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Abstract

Our world is facing the increased global shortage of potable water and pollution of water,
so is China, especially in big cities and foreland, which is facing the power shortage as well.
It is ideal to promote seawater desalination to satisfy the potable water demand in these areas.
Among the various processes, MED, RO and VC have proved well developed and promising.
Due to the inherent safety and its vapor produced with high parameters and features of small
size and modular design, HTGR (High Temperature Gas-cooled Reactor) of 2x200MW is
chosen as the energy source for the desalination in dual production of clean water and power.

This paper is to discuss the techno-economic feasibility of different seawater desalting
systems using 2x200MW HTGR in the areas mentioned above, that is, ST-MED (Steam
Turbine Cycle), RO, MEDHVC, RO/MED and GT-MED (Gas Turbine Cycle). The exergy
concept is used in calculating availability to get cost of energy in desalination, and power
credit method is used in economic assessment of different systems to get reasonable
evaluating, while economic-life levelized cost method is adopted for calculating electricity
cost of referred HTGR plant. In addition, sensitivity analysis on ST-MED economy is also
presented.

Introduction

Seawater desalination is a well-established and commercially available technology.
Among the various processes, RO, MED and VC have been in large-scale commercialization
and proved promising in the future111 PI. Nuclear power and fossil-fired plants are the two
main sources to generate electricity, heat or both, but nuclear plants have advantages on
economy and environment protection over the latter, which indicate its competence in
desalination markets.

High Temperature Gas-cooled Reactor (HTGR) of 2x200 MW is an advanced reactor
featured by inherent safety and high temperature gas. Its small size and modular design are
favored in such process applications as desalination. In addition, it can also provide better
economy and safety over reactors of other type while serving as the energy source for
desalination.

In spite of its well establishment, there are still some to be improved in desalination
industry, such as reducing of energy consumption and high capital investment especially
when combined with nuclear power plant for the latter. Moreover, the expense of operation
and maintenance is also high. Therefore it is necessary to perform techno-economic analysis,
resorting to optimal design with improvement in technology, process and material property,
and finally increasing desalting capacity and reducing both energy consumption and product
cost.
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1.Coupling of desalination plant with HTGR

Inherent safety, small size and modular design feature HTGR of 2x200MW, thus providing
flexibility in siting and coupling with desalination plant. The main design parameters of
HTGR is shown in Table I. In this paper, the following coupling cases are to be considered:

ST-MED: MED coupling with steam turbine cycle plant (backpressure turbine).
TVC: thermal vapor compression using jet with backpressure turbine.
RO: Reverse Osmosis (two stages).
RO/MED: hybrid desalination of MED and RO.
GT-MED: MED coupling with indirect gas turbine cycle.

TABLE I Technical and Economic Data of HTGR

Reactor thermal power(MWt)
Maximum power output(MWe)
Primary loop temperature^)
Primary loop pressure(MPa)
Secondary steam temperatureCC)
Secondary loop pressure(MPa)
Base investment($/kWe)
Investment addition
Fuel cost($/MWe.h)
O&M cost($/MWe.h)
Economic Hfe(a)
Lead time(a)
Plant self-used power
Annual load factor
Decommission factor
Referred money date
Amortization time(a)

ST Cycle
2x200
2x80
250/700
6
200/530
19
2587

GT Cycle
600
287
NA
NA
NA
NA
2020

10%
13.08
123 (M$/a)

9.20
8.65

30
4
5%
80%
5% NA
1993
30

Based on the model and data above, the calculated results are as follows:
Electricity cost: 0.080$/(kWh) (ST cycle);

0.065$/(kWh) (GT cycle)

2. Method and model of techno-economc analysis

The cost of desalination or water cost ($/m3) is chosen as the evaluating criteria in the
economic assessment. It is between 0.7 and 2.0 $/ m3 in general at present. In addition,
overall investment, specific investment in unit desalting capacity ($/m3/d) and specific energy
consumption are also to be considered.

For RO system, the water cost is cost of all the expenses divided by the corresponding
desalting capacity. While for dual production system, evaluating methods could be classified
as apportioning methodsf11 and power credit methods*11 P 1 .

The apportioning methods divide the total costs between the electricity and heat in a
certain ratio selected on the bases of various criteria. But it is difficult to ensure that the ratio
employed is truly representative for the ratio can be somewhat arbitrary. The power credit
method selects a predetermined value for one of the products based on the cost of that from
an alternative source. Using that value as the cost of the product, the cost of the second
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product can be determined. Therefore cost credit of the first product will affect that of the
second. The alternative can be a single production plant (either existing or conceptual). This
method can effectively give the upper limit of either cost.

In this paper, the condensing HTGR plant is chosen as the alternative plant with steam
turbine cycle. In order to achieve more precise water cost, availability analysis is applied to
evaluate the equivalence relation between the heat supplied to desalting plant and electricity.
The availability of the heat defined as following is suggested to be equivalent with the
electricity generated from referred condensing plant. That is, assuming the process steam
expanded in the lower pressure turbine in the referred plant, the generated electricity is
equivalent with that generated from condensing plant. This definition indicates the actual
capacity of electricity production, or electricity loss due to heat supply to the desalination
plant. All the calculations of dual production plants in this paper are based on this modified
method, and defined as equivalent power credit method hereafter.

According to the above analysis, the cost of electricity of 2x200 MW HTGR should be
acquired first for the calculation of the water cost.

2.1 Electricity cost of 2x200MW HTGR

The cost of electricity is calculated on the base of levelized electricity cost method, which
consists of the following components in Fig.l. The technical and economic dataf1"4' of
HTGR is listed in Table I. In the table, the referred power plant of gas turbine cycle is GT-
MHR of 600MWinstead of 2x200 HTGR because of lack of cost data of HTGR gas cycle.

{Base Investment |

Investment Discount! Inflation & Escalation >

_, „ [interest during Construction]
Electricity Cost\ l J

Fuel Cost

Operation & Maintance Cost

Decommision Cost

Fig.l Components of electricity cost

2.2 Cost of desalination

Components of desalination cost are shown in the following figure. According to the
equivalent power credit method, the levelized water cost is given by:

— DCaPl + H">t ~*~ ̂ DOnM + ^ Ee

Where: Cocapt, CHC*, CoonM a n d C^are the investment discount, energy cost, O&M cost
and electricity consumption cost in US dollars respectively; and Da is annual desalination
plant capacity in m3/a. The energy cost is given on the basis of availability analysis
described above.

3. Results and analysis

A computational program has been developed on the techno-economic analysis of the
desalination systems using 2x200 MW HTGR, including ST-MED, GT-MED, TVC, RO and
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Desalination Cost

Energy Cost

Investment Discount-

O&MCost

Base Investment

Seawater Intake/Outfall Cost

Owners Cost

Contigency

Inflation & Escalation Cost

Interest during Construction

Labor Cost

Spare Parts Cost

Chemical Cost

Membrane Replacement Cost(RO Plant)

Insurance Cost

Electricity Consumption Cost

Internal Use

Seawater Pumps

Booster & High - pressure Pumps(RO Plant)

Others

Fig.2 Components of desalination cost

RO/MED. In addition, sensitivity analysis on ST-MED water cost has also been performed.
The results are illustrated in Table Hand Table in, where in Table H the investment of
HTGR is not included, which is 0.6032 billion US$ of ST-HTGR and 0.4821 billion US$ of
GT-HTGR.

TABLE n Calculation Results of Various Desalination Systems
ITEM
Water cost ($/m3)
(1) Energy cost
(2) Desalination plant

investment discount
(3) O&M cost
(4) Electric power

consumption
Production capacity
(mVd)
Power output (MWe)
Gain-output Ratio
Overall investment
(billion $)
Experience availability

ST-MED
1.089
26%
47%

11%
16%

9.31E4

149
10.6
0.1801

High i

TVC
1.222
33%
43%

8%
16%

2.87E5

93.3
18/21.5
0.5676

Medium

RO
1.078
NA
42%

18%
40%

2.34E5

160
NA
0.4013

medium

RO/MED
1.032
13%
45%

16%
26%

1.86E5

149
10.6
0.3434

low

GT-MED
0.783
NA !
66%

16%
18%

8.49E4

166
10.6
0.1637

Low 1

Concluded from the results above, GT-MED shows the best economy, followed by
RO/MED, RO, ST-MED and TVC. GT-MED also has the lowest overall investment,
followed by ST-MED, RO/MED, RO and TVC. Desalination of distilling such as MED and
TVC can produce fresh water of high quality, and the latter can achieve high production
capacity, though its water cost and thermal-economy are both lower than those of MED. For
RO, achievement of low water cost needs large amount of cheap electricity. RO/MED
combines both advantages of both, however the coupling may be more complex. GT-MED
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will be the strongest competitor against RO for its high thermal efficiency and economy if
technology of gas turbine is improved.

Factors that will have effect on technical and economic competence of various
desalination systems are illustrated in Table in, in which the interest, load factor of the
system, specific investment of either desalination plant or power plant rank the most
important on production cost, while specific investment of either plant and interest are those
on overall investment.

TABLE in Results of Sensitivity Analysis of ST-MED
Importance Desalination cost(variation) Overall investment(variation)

1

2

3

4

5
6
7

Load factor( 1.200)

Annual interest(0.653)

Specific investment of
desalination plant(0.460)
Specific investment of
HTGRplant(0.280)
Economic life(0.126)
Escalation(0.048)
Lead time(0.026)

Specific investment of
HTGRplant(0.770)
Specific investment of
desalination plant(0.217)
Annual interest(0.146)

Escalation(0.091)

Leadtime(0.091)

19.0/530

2x200 MW
HTGR

131.2kg/s
2.7
2930

a.Desuperheater
b.Reheatcr

146MW cCondensate Pumps

60 d.Feedwater Heaters

e.Feedwater Pumps

9.35x10 4m3/d
>
Product Water

IT

MED

Seawater
Concentrate

Fig.3 Scheme of ST-MED for 2x200MW HTGR (Steam Side)

4. Conclusion

• Desalination using 2x200MW HTGR is techno-economic feasible, and has advantages
over those using other energy sources.

• In view of technology of the state-of-the-art, economy, complexity, need of dual
production of potable water and electricity in the foreland, ST-MED is considered as the
best choice. RO of one-stage will be the best if there lies a large amount of cheap
electricity and potable water is the only need.

• The optimized design characters of ST-MED are illustrated in Fig.3 and the final
product cost is 1.071 $/ m3 with net power output of 122MWe.

• For desalination in distillation method such as MED and TVC, the key to reduce
product cost lies in reducing energy consumption and investment of plant equipment,
while for RO, it lies in reducing energy consumption and O&M cost (such as RO
membrane).

227



Advanced features in technology and economy of advanced reactors such as high load
factor, inherent safety will also bring competency in technology and economy of overall
desalination system.

• In addition, system of hybrid processes will also gain high product capacity, low cost or
both, for example, RO/MED mentioned above. If pretreated seawater is mixed with
product water from MED, better economy will be achieved at some expense of quality
product.
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