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SCOPE OF DEEP

= SPREADSHEET TOOL FOR
PERFORMANCE & COST ANALYSIS OF
VARIOUS CO-GENERATION

STRATEGIES (POWER+DESALINATION)

PROGRAM FREELY AVAILABLE UNDER
LICENSE AGREEMENT FROM
INTERNATIONAL ATOMIC ENERGY
AGENCY (IAEA)
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WHAT IS NEW IN VERSION 3

DEEP-3 FEATURES UPGRADES IN

1. THERMAL MODEL

2. RO MODEL

3. COUPLING CONFIGURATION MATRIX
4. USER INTERFACE
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THERMAL MODEL UPGRADE

1. GENERALIZATION OF LOST SHAFT
WORK TO COVER

= EXTRACTION SYSTEMS
= BACKPRESSURE SYSTEMS

2. IMPROVEMENTS IN DISTILLATION
THERMAL BALANCE & GOR MODEL

3. THERMAL VAPOR COMPRESSION
(TVC) OPTION ADDED

Department of Nuclear Energy \‘f@\%
International Atomic Energy Agency N




RO MODEL UPGRADE

1. NEW & VALIDATED CORRELATIONS
= FEED PRESSURE
= PERMEATE SALINITY
= RECOVERY RATIO

2. EFFECTS OF FEED SALINITY,
TEMPERATURE & FOULING
INCLUDED
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UPGRADE OF COUPLING
CONFIGURATION MATRIX

= COUPLING SCHEMES FOLLOW

= TURBINE DESIGN (STEAM VS. GAS)

= CO-GENERATION FEATURES (DUAL-
PURPOSE VS. HEAT-ONLY)
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ENERGY SOURCE OPTIONS

FOSSIL POWER
NUCLEAR POWER
RENEWABLES
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DESALINATION TECHNOLOGY
OPTIONS

MED

MSF

RO
HYBRID

= MED-RO
= MSF-RO
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UPGRADE OF USER INTERFACE

Ul REFURBISHED & MADE USER-
FRIENDLIER

NEW CASE INPUT FORM
IMPROVED INPUT/OUTPUT SHEETS
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OVERALL DEEP FLOWCHART

Department of Nuclear Energy {/‘f \fgz
International Atomic Energy Agency 2

Page 11



INPUT DATA FLOWCHART
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THERMAL MODEL FLOWCHART
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RO MODEL FLOWCHART
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VIEW OF CASE INPUT FORM

Specify Case and Configuration Data

x|

Project:l Beta Version Test - Aug. 15, 2005 Case:l Hyhrid Case: CC + MED-RO
Water Plant Capaecity

Feed Salinitsy I 25000 ppm Feed Temperatare I =0 deg C
Total Capacity: | 100000 253fd  Djstillation part | S0 e |
P Interest Rate I 5 % Purchased Electricity Cost | 0.06  $/kKWh

FPowrer Plant Diata Dristillation Flant Data

Reverse Osmosis Plant Data

Thermal Power 1200 pAW+ Enetrgy Recovery Fraction I 20 %%
Het Flectric Power I o0 LIVWe Ldaxitnam Brine Temperature I 65 degC Recovery Ratio (optional) I o %

Fuel Cast I?IWT Steam Temperature (optional 0 degC Design Flux 12.6 1/ (m2h)
Specific Construction Cost oo %KW Specific Construction Cost I aod § S (mSid Specific Construction Cost o000 $ S 0mSidD

— First, select a coupling configuraton from the matrix of supporied energy sources and desalination technologies —— — Configuration Swiiches

MED MSF RO MED-RO MSF-RO [ S S
= Extraction [ Condensing
MUCLEAR, STEAM TURBINE NSC+MED MSCHMSE NSC+RO NSCHMED-RO | NSC+HMSF-RO

MUCLEAR GAS TURBIME MNEC+MED MEC+MSF NEC+HRO MNECHMED-RC NECHMSF-RC " Backpressure

MUCLEAR HEAT MH+MED MH+MSF

STEAM CYCLE - COAL COAL+HMED COAL+MSF COAL+RIO COAL+MED-RO | COsL+MSF-RO

STEAM CYCLE - OIL OIL+MED OIL+MSFE OIL-+RO OIL+MED-RO | OIL+MSF-RO - Ml Wapge: Sl
i Yes

GAS TUREBIME [ HRSG GT+MED GET+MSF GT+RO GT+MED-R.O GET+HMSF-RO

COMEIMED CYCLE ZC+MED CC+MSF CCHRO CCHMED-RO CC+HMSF-RO * Ha

FOSSIL HEAT FH+MED FH+MSF

[ Backup heat source

I REMEWAELE HEAT RH+MED RH-+MSF I I MED-R.C1 vI
STAMD-ALOME RO SA-RO | cC

File Hatme: Wewr CC+MED-RO
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VIEW OF OUTPUT SHEET

Project

Power Plant Data

Type
Ref. Thermal Power

Ref. Net Electric Power
Construction Cost

Fuel Cost

Purchased Electricity Cost
Interest Rate

Configuration Switches
Steam Source
Intermediate Loop

TVC Option

Backup Heat

Lost Electricity Production
Power-to-Heat Ratio
Plant Thermal Utilization

Distillation Performance

# of Effects/Stages
GOR

Temperature Range
Distillate Flow
Feed Flow

Steam Flow

Brine Flow

Brine salinity

Specific Heat Consumption

Specific Power Costs

Fixed charge
Fuel cost
O&M cost

Decommissioning cost

Levelized Electricity Cost

Summary of Performance and Cost Results

Main Input Parameters

Beta Version Test - Aug

.82005

Water Plant Data

Type
Required capacity

Hybrid Dist. Capacity

Dist. Construction Cost
Maximum Brine Temp.
Heating Steam Temp.

Dist. Feed Temp.

Seawater Feed Salinity
Hybrid RO Capacity

RO Construction Cost

RO Recovery Ratio

RO Energy Recovery Fraction
RO Design Flux

RO Feed Temp.

Performance Results

MW
MWe/MWt
%

RO Performance

Recovery Ratio
Permeate Flow
Feed Flow
Feed Pressure
Product Quality
Brine Flow
Brine Saliniy

Specific Power Consumption

Cost Results

Specific Water Costs

Fired charge
Heat cost

Plant electricity cost
Purchased electricity
O&M cost

Total Specific Water Cost

m'/d
m'/d
$/ (m'/d)

1/ (m” hour)

°C

Close ‘
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VIEW OF COMPARATIVE
PRESENTATION

Water Cost

CC+MED-RO-$15-  CC+MED-RO-158-  CC+MED-RO-30$  CC+MED-RO-50$ Nuclear Gas NGT+MED-RO-10%
5% 10% Turbine+MED-RO-5%

J

CC+MED-RO-$15-MED-RO- 15$-"C+MED-RO-3C0C+MED-RO-5Cas Turbine+MEBT+MED-RO-1( Unit

Water cost 0.614 0.614 0.737 0.902 0.545 0.553 $/m?

)
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HOW TO OBTAIN DEEP-3

= VISIT
WWW.IAEA.ORG/NUCLEARDESALINATION

= FOLLOW DOWNLOAD INSTRUCTIONS
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