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ABSTRACT

This project examines the feasibility study of conversion of fuel used in Bang
Pakong Power Plant to Orimulsion Firing. The overall concept of the conversion is to
add Orimulsion firing capacity to the existing Bang Pakong thermal units.
Main technical feasibility study is to consider on plant modification, the
additional equipments and compatibility of existing equipments on Orimulsion
operation. Atomization of the fuel is satisfied by using F-jet type (Two types liquid
atomizer.). The optimum temperature for combustion is approximately 50°C to 65°C
and existing systems can be renovated to achieve this condition. Steam generators can
be utilized with Orimulsion by adding heat transfer surface area to superheater and
economizer, soot blowers, low NOx burner. The overall efficiency is still expected to be
on the order of 1 to 2% lower than that for similar oil fired boiler.
Air Emissions analysis mainly for Sulfur Oxide, Standard is 320 ppm but
Orimulsion firing and utilized FGD to control Oxide of Sulfur to be 90 ppm. Waste
Water will be accomplished by means of gravity clarifiers addition of chemicals,
flocculation, sedimentation and sludge removal. Safety; Orimulsion is considered non
flammable at even the high ambient temperatures experienced in Thailand.
Economic evaluation revealed that we can save $0.00959/kWh. Annual generation
to electricity consumption with this power plant is 13,997,647 MWh. It means saving
about 5,000 million baths per year.
The result indicates that the conversion of Bang Pakong units to Orimulsion is
technically feasible, environmentally acceptable, and is also economically attractive.
The project could be implemented according to the studies.
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I. INTRODUCTION

This project focuses on technical, environmental and economic feasibility study
for conversion of fuel used in Bang Pakong Power Plant to Orimulsion firing. The
major factor in production cost of electricity is the cost of fuel. The purpose of potential
in power generation required low production cost conduct to the cost reduction in fuel
used. The rise of fuel oil and natural gas price affects directly on electricity production
costs. Orimulsion is an alternative lower-cost fuel. It's the opportunity to study
Orimulsion for power generation.
1.1 The Objective of This Project
(1)

To provide methodology to study conversion fuel in the existing power plant.

(2)

To study Orimulsion and analyze its properties which is first time used in

EGAT's power plant.
(3)

To evaluate technical, environmental, and economic feasibility of conversion

Bang Pakong Power Plant to Orimulsion Firing.
This project provides the benefit of conversion of four thermal units at EGAT's
Bang Pakong station to Orimulsion, an emulsion of heavy bitumen from the Orinoco
Basin mixed with water. This fuel product developed for power generation by Bitor, a
subsidiary of the Venezuela Nation Petroleum Company, PDVSA, has been used for
several years by selected plants in Italy, Denmark, Canada, and Japan.
The overall concept of the conversion is to add Orimulsion firing capability to the
existing Bang Pakong thennal units, Bang Pakong Power Plant consists of four units of
thermal power plant and four units of combined cycle power plants while also retaining
the capability of burning natural gas and heavy fuel oil. The concept requires a retrofit
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of the existing steam generator to accommodate additional firing of Orimulsion in an
environmentally acceptable manner.
Orimulsion is an emulsion of bitumen in fresh water. The bitumen is obtained
from the Orinoco River Basin of Venezuela and purified before being emulsified. The
bitumen content is approximately 70%, with water making up 29%, and additives the
remaining 1%. Orimulsion is an alternative fossil fuel and, with some special handling
and storage provisions, may be used as boiler fuel in much the same way as heavy fuel
oil.
1.2 Resources
The Orinoco bitumen that forms the basis of Orimulsion is available in large
quantities. The total reserves of recoverable bitumen contained in the Orinoco basin,
which comprise about 40% of the world's reserves of bitumen and extra heavy
hydrocarbons, are estimated at 267 billion barrels. This is comparable to the crude oil
reserves of Saudi Arabia. The current production rate for Orimulsion is six million tons
per year. Contracts are in place for the delivery of nine million tons per year by 1997.
Several new production facilities are under construction, and the total production
capacity is planned to reach 30 million tons per year. This level of production would be
sustainable for more than one thousand years.
In addition to the Orinoco Basin, substantial bitumen or extra heavy hydrocarbon
reserves are located in Russia, Canada, Africa and elsewhere. As to the source of
Orimulsion is only from Venezuela for commercial trading, the study has to consider
the transportation lead time, transportation equipment and storage to meet fuel
consumption after full operation with the fuel.

2

1.3 Technology on Plant Modifications
Modification of existing equipments for Orimulsion firing is the major concerns.
Some of them could be used without any problem but additional equipments must be
installed to meet specification for Orimulsion operation. Particular equipments are
required for environmental matters which have to be included in this project.
1.4 Around the World Applications and Experience
Prior to acceptance of Orimulsion as an alternative fuel for power plants, extensive
tests were conducted by CE, British Petroleum, NEI, Mitsubishi, Babcock and Wilcox,
and others. These tests were performed to determine the acceptability of the fuel and to
define the methods of burner configurations suitable for atomization, flame control and
to determine appropriate operating ranges. Some tests were directed at establishing
combustion product composition.
For over 10 years, Orimulsion has been burned on a commercial basis in such
countries as Canada, Japan, Denmark, UK and Italy. A complete list provided by Bitor
is included as Figure A.4.
The results of tests and commercial operating experience indicate that Orimulsion
is an acceptable fuel, similar in many ways to heavy fuel oil. Atomization using steam
is readily achievable with high combustion efficiency and flame temperatures lower
than those for heavy fuel oil. The high vanadium and SO3 content of the combustion
products can cause fouling and corrosion, as described later in the report. Soot blowing
and magnesium injections are effective remedies. The sulfur content of the combustion
products will also require flue gas desulfurization using existing technologies FGD .Other emissions are also controllable using available commercial technologies.
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1.5 Safety and Clean up
Orimulsion toxicity is similar to that of a heavy fuel oil with similar chemical
composition. Appropriate measures should be taken to avoid contact with the skin and
eyes. Breathing of fumes should be avoided. Entrance into vessels which contain or
have contained Orimulsion should be performed with the usual precautions including
thorough venting and sampling or supplied breathing air.
Orimulsion's properties as an emulsion require some different approaches to
cleanup from those used for oil. In particular, oil separators do not remove Orimulsion
from water. Orimulsion will tend to disperse in water; therefore it is crucial to prevent
Orimulsion from entering drains or mixing with streams, etc. Spills on land should be
immediately removed using physical means such as suction and treating the remainder
of the spill with sorbants. The spill should be treated as quickly as possible because a
hard crust will eventually form, which makes cleanup more difficult. When spilled in a
body of seawater, Orimulsion tends to disperse at first in the upper three meters of the
water rather than form a floating layer as oil does. It may be further dispersed by stirring
or agitating the water. The studies on prevention and recovery of Orimulsion spill
would be done also applying new technology on it.

4
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II. TECHNICAL FEASIBILITY STUDY

2.1 Comparison between Orimulsion and Other Fuels
In this section, comparison of Orimulsion to other fuels used in power generation,
fuel oil, natural gas, LNG (Liquid Natural Gas) and coal includes physical and chemical
characteristics, combustion performance, emission performance, and supply logistic.
2.1.1 Chemical and Physical Characteristics
Chemical characteristics of Orimulsion, as shown below, are generally similar to
other fossil fuels. Carbon and hydrogen are major fuel energy components; sulfur,
moisture and ash are other common constituents.
Orimulsion density is slightly higher than density of fuel oil, viscosity is lower.
Hight Heating values (The heat energy is emitted to surrounding when fuel was
combusted.) of Orimulsion are similar to coal, as shown below.

Table 2.1. Characteristics of Fossil Fuels (%Wt).
Fuel
Carbon (C)
Hydrogen (H)
C/H Ratio
Moisture
Sulfur
Ash
Metals (ppm)
Nickel
Vanadium
Sodium
Magnesium
Density @ 15°C kg/1
Viscosity @ 30°C and 1005 -1
Poor Point °C
High Heating Value kCal/kg
(Btu/lb)

Orimulsion
400
60.0
7.5
8.0
29.5%
2.85%
0.2%

Heavy
Fuel Oil
85.7
10.56
8.2
<1%
0.7-2.5%
0.1%

LNG and
Natural Gas
73.9
24.0
3.1
Negligible
<0.01%
Negligible

75
320
12
7
1.009
200
3.0
7,213
(12,984)

37
32
0.9861
360(1)
18.3
10,670
(18,300)

N/A
N/A
N/A
N/A
N/A
N/A
N/A
12,280
(22,100)

(1) at 100°F
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Coal
64.3
4.7
13.8
8%-10%
<1-3%
6-12
Negligible
Ga
Ga
CC

N/A
N/A
N/A
6,560
(11,800)

2.1.2 Combustion Performance
Combustion performance of Orimulsion is characterized by its excellent
atomization (Atomization is the process of injection the fuel to be very small droplet.)
quality and low carbon losses in comparison with fuel oil.

Table 2.2. Fuel Comparisons.
Fuel

Orimulsion
400

Heavy
Fuel Oil

Coal

120
20-30
5%

LNG and
Natural
Gas
N/A
N/A
N/A

Fuel atomization temperature, °C
Fuel atomization pressure, bar
Atomizing steam consumption,
%wt fuel
Excess 02, %
%C in ash
Sootblower steam consumption,
% reference(Ref. to Coal)

50-60
10-15
6%
0.1-0.6%
0-5%
70-80%

0.5-2.5%
50-100%
50-60%

1-2%
N/A
N/A

3.5-5%
5-10%
100%

N/A
N/A
N/A

2.1.3 Emission Characteristics
Comparison of uncontrolled emission (It's uncontrolled particle because it will be
formed after emitted to atmosphere.) of major pollutants from combustion of fossil fuels
is shown below:

Table 2.3. Uncontrolled Emissions in Pounds per Million Btu.
Pollutant

Orimulsion

Particulates
Sulfur Dioxide (SO2)
Nitrogen Oxides (NO2)

0.22
4.4
0.51

Heavy
Fuel Oil
0.17-0.08
0.8-2.75
0.77
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LNG and
Natural Gas
<0.01
<0.01
0.55

Coal
3.8
1.2-3.0
0.7-1.4

Orimulsion has relatively low emissions of NOx because the high amount of
water in fuel results in low flame and combustion temperatures. Particulates
emissions from combustion of Orimulsion are higher than from fuel oil but only if
carbon carry over is excluded.
Conventional control technologies applied to minimize emissions such as
electrostatic precipitators (ESP, the equipment used for filtering particulate matter
from factory emission by electrostatic.) flue gas desulferization (FGD, the equipment
used to reduce SO2 from factory emission.) and low NOx burners (The advance
equipment used in combustion chamber to make complete combustion, NOx will be
very few.) result in the following typical emission levels:

Table 2.4. Controlled Emissions.
Description
Particulate inlet to ESP, mg/Nm3
ESP particulate outlet, mg/Nm3
PM10's, mg/Nm3 (1)
PM2.5's, mg/Nm3 (1)
ESP efficiency, %
Fly-ash production, tonnes/year
Fly-ash resistivity ohm-cm
NOx outlet concentration, low
NOx burners, mg/Nm3
NOx outlet concentration, SCR,
mg/Nm3
SO2 inlet concentration to FGD,
mg/Nm3 (1)
SO2 outlet concentration from
FGD, mg/Nm3 (1)
FGD efficiency, %

LNG/NG

Coal

N/A
N/A
N/A
N/A
N/A
N/A
N/A
320

11,500
50
20
6
99.6
50,000190,000
1010-1012
650

<200

<200

<200

6,800

1,750-6,900

N/A

940-6,000

<400

<400

N/A

<400

94%

77-95%

N/A

57-93%

Orimulsion
400
175
5
5
3
97.1
869

Heavy
Fuel Oil
150
10
9
4
93.3
474

109
390

10
450

<200
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(1) Concentrations based on 3% 02 dry for liquid and gaseous fuels and 6%
O2dry for coal
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2.1.4 Trace and Metal Impurities in Fuels
Fossil fuels contain impurities that are related to the origin and formation of each
fuel. During combustion these impurities are emitted as particulates or gaseous
compounds. Typical ranges of emissions from combustion are tabulated below:

Table 2.5. Emissions of Trace Elements (10-6 lb/million BTU).
Pollutant
Arsenic
Beryllium
Chromium
Lead
Mercury
Nickel
Selenium
Vanadium
Fluoride
Hydrogen
Chloride
•

Orimulsion
400
2.9
0.3
16
0.9
<0.2
3,500
12
18,000
150*
1,975

Heavy Fuel
Oil
2.6-12
0.1-0.6
3-9
3.-14
0.2-1
460-1, 140
0.7-6
100-5,500
245
1,900-3,100

LNG/NG

Coal

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

78-850
54-96
99-210
161-362
5.2-15.9
61-121
30-400
121-275
5,000-9,800
10,000200,000

One-half of detection limits

For particulate matter, ESP can effectively control emissions. For gaseous substances,
and FGD system can reduce all trace of element emissions.
2.2 Utilization and Technology Issues
Orimulsion may be used in a manner similar to heavy fuel oil with some
additional considerations. Special precautions with regard to heating and shear rates
(Friction in fluid transportation.) must be taken to ensure the stability of the emulsion.
Mixing with oil must be minimized. Atomization with steam has proven reliable and air
atomization has been successful. Boiler designs should be optimized to deal with the
lower flame temperature and higher gas temperatures associated with Orimulsion as
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well as the high vanadium and sulfur content. The various aspects of using Orimulsion
in a power plant are discussed below.
2.2.1 Fuel Transport Receiving Storage and Handling
The Transport and Handling of Orimulsion is generally similar to that of heavy
fuel oils with additional precautions to avoid damaging the emulsion. These precautions
are focused on maintaining the Orimulsion within prescribed temperature limits:
avoiding very long term stagnation, and avoiding contamination. Avoiding damaging
the emulsion is crucial since the breaking or inversion of Orimulsion can lead to dealing
with a fluid with a viscosity of one or two magnitudes greater than the original. Such a
transition will halt operations and require substantial efforts to clear lines and
equipment.
The temperature limits prescribed by the supplier for Orimulsion are 10°C to
65°C. The lower limit is to prevent freezing of the water matrix while the upper limit is
to prevent entering the range where the effectiveness of the surfactant begins to fall off
sharply.
Shearing tends to reduce the average bitumen droplet size in the emulsion.
Decreased droplet size results in higher total droplet surface area which in turn absorbs
the excess surfactant from the water matrix, if all the surfactant is absorbed onto droplet
surfaces so that no surfactant remains in the water the emulsion becomes unstable. For
this reason shear rates should be limited to the extent feasible and should not exceed
500 per second at any location. Pumps, valves, rotation or sliding seals, flow meters,
and other instruments and all areas where the shear rates should be considered carefully.
Filtration also requires careful consideration. Meshes which trap the larger
droplets will enhance agglomeration leading to clogging and non-uniformity or
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breaking of the emulsion. Filters finer than 20 meshes (approximately 740 microns)
should be avoided.
Deadlegs and other locations where long term stagnation is possible are to be
avoided to the extent feasible, since the emulsion may become unstable over very long
periods of time (four months or more, depending on conditions).
Contamination of the emulsion can lead to breaking or inversion. Mixing of
Orimulsion and light distillate products should be strictly avoided. Contamination of
the emulsion with heavy fuel oil is much less critical, but the contamination level should
be kept below two percent. Cleanout features and procedures for lines, vessels, and
components that may be handling more that one fuel should accommodate these
requirements. The avoidance of contamination is important in considering fluids in
instruments as well.
Orimulsion is transported by tanker and is delivered at temperatures between 10°C
and 30°C. It may be unloaded using conventional positive displacement or single stage
centrifugal tanker/barge pumps provided that the speeds do not exceed 1800 rpm and
the heads do not exceed 10 bar g (150 psig). Pipelines and tanks that have contained
heavy oil should be cleared. Tank walls do not have to be cleaned, but any sludge
should be removed from the tank bottoms. All surfaces contaminated with distillates
should be cleaned. Oil/Orimulsion interfaces should be sent to a slop tank. Orimulsion
should not be contaminated with heavy fuel oil. Light distillates are more likely to
cause de-stabilization. Velocities of 1.5 m/sec are acceptable but shear rates in excess
of 500 per second are to be avoided whenever handling Orimulsion.
Storage tanks similar to those used for heavy fuel oil may be used. Floating head
tanks may not be appropriate since shearing of the Orimulsion at the head/wall interface
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may lead to bitumen deposits and binding. The tanks should be completely drained if
they have contained fuel oil, but cleaning of the interior surfaces is not necessary. Fill
lines should enter at or near the bottom. If top fill lines are used, dip (sparger) lines
must be added to avoid creaming of the emulsion as the tank is filled. Freezing must be
avoided as well as excessive temperatures. Orimulsion should be stored below 40°C. If
properly stored, the Orimulsion should retain its properties for several months. It
should be sampled periodically to detect the presence of excessive quantities of large
droplets, an indication that the emulsion is deteriorating.
Because the effectiveness of the surfactant used in Orimulsion 400 drops off
rapidly above 65°C, heating surfaces should be maintained below 70°C. In order to
assure this, steam heating of tanks should be avoided and hot water, glycol, or
appropriately designed electric heaters with proper temperature controls, used instead.
Recirculating the Orimulsion through heaters is a satisfactory method of maintaining
temperature while avoiding stratification. Mixers are also an effective means of
avoiding stratification.
A typical Orimulsion storage and handling system is shown in Figure A.S. Note
that the fuel is heated in stages to avoid thermal shock. High shear rates (greater than
500 per second) and high pressure drops are to be avoided. Variable speed motors
should be used to control flow rates in place of control valves since pressure control
valves can introduce both high pressure drops and high shear rates.
Full bore type valves such as gate valves are recommended. Swing check type
non-return valves should be used. External pressure relief valves are preferred to
internal relief valves within pumps, which connect the discharge directly to the pump
suction. Mechanical seals should be avoided since the water may evaporate from the

11
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seal leaving a bitumen layer which will damage the seal, although seals with single
carbon faces have proved satisfactory.
The high pressure heater in Figure A.5 is located downstream of the high pressure
pump. This is the preferred configuration, despite the higher viscosity the high pressure
pump will have to overcome, because the de-stabilizing effects of shear are enhanced at
higher temperatures and with this configuration the shear produced by the pump occurs
at a lower emulsion temperature.
According to the supplier, it is possible to reconstitute Orimulsion if it is damaged.
The process involves heating the damaged material and mixing it with additional
surfactant. The process is shown in Figure A.6.
2.2.2 Atomizers and Burners
The combustion quality and burn-out efficiency achieved with Orimulsion have
been excellent. However, the effects of temperature, shear rate, and duration on the
viscosity and stability of the emulsion must be considered. The limited time spent by
the fuel in the atomizer allows some excessive shear and/or heating without significant
deterioration in atomization. The optimum temperature for combustion is approximately
50°C to 65°C and systems should be designed to achieve this condition. Suspended
flame type burners have been used very successfully in firing Orimulsion.
Two-fluid atomizers of the F-jet type have been the most effective for use with
Orimulsion to date, providing wide ranges in turndown and excess air. Pressure jet used
atomizing method to date, although air has also been used successfully. Atomizing
steam consumption may be higher than that expected with heavy fuel oil, partly because
of the higher fuel mass flow rate required with Orimulsion. Orimulsion is generally
fired with a constant differential pressure between the steam and fuel rather than with a

12

constant steam pressure, to avoid the effects of excessive steam flow on flame stability
during turndown. Purging the fuel from the equipment prior to shutdown and startup is
strongly recommended.
Direct ignition of Orimulsion from spark igniters (Spark plug) has not been tested.
The preferred method used a gas or light oil for pilot ignition; pilots in excess of 150
kW have been used successfully on boilers. Once the Orimulsion is ignited the pilot is
no longer required.
Flame detection using infra-red hand and flicker frequency are recommended.
While tests indicate that excess 02 rates as low as 0.2% yield acceptable performance, a
somewhat higher level may be preferred to reduce carbon monoxide levels and to allow
the combustion control system to respond readily to fluctuations. Accordingly, excess
air design level of 3 to 3% at economizer inlet may be more practical.
2.2.3 Steam Generators
The design of steam generator using Orimulsion as its primary fuel should reflect
the principal differences which distinguish it from heavy fuel oil. The nature of the
emulsion results in lower flame temperatures, ready attainment of high carbon burn out,
and increased exhaust gas mass flow and temperatures. The vanadium, nickel and
sulfur content are also higher than in most fuel oils. The lower flame temperature
results in lower radiant heating intensity and higher gas temperatures. The presence of
the added moisture yields higher gas mass flow rates than a typical fuel oil.
Adjustments should be made in heating surface areas to take these differences into
account so that excessive reliance on temperating sprays in the superheat and reheat
sections is not required. The lower flame temperature reduces the intensity of radiant
heat so that larger areas should be provided in the radiant heat evaporator sections.
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Lower superheater and reheat surface areas are required to extract heat from the exhaust
gasses at higher temperatures. Wider spacing of tubes to accommodate higher gas flow
rates and reduce the potential for bridging by ash deposits should be considered. Design
of a boiler including these features should help it to operate reliably at full load and
achieve a high efficiency. Even with a boiler optimized for use of Orimulsion, the
efficiency is still expected to be on the order of 1 to 2% lower than that for similar oil
fired boiler, largely because of the effects of the moisture Content of the fuel.
High carbon burnout can be achieved with minimal excess air when firing
Orimulsion. The bitumen droplets in Orimulsion are typically 15 to 20 microns in
diameter, which is already considerably smaller than the droplet size normally achieved
by atomizing heavy fuel oil. The presence of small amounts of water in the bitumen
droplets themselves, which expand on heating, leads to still more thorough dispersion of
the fuel assuring near total combustion at near stoichiometric conditions. The ability to
operate with low excess oxygen can yield benefits in reducing scale formation, sulfate
production, and NOx production and the boiler should be designed to operate in this
mode.
The high vanadium and sulfur content can cause deposition and corrosion
problems in the boiler. Deposits on heating surfaces vary depending on the fuel, the
tube surface conditions, and the location within the boiler. Deposits from high sulfur,
high vanadium fuels in the higher temperature regions of the boiler result from
condensation of volatile products and agglomeration of impinging solids. Typically,
sulfur laden compounds condense out on tube surfaces and may lead to some corrosion
of surfaces. With low sodium level in the Orimulsion, oil ash corrosion rates are best
controlled by the use of additives, such as magnesium compounds. Over time a buildup
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of vanadium compounds from ash which has impinged on the tube occurs. The buildup
increases the temperature of the scale surface as it inhibits heat transfer from the hot
exhaust gasses to the actual tube wall. If the temperature of the scale exceeds the
melting point of these compounds, they fuse and become extremely difficult to remove.
To prevent this from occurring, magnesium compounds are injected. The less adherent
scale can usually be removed by on-load cleaning methods such as soot blowing.
Enhanced soot blowing capabilities must be included to cope with the increased
quantities of ash.
The high sulfur content of the fuel enhances the potential for corrosion at the back
end of the boiler. Some surfaces may be below the dew point for sulfuric acid
condensation and will be subject to attack. Insulation to prevent heat loss from
lowering temperatures to below the sulfuric acid dew point and minimizing air inleakage to reduce sulfate formation and cooling are the normal preventative steps
employed and found to be effective.
Use of lower excess air reduces both scale formation and corrosion problems by
yielding lower states of oxidation of both sulfur and vanadium. The vanadium
compounds associated with these lower oxidation states have higher melting points and
are less likely to form fused, adherent deposits. Sulfites (SO2 compounds) have higher
vapor pressures, resulting in less condensation, and are less corrosive than sulfates (SO3
compounds) and sulfuric acid.
The lowest reasonable excess air rate may result in CO concentrations which make
normally tolerated levels of boiler leakage unacceptable. The high sulfur content of the
fuel will also make boiler leakage hazardous to plant environment, so that balanced
draft is preferred to pressurized operation. The exhaust gas flow rate is greater than in a
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similar output fuel oil fired boiler because of the moisture content of the fuel, and the
induced draft, forced draft, and primary air fans must be designed to account for this.
2.2.4 Emissions
The potential pollutants from an Orimulsion fired plant include NOR, SO2, and
particulates. They are distinguished from those for a comparable oil fired plant by the
amount of sulfur which, on a caloric basis, is equivalent to 4% sulfur in a fuel oil, and
by the quantity and fineness of the particulates. While the sulfur content is higher than
in most fuel oils, the same techniques for flue gas desulfurization that have been used in
the past will be adequate for reducing flue gas concentrations from Orimulsion fired
boilers to acceptable levels.
Orimulsion ash content can reach 0.12 wt% which can theoretically yield dust
loading as high as 340 mg/Nm3. Test burns have shown loadings of 200 to 300
mg/Nm3. The particulate levels and fineness will require large capacity electrostatic
precipitators in comparison to typical oil fired plants. In addition, the fine particles
necessitate the use of high emission type discharge electrodes to overcome the space
charge effects fine particles can create. The fineness of the dust makes the prevention
of moisture buildup in the collected ash important. Frequent unloading of precipitator
hoppers is recommended to avoid bridging and rat-holing. Installation of vibrators is
also recommended. Compaction and palletizing should be considered to facilitate
handling and disposal. Cyclones and filters are necessary to prevent dust escaping from
vents and vacuum system exhausts.
NO production from Orimulsion is comparable to fuel oil because the lower
flame temperature and reduced excess air requirements offset the effects of the higher
nitrogen content of the fuel. There are three primary means of producing NO in a
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boiler: fuel NO,- formed by oxidation of chemically bound nitrogen on the fuel;
thermal NO, —formed by oxidation of the nitrogen in the air; and prompt NO, — the end
result of hydrocarbon radicals reacting with nitrogen in the air. Prompt NO, is
estimated to account for only 5% of the total in oil fired units. The rate of fuel NOx
production is strongly dependent on the nitrogen content of the fuel. It is also
dependent on the available oxygen. Thermal NO, production is dependent on the
available oxygen, the concentration of nitrogen, nitric oxide, and nitrogen radicals in the
combustion zone, the peak flame temperature and the residence time in the peak
temperature zone. The lower flame temperature and the lower levels of excess air
associated with Orimulsion work to reduce thermal and fuel NO, production.
2.3 Orimulsion Transportation Plan
VLCCs (Very Large Crude Carrier) used to transport Orimulsion from Venezuela
to Thailand would have to meet Bitor's rigorous marine transportation safety and spill
prevention requirements. Among them are:
(1) Orimulsion shipping will be only in double hulled vessels
(2) Vessels will be less than 10 years old
(3) Vessels will meet International Maritime Organization (IMO)
Conventions including International Convention for the Prevention of
Pollution from Ships
(4) Ship owners will be required to carry US $1,000,000,000 (One Billion
US Dollars) pollution liability for any vessel chartered for Orimulsion
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Figure 2.1. International Maritime Organization (IMO).

It is expected that these rigorous safety requirements will minimize potential for
accidental spills. Contingency techniques designed to meet such possibility include the
use of deep skirted booms (2-3 meters under the surface) and submersible pumps for
recovery of bitumen droplets.
It is envisaged that receiving facilities will consist of a Single Point Mooring
(SPM) system installed southwest of Ko Si Chang Islands at the point of more than
10 km offshore at water depth sufficient for VLCCs (at least 25m) and a submarine
pipeline, concrete coated for protection against seawater corrosion. SPM terminals
allow tankers to moor and align with wind, waves and current. Vessels can rotate 360°
about the mooring as shown in Appendix B, Figure B.1 — B.3.
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CALM buoys are SPMs equipped Catenary Anchor Leg Moorings (CALM).
Similar SPMs for unloading crude oil are operated by Thai Oil near Si Racha and by
Alliance Refining Co., Ltd. near Map Ta Phut.

Figure 2.2. Single Point Mooring (Courtesy http://www.harbourmarine.com).

Figure 2.3. Catenary Anchor Leg Moorings (Courtesy http://www.harbourmarine.com).
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The preliminary location of SPM and the routing of submarine pipeline, as shown
on Appendix B, Figure B.4, are based on information provided by the Harbour
Authority including a hydrographic map of Si Racha to Laem Chabang shore line
showing sea lanes of ship traffic and areas reserved for anchoring and lightering ships.
The actual location of SPM and routing of submarine pipeline will be selected based on
detail marine investigations and sea bed surveys which will take into consideration
water depth at high and low tides, waves and prevailing wind and current magnitudes
and directions, seabed geotechnical data, and any navigation requirements and
restrictions imposed by the Harbour Authority. A permit for the SPM and pipeline must
be obtained after the location is selected. The annual concession fee for underwater land
is 5 Baht per square meter.
The pipeline will rest on sea bed and will be covered by one to two meters of sand
and mud. Orimulsion pumped out by VLCC pumping equipment will pass through
connecting hoses and the pipeline to storage tanks located on-shore, adjacent to the
Laem Chabang port, as shown on Appendix B, Figure B.S. The SPM system and
submarine pipeline will be sized to unload a VLCC in less than 40 hours. Based on the
unloading rate of 7500 t/hr and considering limited pressure that hoses connecting the
SPM to the pipeline can sustain, a preliminary size of 48 inch diameter was established
for the submarine pipeline.

20

Figure 2.4. Very Large Crude Carrier (Courtesy http://www.globalmaritime.com).

The storage capacity planned at Laem Chabang will consist of five (5) storage
tanks, each sized for 150,000 tonnes of Orimulsion. This is equivalent to about 2.5
months of fuel consumption with all four units operating at about 80 percent of
capacity. Steel tanks will be of the fixed conical roof type design in accordance with
appropriate API (American Petroleum Institute) standards. Orimulsion should be
stored and consumed first. Accordingly, tanks will be equipped with outlets located
near the bottom and will be filled at or near maximum level through a connection
located opposite the outlet line. No heating equipment is required as long as the
storage temperature not lowers than 10° C. The tanks will rest on ring foundations,
which will be pile supported.
Although Orimulsion 400 is not flammable below 40° C and is considered a
Class IIIB liquid under the US NFPA 30 (National Fire Protection Association, NFPA
30 is the industry's most trusted and complete source for safety rules concerning
21

and combustible liquids.), Flammable and Combustible Liquid Code, the tank farm will
be dyked and will be equipped with standard fire fighting system.
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The fuel stocking plan takes into consideration not only the requirements of
continuous plant operation and daily variations in the fuel consumption, but also
intervals of arriving VLCCs with the loaded quantity of nearly 300,000 tonnes each. It
is estimated that as many as 16 to 20 deliveries per year, or nearly two per month, will
be required. As show on the graph Appendix B, Figure B.6, the stock may go down to a
level for 300,000 to 350,000 tonnes but the average stock will be maintained at the
500,000 to 600,000 tonne level.
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The tank farm will be equipped with redundant screw (positive displacement)
pumps to pump fuel through an approximately 60 km long pipeline to a dedicated
25,000 tonne receiving tank located at the Bang Pakong Station. The preliminary
pipeline diameter of 24 inch was established in conformance with Orimulsion design
criteria of 500 psig maximum pressure when using screw pumps.
The piping will be divided into multiple sectors, which could be valved off and
drained in case of emergency. It is proposed to route the pipeline to Bang Pakong
along the existing railroad right-of-way from the storage tank farm for about 53 km
and then run the pipeline along the existing irrigation canal about 7 km to the plant.
The approximate pipeline route is shown on Appendix B, Figure B.7.
2.4 Conclusion
From the study results reveals that Orimulsion can replace existing power units
without any problems.
(1) Atomization of the fuel is satisfied by using F-jet type (Two types liquid
atomizer.)
(2) The temperature limits prescribed by the supplier for Orimulsion are 10°C to
65°C.
(3) The optimum temperature for combustion is approximately 50°C to 65°C and
existing systems can be renovated to achieve this condition.
(4) Steam generators can be utilized with Orimulsion by add heat transfer surface
area to superheater and economizer, soot blowers, low Nox burner. Even with
a boiler optimized for use of Orimulsion, the efficiency is still expected to be
on the order of 1 to 2% lower than that for similar oil fired boiler, largely
because of the effects of the moisture Content of the fuel but it's in the
acceptable range.
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(5) Fuel transportation from dock at Laem Chabang shore to Bang Pakong by
pipeline about 60 km. The preliminary pipeline diameter of 24 inch was
established in conformance with Orimulsion design criteria of 500 psig
maximum pressure when using screw pumps. Pumps provided that the speeds
do not exceed 1800 rpm and the heads do not exceed 10 bar g (150 psig).
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III. ENVIRONMENTAL FEASIBILITY STUDY

3.1 Introduction
Before a project of the magnitude of the conversion of the Bang Pakong thermal
units to Orimulsion firing is implemented, a detailed Environmental Impact Assessment
must be performed, addressing potential impacts and how they will be reduced to
acceptable levels. This section contains brief discussions of potential impacts and the
mitigation strategies that will be employed.
The conversion of the thermal power plants at Bang Pakong to Orimulsion use
will incorporate measures to control environmental impacts on air, water, and land. The
design and operation of the conversion will have to include features to mitigate these
potential impacts to levels within the applicable standards. The emissions as measured
at the plant exhaust points must be acceptable, and the overall impact must be such that
the plant does not cause ambient air and noise and local water quality standards to be
violated. In the discussions which follow it is assumed that the converted units will
have to comply with the standards for new oil fired power plant.
All potential issues will be addressed by the incorporation of systems and
operations designed to reduce any impact to levels lower than those required by
Thailand's environmental protection standards. The following sections discuss the
applicable standards, the sources of potential pollution, and the mitigating systems.
Main point is to refer to fuel oil operation for Orimulsion replacement.
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3.2 Air Emissions
The air emissions standards for a new oil fired power plant with an output
greater than 500 MW as promulgated by the Pollution Control Department (PCD) of
Thailand's Ministry of Science, Technology, and the Environment, are:

Table 3.1. Emission Standard and Orimulsion Emissions.
Pollutant

Emission Standard Value

Orimulsion

320
180
120

90
<120

Sulfur dioxide (ppm*)
Oxides of nitrogen (ppm as NO2)
Particulates (mg/m3)

* Sulfur dioxide 1 ppm means emission particle 1 million particles have Sulfur dioxide 320 particles.

The reference conditions for these quantities are 25 °C at 760 mm Hg, with excess air
of 50% or excess 2 at 7%, and dry basis.
While it can be argued that Orimulsion could be subjected to the standards
applicable to coal plants, it was conservatively assumed that the more stringent
standards for new plants firing fuel oil would be applied to the conversion of the Bang
Pakong thermal units.
In order to limit airborne emissions, the Bang Pakong conversion will include
ammonia injection, enhancement of the existing dry electrostatic precipitators (ESP is
the equipment used for filtering contaminant from exhaust gas from industries. Today,
dust particles larger than 10 micrometers in size can be efficiently filtered out of
industrial emissions. These electrical dust collectors can purify massive streams of
waste gases at a rate of up to several hundred thousand cubic meters of air per hour.),
wet flue gas desulfurization (FGD is the equipment used for reducing concentration of
SO2 in exhaust gas before blow out to ambient air.), and wet ESPs.
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The 2.85% sulfur content of Orimulsion necessitates the addition of FGD
systems at Bang Pakong. Nearly all the sulfur in the fuel is converted into SO2 by the
combustion process, although some are converted to SO3. Without FGD systems, the
concentration of SO2 at the plant exhaust points would be approximately 1800 ppm,
adjusted to the reference conditions. The proposed FGD systems will have a removal
efficiency of 95% reducing the exhaust concentrations to approximately 90 ppm,
adjusted to the reference conditions. This is substantially below the emission standard
of 320 ppm.
The SO3 created in the boilers will be treated by adding ammonia to the flue gas
prior to the dry ESPs. This will convert the SO3 to ammonium sulfate more than 90%
of which will be captured by the dry ESPs. Further removal of SO3 and ammonium
sulfate in the FGD systems and wet ESPs will lead to levels of 2 ppm or less actual
weight percent equivalent SO3 in the exhaust gas stream.

Figure 3.1. Electrostatic Participators (ESP) (Courtesy Siemens Munchen).
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The concentration of vanadium in Orimulsion 400 is approximately 310 ppm.
The vanadium is oxidized into a range of compounds, which tend to form complexes
with oxides of other metals, particularly those of magnesium. Some of the magnesium
which helps form these complexes is present in the fuel originally (the fuel contains
approximately 10 to 20 ppm magnesium by weight), but most of it may be added at the
burners or in the furnace to raise the melting temperature of the ash and thus prevent
the formation of adherent corrosive vanadium oxide deposits,
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vanadium/magnesium complexes from low density fly ash that is readily removed by
the dry ESPs. The dry ESPs FGD and wet ESP are expected to maintain the total
particulate and SO3 aerosol loading at the exhaust stream to well below the required
120 mg/Nm3.

Figure 3.2. Flue Gas Desulfurization (FGD) (Courtesy Gannett Fleming Inc.),

Oxides of nitrogen (N0x) are produced in a burner when the nitrogen in the air is
oxidized by the high temperatures, and when nitrogen in the fuel is oxidized during the
combustion. Because of the high water content of Orimulsion, it burns with a lower
flame temperature then heavy fuel oil. This reduces the amount of NOx produced by
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oxidizing the nitrogen in air entering the furnace. However, the nitrogen content of
Orimulsion is relatively high so that the combustion process will still result in
generation of significant quantities of NON. The conversion will include those features
required to reduce NO levels to the levels required of new oil fired power plants. This
will be done by using low NO burners, specially designed to minimize oxidation of
atmospheric nitrogen, and additional measures as needed. These measures may
include: burning at sub stochiometric mixtures followed by the addition of air higher
in the furnace (over fire air) to reduce the formation of NOR; or reburning which both
allows the main burners to produce less NON; or reburning which both allows the main
burners to produce less NO and provides for reduction of the NO produced in the
main burners.

Figure 3.3. Low NOx Burner (Courtesy The University of Edinburgh.).

3.3 Waste Water
The Bang Pakong plant discharges treated waste water to the Bag Pakong River.
This river is designated as a Class 3 Water Way. A Class 3 Water Way is one which
contains medium clean fresh water which can be used for consumption after passing
through conventional treatment and is suitable for use in agriculture. The river
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becomes brackish in the vicinity of the plant so that the designation may not be
appropriate at this point. The standards for a Class 3 Water Way are shown in Table
C.1.
The standards for discharges from industrial facilities are shown in Table C.2.
The major potential impacts of the conversion on discharges of contaminated water
result from the FGD systems and the potential for Orimulsion spills. The FGD
systems will use a total of about 400 m3/h of water. It is expected that the major
portion of this amount which is used to cool (quench) the flue gas before it enters the
absorber portion of the FGD system, will be drawn form the Bang Pakong River. The
remainder which would be used for rinsing the gypsum produced by the FGD would
be taken from the plant's potable water supplies which are drawn from Bang Bor
and/or Bang Phra reservoir supply systems.
A waste water treatment system will be provided to treat the waste water
produced by the FGD. Soluble salts will be washed out of the gypsum cake and the
drained water will be recycled to the extent practical. Some of the water must be
discharged as waste water to keep the chlorine concentration within prescribed limits
for the gypsum. The waste water from the FGD is expected to have a very high
suspended solids content, which has to be reduced to about 50 mg/1 before discharge.
This will be accomplished by means of gravity clarifiers addition of chemicals,
flocculation, sedimentation and sludge removal. The waste stream from the FGD will
be further treated as necessary so that when combined with other steam from the plant
final discharge will be in compliance with the standards contained in Table C.2.
The wet sludge from the treatment systems will be dewatered and disposed of as
solid waste in landfills.
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Any Orimulsion spills on land will be contained and cleaned up using methods
similar to those used for heavy oil. All storage vessels will be surrounded by dikes
which will contain any spills. Submerged and bruied pipelines have a long history of
safe and reliable use for sale and reliable use for the transport of oil. Similar designs,
materials, and construction methods will be used for the Orimulsion pipelined.
The submarine and land transport pipelines will be run under ground to prevent
damage. The entire lengths of the lines will be inspected annually internally. Frequent
inspections will be made of the land based pipeline to determine if leakage is
occurring. The pipelines will be sectionalized so that any leaking portion of a line can
be isolated.
The behavior of Orimulsion during a spill into the aquatic environment has been
studied extensively. The degree to which Orimulsion remains a suspension which
dissolves in the water or coagulates into a highly viscous mass depends on the salinity,
temperature, concentration of Orimulsion, and the turbulence of the water in which the
spill occurs. To recover spilled Orimulsion, the general approach in to promote
formation of a coherent bitumen layer which can then be contained and removed by
booms and skimmers. Specially designed equipment has been developed for treating
Orimulsion spills. The equipment includes floating centrifugal pumps which
incorporate features to promote agination and aeration in the affected water which
stimulates the formation of a floating bitumen layer. The equipment also includes
booms with curtains which descend three meters below the surface of the water in
response to sink and disperse below the surface. A variety of mechanical skimmers
may be used to recover the viscous bitumen from the floating layer created by the
aeration and agitation.
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Figure 3.4. Spills of Orimulsion and Skimmer.
(Courtesy FlemingCo environmental Co, Ltd)

Unrecovered Orimulsion is more likely to disperse and less likely to adhere to
feathers and vegetation then heavy oils and so is much less likely to cause significant
immediate harm to birds and shore vegetation.
Bitor, the subsidiary of PDVSA (Petroleos de Venezuela) responsible for the
production and sale of Orimulsion, is very conscious of the importance of spill
prevention in maintaining Orimulsion's standing as an acceptable fuel. Because of
this, Orimulsion may be shipped only in double hulled vessels, less than ten years old,
whose crews meet appropriate standards. For example, Bitor specifies requirements
for the ability of the crew to communicate in a common language, a key criterion for
safety. Bitor also specifies that each ship carry US $1 billion in liability insurance.
Over thirty million tons of Orimulsion have been shipped with no significant incidents
reported.
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3.4 Solid Wastes
3.4.1 General
Four types of solid products are generated when Orimulsion is burned: bottom
ash, economizer ash, fly ash and FGD gypsum. The quality of bottom and fly ash
depends on the amount of magnesium injected into the boiler, the unburned carbon and
residues in the fuel.
3.4.2 Bottom Ash and Economizer Ash
Experience to date indicates that the quantities of bottom ash and economizer ash
are very small. The Bang Pakong thermal plants are expected to produce on the order
of 100 to 200 tons per year. These bottom and economizer ashes will be removed
through the existing clean-out openings into dumpsters and then pneumatically loaded
into the fly ash silos, mixed with the fly ash, granulated and shipped out for processing
and heavy metal recovery.
3.4.3 Fly Ash
Dry ESPs were installed on all four units in 1997. To assure that gypsum
produced in the FGD systems in suitable for wallboard production new dry ESPs will
be added in series with the existing ESPs to attain the required fly ash removal rate.
All four units will generate about 3 tonnes of fly ash per hour. At an average capacity
factor of 73.5%, the amount of fly ash produced will be about 19,000 tonnes per year.
Ash from combustion of Orimulsion contains complex compounds of vanadium,
nickel, sodium, magnesium and other metals. Disposal in landfills is expected to be
objectionable due to environmental concerns, and is therefore not recommended.
Currently, most of the plants operating on Orimulsion collect the ashes (bottom,
economizer and fly ahs) and send them to processing plants for recovery of nickel and

33

vanadium. Bitor operates such plant in UK where ashes from Asnaes Unit 5 are
processed.
Air products and Chemicals Co., of Allentown, Pennsylvania, USA have done
research on using Orimulsion fly ash as an additive to asphalt. Orimulsion ash added
(up to 5% by weight) to asphalt improves the stiffness and shear strength of the binder
thus increasing the durability of road surfaces in high temperature environments.
Potential sale of ash as an additive to asphalt should be explored in the future.
3.4.4 FGD Gypsum
The FGD system will be designed to produce high purity gypsum. The plant is
estimated to produce about 750,000 tonnes of gypsum per year. Annual demand of
wallboard in Thailand is around 140 million square meters. About 1.3 million tonnes
of gypsum are needed to produce the wallboards used in the domestic market.
Thailand is also a major exporter of wallboard to countries in Southeast Asia, and also
export to Europe and North America.
Preliminary discussion with BPB Thai Gypsum Products and with Lafarge
Prestia has indicated that each of these companies could take all the gypsum produced
at Bang Pakong. Therefore the gypsum produced at Bang Pakong will not require
disposal.
3.5 Noise
The major additional sources of noise from the conversion of the Bang Pakong
thermal units are associated with the FGD systems. At the plant site the limestone
handling and crushing equipment, the booster fans, and the gypsum filtrate extraction
systems are all potential sources of additional noise. These sources will be addressed
using the same approaches that have been used successfully in similar applications at
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power plants around the world. Low speed motors and fans, baffling, location of
equipment away from plant boundaries to the extent possible, and similar approaches
will be used to maintain off site noise levels below the prescribed limit of 70 dBA.
The transport of limestone to the plant and gypsum from the plant via trucks can
present a substantial source of increased off site noise. Approximately 17,000 truck
shipments of limestone encompassing 250 kilometers one way will be required
annually. Truck noise outputs should be maintained in compliance with applicable
standards, and preferably substantially below them to reduce the overall impact along
the route from the mine to the plant. Another option would be to use rail or barge
transport to drastically reduce or eliminate truck mileage.
The gypsum produced by the Bang Pakong plant could replace more than
700,000 tons of gypsum currently being mined in Northern Thailand and shipped more
than 300 km to a wall board plant at La Chabang. Thus conversion of the Bang
Pakong thermal units could eliminate the need for approximately 15,000 long distance
truck shipments of gypsum. Thus, in evaluating the impact of the trucking from the
conversion one should consider that the resulting reduction in truck mileage for
gypsum transport would be comparable to half the truck mileage required for
limestone transport.
3.6 Safety
The major safety issues with liquid fuels involve spills, ash, fire/explosion
hazards.
Periodic removal from boilers using Orimulsion requires special precautions
because of the high levels of nickel and vanadium present. The Asnaes Unit 5 a 640
MW unit firing Orimulsion in Denmark is operated and maintained successfully while
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complying with the extremely stringent Danish rules for occupational health. There,
maintenance staff working inside the boiler and handing the disturbed ash are dressed
in sealed protective clothing with independent air supplies. Similar provisions could
be made at Bang Pakong, if deemed warranted.
Orimulsion is considered non flammable at even the high ambient temperatures
experienced in Thailand. Even when Orimulsion is stored for long times, the space
above the fuel does not become filled with explosive or even flammable vapors. The
water is the more volatile component of the emulsion so that avoiding vapor spaces in
storing Orimulsion is aimed at preventing evaporation of water and subsequent loss of
stability of the suspension.
3.7 Conclusion
From the result of environmental study above, the fuel meet all standards.
Environmental Impact Assessment is the regulation for every power plant which must
be approved before the project starts also considers any impacts on those required by
Thailand's environmental protection standards. The main items which are the must
items, Orimulsion properties can be certified.
Air Emissions analysis mainly for Sulfur Oxide, Standard is 320 ppm but
Orimulsion firing and utilized FGD to control Oxide of Sulfur to be 90 ppm after pass
wet ESP the emission at stack is about 2 ppm. It's in the acceptable range. According
to Low NO„ burner technology, NO), is controlled to very few; almost none of them.
Waste Water, We can not flow out waste water from the power plant directly to
Bang Pakong River. It will be accomplished by means of gravity clarifiers addition of
chemicals, flocculation, sedimentation and sludge removal. The waste stream from the
FGD will be further treated as necessary so that when combined with other streams
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from the plant, final discharge will be in compliance with the standards.
About solid waste, there are 4 categories; bottom ash, economizer ash, and fly
ash can use for land filling or road paving and FGD gypsum will be sold to
downstream Wall board industries (Gypsum board).
Noise, the equipments in the power plant are similar to conventional power
plants. Noise is lower than 70 dBA.
Safety, Orimulsion is considered non flammable at even the high ambient
temperatures experienced in Thailand. It can not self explode form high ambient
temperature.
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IV. ECONOMIC FEASIBILITY STUDY

4.1 Methodology and Assumptions
The methodology employed in the economic evaluation of conversion to
Orimulsion of the Bang Pakong Thermal Units is based on determining the differential
cost of operating the units firing Orimulsion as compared to operation with natural gas.
The evaluation assumes that the annual plant energy output in MWh/yr will be the
same whether the units operate on Orimulsion or on natural gas. Differences in unit
net electric output are compensated for by adjustment of the capacity factor. "Total
annual savings and the net present value of savings were calculated."
The capital costs for the Orimulsion case include only costs for plant
modifications needed to enable operation on Orimulsion. These costs cover boiler
modifications, new in-plant Orimulsion handling systems, additional dry ESPs, ash
handling and granulation systems, new wet limestone FGD systems, new stacks,
limestone and gypsum handling systems, electric power supply for the new equipment,
foundations and civil works, relocation of water treatment equipment and of
maintenance and machine shops, and other plant auxiliary systems.
The continuing operation of the plant firing natural gas, which is used as the
reference case, assumes no additional capital investments. Since investments for life
extension of existing equipment would be made regardless of whether the plant
operates on Orimulsion or on natural gas, for purposes of this comparative evaluation,
such costs were not included for either the base or the Orimulsion conversion cases.
Annual fuel costs take into consideration the unit price of fuel delivered to the
plant, the plant energy generation and the net plant heat rates. Heat rates include a 3%
allowance for to provide for differences between design and test conditions, and actual
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operating conditions. Fuel prices were escalated over the period of evaluation. Gas
price, escalation of 2 percent per year, PTT's prediction of future gas prices was
utilized.
The Orimulsion price delivered to the plant consists of three components. The
price of the fuel FOB at the port of loading in Venezuela, the shipping price from
Venezuela to the SPM (Single Point Mooring) located in the Gulf of Thailand and the
price of transportation and storage from the SPM to the Bang Pakong power plant.
Delivered fuel price reflects all investment costs in the fuel delivery system.
For purposes of comparison between Orimulsion and natural gas firing, only the
incremental operating and maintenance costs, that is those associated with the FGDs
and other additional equipment provided for Orimulsion firing, were considered.
O&M costs for operating the balance of plant, such as turbine island and auxiliary
systems that were not affected by the conversion, were not included in the evaluations,
because they are the same regardless of the fuel used.
The economic evaluation uses the following economic factors:
Commercial Operation Dates (COD) on Orimulsion: (Base on project Implementation
Schedule)
(1) Unit 1 January 1, 2009
(2) Unit 2

July 1, 2009

(3) Unit 3 January 1, 2010
(4) Unit 4

July 1, 2010
April 2004

Capital Cost Base Year
Reference Annual Capacity Factor on Gas

72%

Reference Annual Capacity Factor on Orimulsion

73%
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Economic Life, Years

20

Capital Replacements

0.3%
10%

Present Worth Discount Rate

4%

Construction Escalation Rate (Thailand CPI 2004)
Construction Interest Rate

10%

Tax Life for Depreciation, Years

20
0%

Income Tax Rate (Government)
Unit Cost

Unit Costs in Year April 2004

Escalation Rate

(1) Natural Gas, $/MMBTU HHV (PTT)

3.32

2%

(2) Orimulsion $/MMBTU HHV

2.02

0.5%

15

4%

3

4%

(3) Limestone, $/tonne
(4) Credit for Gypsum, $/tonne
(5) Added Fixed O&M, $1000/yr

6,000

4%

(6) Insurance

0.6%

0%

Plant Performance Parameters (Bang Pakong Power Plant)
(1) Net Plant Output Gas, kW

2,219,312

(2) Net Plant Output, Orimulsion, kW

2,186,299

(3) Net Plant Heat Rate Gas, BTU/kWh (HHV)

9,563

(4) Net Plant Heat Rate Orimulsion, BTU/kWh (HHV)

9,825

Replacement Plant
10,000

(1) Net Plant Heat Rate
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Project discount rate is referred to Nam Theun 2 (NT2) hydro power plant
project discount rate which was evaluated by World Bank to use 10% discount rate
base on Thailand Economics. Nam Theun 2 will start operate at the same year as Bang
Pakong plant; it's also in power plants list of the Power Development Plan (PDP) of
EGAT would be constructed at the same period.

5.1

Emu) n c Assumptions

The
analysis

has std the following economic basis for the real resource

* All costs exclude internal fiscal transfers (e.g. taxes, duties, a
•

All values are expressed in constant US dollars of 2003

* The discount rate is 10% real

Figure 4.1. Nam Theun 2 (NT2) Hydro Power Plant Economics Assumption.

Orimulsion price escalations refer to US. CPI (Consumer Price Index) 2004 in
fuel category Table H.1. During the unit outages for modifications to accommodate
Orimulsion firing, it is assumed that the generation lost will be produced at another
(replacement) plant. The added cost of this generation is included in the evaluation
shown in column Replacement Generator.
4.2 Capital Cost
The total project capital cost to convert all four Bang Pakong thermal units to
Orimulsion was estimated at 710 million US dollars. It includes modification of the
steam generators; addition of Orimulsion in-plant handling systems; new flue gas
treatment systems; new stacks; material handling for ash, limestone and gypsum;
electric power supply for the new equipment; instrumentation and controls; water and
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waste water treatment and civil/structural works. Capital costs of the fuel supply
system are not included here because the delivered fuel cost reflects these investments.
Steam generator modifications include new low NOx burners; addition of
sootblowers, enlargement of the steam air preheaters, plasma spray coating of furnace
walls, addition of superheater and reheater surfaces and auxiliaries associated with
these modifications.
4.3 Fuel Costs
The price of Orimulsion fuel received at the plant consists of the following three
components:
(1) The price at the point of loading on ship in Venezuela,
(2) The cost of ocean freight from Venezuela to Thailand,
(3) The cost of receiving the fuel in Thailand, storing it and delivering it to the
power plant on an as needed basis.
4.4 Operating and Maintenance Costs
Operating and maintenance costs include the additional labor and supervision,
spare parts and consumables which are needed to keep the plant functional.
It is estimated that plant O&M staffing will increase by 40 people. They include
supervisors, engineers, operators, maintenance workers and unskilled labor. The
increase of plant staffing is mainly for the new flue gas treatment equipment and for
limestone, ash and gypsum handling.
Consumable materials include ammonia, magnesium hydroxide, lubricants,
water, small tools, abrasives, reagents, chemicals, etc. The O&M costs also include
spare parts and an allowance for outside contracts for specialized overhaul and repair
work.

42

4.5 Results of Economic Analysis
This analysis was made using projections of natural gas prices provided by PTT.
The results of this analysis are presented next page. The levelized generating cost
savings are $0.00959/kWh.

Table 4.1. Economic Evaluation Data Calculation Detail.
EXISTING CASE
Fuel Consumption Gas

= Energy Output (MWh/yr Gas)
=
13,997,648
=
133,858,859 MMBtu/yr HI-IV
Annual Gas Cost Existing Case = Fuel Consumption Gas(MMBtu/yr HHV)
=
133,858,859
479,214,714 $1000/yr
=

x Average Heat Rate Gas (Btu/kWh) HHV
x
9,563
x Gas Cost (S/MMBtu HHV)
x
3.58

CONVERSION
Energy Output MWh/yr Gas
Net Output each
Generation Unit (kW)

Unitl
Unit2
Unit3
Unit4

Gas
531,144
531,144
578,512
578,512

Orimulsion
521,544
521,544
571,604
571,604

Year 2008 Gas 4 Units

= (2 x 531,144 x 0.72 x 8760 + 2 x 578,512 x 0.72 x 8760) / 1000

= 13,997,648 MWh/yr

Year 2009 Gas 3 Units
Orimulsion 1 Unit
Replacement Plant

= (1 x 531,144 x 0.72 x (0.5 x 8760) + 2 x 578,512 x 0.72 x 8760) / 1000
= (1 x 521,544 x 0.7309 x (0.5 x 8760) / 1000
= 13,997,648 - 8,972,599 - 1,669,579

= 8,972,599
= 1,669,579
= 3,355,467

MWh/yr
MWh/yr
MWh/yr

Year 2010 Gas 1 Units
Orimulsion 3 Unit

= 1,824,396
= (1 x 578,512 x 0.72 x (0.5 x 8760) / 1000
= { (2 x 521,544 x 0.7309 x 8760) + (1 x 571,604 x 0.7309 x (0.5 x 8760)) } / 1000
= 8,508,150
= 3,665,102
= 13,997,648 - 1,824,396 - 8,508,150

MWh/yr

Replacement Plant

Year 2011 Orimulsion 4 Units = (2 x 521,544 x 0.7309 x 8760) + (2 x 571,604 x 0.7309 x 8760) / 1000

= 13,997,648 MWh/yr

Fuel consumption
Fomular in Calculation.

Energy(MWh/yr) x Heat rate(Btu/kWh)/1,000 = Fuel con(MMBtu/yr)

Year 2008 Gas 4 Units

= 13,997,648 x 9,563 / 1000

=

133,858,859

MMBtu/yr

Year 2009 Gas 3 Units
Orimulsion 1 Unit
Replacement Plant

= 8,972,599 x 9,563 / 1000
= 1,669,579 x 9,825 / 1000
= 3,355,467 x 10,000 / 1000

=
=
=

85,804,554
16,404,115
33,554,690

MMBtu/yr
MMBtu/yr
MMBtu/yr

Year 2010 Gas 1 Units
Orimulsion 3 Unit
Replacement Plant

= 1,824,396 x 9,563 / 1000
= 8,508,150 x 9,825 / 1000
= 3,665,102 x 10,000 / 1000

=
=
=

17,446,613
83,595,109
36,651,020

MMBtu/yr
MMBtu/yr
MMBtu/yr

Year 2011 Orimulsion 4 Units

= 13,997,648 x 9,825 / 1000

=

137,531,062

MMBtu/yr

Annual Fuel Cost S 1,000/yr
3.58 $MMBtu
Gas
2.06 $MMBtu
Orimulsion
Fuel Cost each year is from Fuel Consumption multiply by Fuel Price each year.
CALCULATION OF SAVING
NPV of Saving $1000
Energy Output MWh/yr
Levelized savings $per kWh
Saving Baht/yr

Calculate from difference of Total Cost operate by Gas and Orimulsion each year.
NPV(10%,year 20052025) = 1,100,740
Convert to present value of Energy output.
NPV(10%,year 20052025) = 114,800,478
0.00959
1,100,740 / 114,800,478 =
0.00959 x 41.5 x 13,997,648 / 1,000,000 = 5,569.86
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V. CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions
The overall concept of conversion is to add Orimulsion firing capability to the
existing Bang Pakong thermal units. The concept requires a retrofit of the existing
steam generators to accommodate additional firing of Orimulsion in an
environmentally acceptable manner
The project proposes to deliver Orimulsion from Venezuela using very large
crude oil carriers (VLCCs), up to 300,000 DWT double hulled vessels, to the Laem
Charbang port. From the storage tanks, Orimulsion would be pumped through a 60
km overland pipeline, generally along the existing railroad, to Bang Pakong. Some
equipment have to be added for plant modifications for technical feasibility to operate
the plant with this fuel such as low NOx burner, soot blower, ESP and FGD.
About the environmental consideration, new ESP will be used for fly ash
control to increase ash removal efficiency of existing ESP. The high sulfur content of
Orimulsion, the addition of flue gas desulphurization (FGD) will be utilized.
Gypsum, which would be produced in large quantities as a by-product of
desulphurization process, is a valuable product which can be sold for use in domestic
wallboard production or for export. It's an additional income when operated with
Orimulsion. Emissions of uncontrolled air pollutants from combustion of Orimulsion
are not fundamentally different in character from those of other fossil fuels and the
same commercially available control technologies can be used to control air emission.
To control NOx, all steam generators will be retrofitted with low NOx burners with
overfire air supply to bring NOx emissions levels in compliance with current
emission regulations. For SOx controls, high efficiency (about 95%) FGD units with
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one absorber per two boilers will be installed, followed by wet electrostatic
precipitators to reduce SO3 in the flue gas to less than 2 ppm.
Economic evaluation revealed that we can save $0.00954/kWh. Annual
generation to electricity consumption with this power plant is 13,997,647 MWh. It
means saving about 5,000 million baths per year.
The result indicates that the conversion of Bang Pakong units to Orimulsion is
technically feasible, environmental acceptable, and is also economically attractive.
The project could be implemented according to the studies.
5.2 Recommendations
This project is a feasibility study for three main points which are the must items
before start to implementation of the project but the actual method for feasibilities
study on government project have to deeply consider on international regulations for
importing fuel from outside source and tax. Technical details should be analyzed base
on other Orimulsion plants in the world and grasp all of technical problems
information for consideration. The sensitive equipment affecting Orimulsion
transportation have to be strongly advised to contractors before bidding and filtration
system also have to inform every contractor which responded to concern fuel filters;
mesh size would not be finer than 740 micron. Storage Time of the fuel should not be
over 4 months. Steam generator specification have to conduct simulating tests by
designers before utilizing the fuel or if they already have the details about the same
specification currently used by other plants, we should study about that.
This type of fuel is never used in Thailand before, the project owner have to
provide the knowledge to civilians around the power plant to make them understand
on environmental safety. The emission that reveals on the study, we have to measure
the actual emission data when commissioning the power plant to adjust emission
46

control equipment to meet emission standards although SO3 has been controlled but
amount of SO2 in nearby power plant has to be measured after power plant start
commercial operation. For gypsum board profit, we have to contact Gypsum Board
Company and make the contract about trading it as downstream business but the real
purpose is to release the solid waste from power plant. During construction of the
submarine pipelines we have to consider the safety among ship traffic around the
Laem Chabang Port. Project owner together with Port Authority of Thailand will
have to consider.
Economic analysis assumed that project owner pay the investment cost at one
time but on the actual cost is divided with dept and equity for economic evaluation.
The interest rate would be reconsidered based on the period of implementation for
more accuracy on present worth value; sensitivity analysis would be further studied.
The fuel cost is varied, based on world petroleum prices. We consider escalation but
some time the price is shock increased by world news report or terrorist action, this
project will be more attractive because this kind of fuel is an alternative.
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APPENDIX A
ORIMULSION FUEL
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Orimulsion Production Process.
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Figure A.2. Viscosity of Orimulsion and Heavy Fuel Oil.
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Figure A.3. Apparent viscosity of Orimulsion 400 in pipe flow at shear rates typical of
most handling applications.
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Plant and Unit

Country

Date in Service

Size

Dalhousie 1 & 2

Canada

1994

105 +215 MW

Asnaes 5,

Denmark

1995

640 MW

Elektrenai

Lithuania

1995

150 MW

Kashima Kita 1 & 2

Japan

1991 & 1994.

2 x 110 MW

Osaka 4

Japan

1994

150 MW

Shiriuchi 2

Japan

1997

100 MW

Fiume Santo 3 & 4

Italy

1999

2 x 320 MW

Brindisi 1 & 2

Italy

1997

2 x 660 MW

PR China

1997

2 x 100 MW

Shengly

Figure A.4. List of Orimulsion Users.
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APPENDIX B
ORIMULSION TRANSPORTATION PLAN

Figure B.1. Mooring.
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'Fluid swivel
'Turntable
Bearing
Buoy hull

ivloonng Hawser

Floating hose
Chain stoppers

Figure B.2. Terminal Components.
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58
Orimulsion Tank Farm.

Discharging. \
750,000 tonnes
Stock Level

from VLCC

average 550,000 tonnes

400,000

Lowest Stock 150,000 tonnes

Time

Figure B.6. Orimulsion Storage Level Management.
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7
RAILROAD

.. • HANG PAKONG

CHON BUM

GULF OF
TH AIL A ND

ORIMUISION PIPELINE

LAEM CHABANG

Figure B.7. Orimulsion Supply to Bang Pakong Power Plant Pipeline Route.
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APPENDIX C
ENVIRONMENTAL AND SAFETY CONSIDERATION

Table C.1. Surface Water Quality Standards.
Parameter
1. Color,odor,taste
2. Temperature
3. pH
4. Dissolved
5. BOD(5 days,20 °C)
8. NH3-N
9. Phenols
10. Copper (Cu)
11. Nickel (Ni)

Units
°

C

mg,/1
mg/I
mg/1
mg/I
mg/I
mg/1
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Standard Value Class 3
N/A
< 3 rise
5-9
4
2.0
0.5
0.005
0.1
0.1

Table C.2. Standard Discharges from Industrial Facilities.
Units
1. pH
2. Total Dissolved
Solids (TDS)

3. Suspended solids
(SS)

Standard Values
`'"•••• .........

malI

mg/I

4. Temperature
5. Color and Odor
6. Sulphide ( as H ZS)
7. Ctanide( as HCN) mg/I
I1
8. Fat, Oil & Grease mg/I
(FOG)
9. Formaldehyde
10. Phenols
11. Free Chlorine_
12. Pesticides
13.
Biochemical
Oxygen
Demand
(BOD)
14.
Total Iledahl
Nitrogen (TKN)
15. Chemical Oxygen
Demand (COD)
16. Heavy metaisg

mg/I
mg/I
mg/I
mg/I

mg/I

5.5-9.0

•

not more than 3,000 mg/I depending oil
receiving water or type of industry under;
consideration of PCC but not exceed
5,000 mg/I

•

not more than 5,000 mg/I exceed TDS of
receiving water having salinity of more
than 2,000 mg/I or TDS of sea if discharge
to sea

ot more than 50 mg/I depending on receiving
water or type of industry or wastewater treatment
system under consideration of PCC but not
exceed 150 mg/I
not more than 40
not ob'ectionable
not more than 1.0
ot more than 0.2
ot more than 5.0 mg/I depending of receiving
ater or type of industry. under consideration of
PCC but not exceed 15.0 mg/I
not more than 1.0
sot more than 1.0
ot more than 1.0
not detectable
not more than 20 mg/I depending on receiving
water or type of industry under consideration of
PCC but not exceed 60 mg/I
not more than 100 mg/I depending on receiving
water or type of industry under consideration of
PCC but not exceed 200 mg/I
ot more than 120 mg/I depending on receiving
ater of type of industry under consideration of
PCC but not exceed 400 mg/I

,

Table C.2. Standard Discharges from Industrial Facilities. (Continued)
1. Zinc Zn

ot more than 5.0
ot more than 0.25
ot more than 0.75

. Coeper (Cu)

mg/1

. Cadmium
Barium (Ba)

mQ/I

igq_.

Nickel (Ni)
Manganese (Mn)
10. Arsenic (As)
11. Selenium Se
12. Mercury (Hal

_NA

m9/1
r719/1
m•I
m9/1
m /I

ot more than 2.0
ot more than 0.03
ot more than 1.0
ot more than 0.2
•4IP• • :SW= J1
ot more than 1.0
ot more than 5.0
ot more than 0.25
ot more than 0:02
ot more than 0.005

,

Remark: 1) PCC Pollution Control Committee

2)The standards were summarized from the Notification of the Ministry
of Science, Technology and Environment, No. 3, B.E. 2539 (1996) and
it specifies that pollution sources that the above standards are to be
applied are factories group II and III issues under the Factory Act
B.E.2535 (1992) and every kind of industrial estates.
3) Notification of the Pollution Control Committee, No. 3, B.E. 2539
(1996) dated August 20, B.E. 2539 (1996) has issued types of
factories (category of factories issued under the Factory Act B.E.2535
(1992) that are allowed to discharge effluent having different standards
from the Ministerial Notification No. 3 above as follows
1. BOD up to 60 mg/I
o animal furnishing factories (category 4 (1))
o starch factories (category 9 (2))
o food from starch factories (category 10)
o textile factories (category 15)
o tanning factories (category 22)
o pulp and paper factories (category 29)
o chemical factories (category 42)
o pharmaceutical factories(category 46)
o frozen food factories (category 92)
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2. COD up to 400 mg/I
o food furnishing factories (category 13 (2))
o animal food factories (category 15 (1))
o textile factories (category 22)
o pulp and paper factories (category 38)
3. TKN
O 100 mg/I - effective after 1 year from the date published
in the Royal Government Gazette of the Ministerial
Notification No. 4
O 200 mg/I - effective after 2 year from the date published
in the Royal Government Gazette of the Ministerial
Notification No. 4 for the following factories:
1. food furnishing factories (categOry 13 (2))
2. animal food factories (category 15 (1))
Sources:

1.

Notification the Ministry of Science, Technology and Environment,
No. 3, B.E.2539 (1996) issued under the Enhancement and
Conservation of the National Environmental Quality Act B.E.2535
(1992), published in the Royal Government Gazette, Vol. 113 Part
13 D, dated February 13, B.E.2539 (1996)

2. Notification the Ministry of Science, Technology.and Environment,
No. 4, B.E.2539 (1996) issued under the Enhancement and
Conservation of the National Environmental Quality Act B.E.2535
(1992), published in the Royal Government Gazette, Vol. 113 Part
13 D, dated February 13, B.E.2539 (1996)
3. Notification of the Pollution Control Committee, No. 3, B.E. 2539
(1996) dated August 20, B.E. 2539 (1996) issued under Factory
Act B.E.2535 (1996), published in the Royal Gazette, Vol. 113,
Part 75 D, dated September 17, B.E. 2539 (1996)

Regulations of Industrial Pollution Control Facilities
1. The following industrial plants must have supervisors and machine
operators take responsibility for the system of prevention of pollution.
Qualifications for these individuals are specified in section 2 below.
a) An industrial plant discharging waste water at a rate of more than 60
cubic meters/hour (with the exception of cooling water) or having a BOD
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load of influent higher than 100 kilograms/day.
b) An industrial plant using heavy metals in its production process
discharging wastewater at higher than 50 cubic meters/day and having a
heavy metal content in the discharged waste water at the following values:
1. Zinc higher than 250,000 milligrams/day
2. Chromium higher than 25,000 milligrams/day
3. Arsenic higher than 12,500 milligrams/day
4. Copper higher than 50,000 milligrams/day
5. Mercury higher than 250 milligrams/day
6. Cadmium higher than 1,500 milligrams/day
7. Barium higher than 50,000 milligrams/day
8. Selenium higher than 1,000 milligrams/day
9. Lead higher than 10,000 milligrams/day
10. Manganese higher than 250,000 milligrams/day
c) An industrial plant dealing with iron and steel:
11. Using dry furnaces or acids or other substances which may be
polluting the environment in the production process with capacity of
more than 100 tons/day.
12. Using steel smelters with the total capacity of 5 tons/batch.
d) An industrial plant producing 100 tons/day petrochemicals from the raw
materials obtained as by-products of the oil refinery in the production
process.
e) An industrial plant of any size separating or producing natural gas.
f) An industrial plant producing chloralkali, using sodium chloride (NaCI) as
a raw material in the production of soda ash (Na2CO3), caustic soda
(NaOH), hydrochloric acid (HCI), chlorine (Cl2),and bleach (NaOCI) with
separate or combined production more than 100 tons/day.
g) An industrial plant of any size producing cement.
h) An industrial plant engaged in ore smelting or production of metals with
production of more than 50 tons/day.
i) An industrial plant producing paper pulp with production more than 50
tons/day.
j) An industrial plant of any size engaged in crude oil refining.
2. The supervisor and machine operators responsible for pollution
control system shall meet the following qualifications:
a) The supervisors must be holders of a bachelor degree in engineering or
chemistry or other branches of study with experience in the field of
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environment, and who has been approved by the Department of Industrial
Works. In the case of an Engineering Consulting Firm, it must be operated
by person(s) having the above qualifications.
b) Machine operators must have a secondary education but can be lower
than those in (a) above.
c) The persons stated in (a) & (b) above must register themselves with the
Department of Industrial Works and comply with all regulations and
procedures of the Department of Industrial Works.
3. Factories mentioned in article 1.1 to 1.10 above must arrange to
create and submit every three months Poisonous Matter Analysis
Reports to the Department of Industrial Works according to its
standards. Analysis must be carried out by a government laboratory
or in a private laboratory approved by the Department of Industrial
Works.
Source:

Notification of the Ministry of Industry, No. 13 B.E. 2525 (1982), as
amended in No. 22 B.E. 2528 (1985), issued under the Factory Act B.E.
2512 (1969), published in the Royal Gazette, Vol. 99, Part 89, dated Jun
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APPENDIX D
BANG PAKONG PLANT MODIFICATIONS
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Generator-Vertical Cross-Section.

Figure D.2. Steam Generator-Plan View.
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Figure D.3. NOx Reduction Concept Of PM Burner.
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Figure D.4. NOx Reduction Concept of AA.

70

Excess Air
Ratio
Xo > 1.0

Excess Air
Ratio
XR < 1.0

2ry Air

1 ry Air

Weak Flame
(Premixed Flame)
'Corm Flame
(Diffusion Flame)
,-24surner
Conc Flame
(Diffusion Flame)
Weak Flame
(Premixed Flame)

Figure D.5. Low 1\10x PM Burner.
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Figure D.6. Burner Operation.
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Additional installation
of lry Ril

2
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(Note)
This modification plan shall be used for reference only.
The plan for actual modification should be separately studied based on results of site survey and
performance measurement of the existing boilers, which anal be carried out before the mortificl+Tion.

Figure D.7. Additional Installation of Reheater.
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APPENDIX E
PROJECT IMPLEMENTATION SCHEDULE
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ECOMONIC EVALUATION
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APPENDIX G
NAM THEUN 2 ECONOMIC ASSUMPTION

5 ECONOMIC EVALUATION
The objective of this chapter is to evaluate whether NT2 is a part of the least-cost
generation expansion plan for meeting future regional electricity needs when it is
evaluated using the real economic cost of 'the resources required. The cost-risk
analytical framework outlined in Chapter 4 is applied to give a comprehensive.
probabilistic answer to this question which systematically incorporates the range of
uncertainties — construction costs, load growth, fuel prices assumed in this study to
face the regional electricity sector in the coming years.
Section 5.1 summarizes the basic assumptions adopted for system expansion planning.
Section Si presents Base Case results, Section 5.3 reports the results of the cost-risk
analysis. Section SA discusses the sensitivity of results to changes in specific variables.

5.1 Economic Planning Assumptions
5.1.1 Basic Economic Assumptions
The World Bank has specified the following economic basis for the real resource
analysis of NT2:
•

All costs exclude internal fiscal transfers (e.g taxes, duties, and subsidies)

•

All values are expressed in constant US dollars of 2003

•

The discount rate is 10% real

•

The MUV index (a UN index of the unit value of manufactured exports
from G-5 industrial countries to developing country markets, expressed in
US dollars) is used as the price deflator to restate future year prices in real
2003 US dollars the MUV index averages 1.2 percent per annum through
2015. and a constant rate of 1.5 percent is assumed diereaker. Thai
inflation is assumed to be a constant 2.25 percent, the rate currently
adopted by EGAT.

An exchange rate of 42 Thai Bak per US dollar was used for planning purposes. The
standard assumption of purchasing power parity (PPP) is adopted to estimate the
exchange rate in future years based on the above-noted differential inflation
assumptions.
•

Figure G.1. Nan Theun 2 Economic Assumption.
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APPENDIX H
U.S. CONSUMER PRICE INDEX
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