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ITEM EQUIPMENT TAG Equipment Information
1 3608-F-01 In - Plant Power Generation Waste Heat Recover Unit
2 3608-F-02A Sales Gas Compressor Turbine Waste Heat Recovery Unit
3 3608-F-02B Sales Gas Compressor Turbine Waste Heat Recovery Unit
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paENTARIE
H5u919A09lionas WPS.PQR, WQT @519 1M1%0 Skin Temp. (Hasteloy) il
&
AJALYDY
Electrodes and filler metals for furnace tube skin thermocouple
Tube material Skin temp element
TP-310 TP-446 Hasteloy-X
Carbon steel ER309 1) Alloy 82 (AS5.14 ERNCr-3) | 1) Alloy X (AS.14 ERNiCrMo-2)
2) ER309 2) Alloy 556 (A5.9 ER3556)
3) Alloy 82 (A5.14 ERNICr-3) |
AUAVITATIUT O
Item Description Actual Work Requirements

1 Weld Joint Groove weld

2 Weld Process SMAW, GTAW, SMAW+GTAW

3 Weld Orientation All Positions - 4G (Plate), 6G (Pipe)

4 Base Metals P-No.1, P-No.8, P-No.1 + P-No.8

5 Filler Metal F-No.43

5 Product Form Plate & Pipe

6 Plate Thickness 1.5-10 mm.

Range
7 Pipe Size (NPS) 2” to Unlimited
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1. SCR(Selective Catalyst Reduction) Process

1.1 SCR System

The selective catalytic reduction (SCR) system is the most advanced NOx-reduction technology. SCR system is
technology that can remove NOx by converting to Nitrogen and water using ammonia or urea at 200 ~ 450°C. SCR

has following advantages.
» Catalytic reduction of NO and NO- in gaseous phase
» High NOx removal efficiency with low ammonia (NH3) slip concentrations are possible
» Lower ammonia (NH3) consumption compared to other NOx removal systems
» Large range of applications with respect to process, fuel and flue gas temperature

» No generation of waste product

This reaction is a surface reaction of NO and NO, with the additive NH; according to the following reaction

mechanisms:
Catalyst
NO + NO; + 2NH; > 2N, + 3H,0
200 ~450 C
Catalyst
4ANO + 4NH; + O, > 4N, + 6H,O
200 ~450 C
Catalyst
2NO; +4NH; + O, > 3N, + 6H,O
200 ~ 450 C

Following is detail reaction steps.
1. NHj; is moved to catalyst surface and absorbed by catalyst in gas flow
2. NO and NO; spread and react with NH3 in gas flow

3. Catalyst restore activity by spreading Oxygen to catalyst surface

46 /179
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1.2 SCR Catalyst

De-NOx catalyst has been produced many shapes and manufacture methods. There are two common type of
catalyst. Fist one is coat catalyst raw material to metal or ceramic. Second one is produce Honeycomb shape
catalyst by extruder using catalyst raw material. In our company NANO produce SCR catalyst in Honeycomb
shape which

1) Has excellent performance in De-NOx

2) Has low pressure loss after installed

3) Has high capacity in exhaust gas process

4) Can prevent erosion by exhaust gas dust

5) Can reduce operating cost of catalyst by consider catalyst regeneration

NANO SCR catalyst block has length and width and then cross section (DxD) is 150 mm x 150 mm. NANO is
possible to produce SCR catalyst in various length (L, 300 ~ 1,100mm) and cell types (18 ~ 40cell). There could be
Erosion in catalyst surface by fly ash because Honeycomb catalyst is produced in multiple steps (mixing, kneading,
shaping, drying, and firing). But it can maintain original performance because product is made by catalyst raw

material. And honeycomb catalyst has high durability and can be regenerated, so it is economical.

v

Picturel. General Shape of NANO SCR Catalyst (Honeycomb)

477179
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Picturel A. General Shape of NANO SCR Catalyst (Honeycomb)

Picture 1A is detail shape of NANO SCR Catalyst (Honeycomb) and ‘p’ is pitch, cell opening is ‘d’, outer wall

thickness is ‘to’, inner wall thickness is ‘ti’.

1.3 Material Used

SCR Catalyst (Honeycomb) is efficient in reduction of NOx which is made by TiO, V20s, and WOs. Using V,0s as

active element is well known in SCR reaction and TiO; reduce SOx reactivity when there are SO, and Oxygen.

V,0:s has relationship in SO, oxidation and catalyst activity. So V,0Os content is maintained in low when SO»

concentration is high in exhaust gas. WO3; and Molybdenum is used to prevent SO, oxidation, and improve catalyst

acidity, activity, and stability. Molybdenum is used for prevent catalyst inactivity if there is As compounds in

exhaust gas.

48 /79
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1.4 The Module

In order to prevent damage and increase ease of movement, SCR catalyst is delivered in module as picture 2.
Usually catalyst module contains 72 catalyst blocks (12 in width, 6 in length), and buffer is used between catalyst
blocks to induce at high temperature as likes picture 3.
Module is designed in sufficient strength to sustain heavy contents and high temperature. And it is manufactured to
lift easily in installation.

- Assembly Method of Module : Welding or Bolting

- Module Material : Carbon Steel (SPHC)

- Buffer : Ceramic Paper

- Sample Coupon Material : Carbon Steel (SPHC)

Picture 2: Catalyst module (including top cover grates with net)

Carbon

Steel

Catalyst

Buffer

Picture 3: General catalyst arrangement in module

49 /179
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2. Catalyst Design Philosophy

2.1 Choosing the Optimum Catalyst

Selection of the lowest possible catalyst volume (investment cost) with lowest possible pressure drop (operating
cost) and a lower SO, to SO; conversion rate (operation and maintenance impacts) is the punch line when it comes

to choosing the catalyst.

In order to approach the optimum solution there are certain possibilities that need to be properly verified in order to
satisfy the design requirements:
< Chemical composition : According to the required properties of the catalyst the Vanadium content is varied
in order to have either highly active catalyst (with the disadvantage of high SO, to SO3 conversion rate) or
less active catalyst (with a low SO» to SO3 conversion rate).
< Surface of the catalyst: The larger the surface per cubic meter of catalyst, the smaller the volume required
to achieve certain performance. In order to have a certain geometric surface the numbers of cells per
element are varied.
<> Mass of catalyst: The higher the mass of catalyst with a given composition, the higher the SO, to SOs
conversion. In order to decrease the mass of catalyst thin walls are required. This has also the positive side

effect that the pressure drop of the flue gas passing through a thin walled catalyst is minimized.

2.2 Various experiences in supply of catalyst application

NANO, the special company in SCR catalyst, has successfully developed 100% of the essential core technologies
for the production of SCR catalyst in term of raw materials, equipments, and process technology. Based upon these
self developed technologies, NANO is supplying SCR catalyst in global market. Since 2003, NANO is supplying
SCR catalyst for thermal power plants and shipbuilders, incinerators and boilers, etc. NANO takes advantages of

SCR catalyst development and improvement based on feedback of supplier which has good relationship with

NANO.

50/79
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2.3 Catalyst Sample Testing

It is recommended that the catalyst samples be tested every maintenance period at NANO Laboratory. The catalyst
sample can be forwarded to our office at Jinju & Sangju (Korea). These samples should be packed in a wooden box

for safe transportation to Korea.

A catalyst sample testing would involve a standard catalyst activity test in one of NANO’s Micro-reactor and
Bench-reactor. More detailed testing can be performed on the catalyst samples, if deemed necessary. The results of
the testing would be interpreted by comparing the absolute K value and the Ko value for the measured as well as the

theoretical value. The catalyst activity and remaining life can be predicted by using these results.

51779
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3. Quality Assurance

3.1 Quality Assurance during production

The production process at our production facility involves numerous quality assurance steps as described in the
actual QA plan (Test and Inspection plan). The QA procedures used at this facility are in line with the proven
corporate procedures that have been used for several decades. With these QA procedures, every single element ever
produced in this facility can be tracked for its manufacturing history.

The serial number stamped on the raw catalyst element after it is extruded, can track the manufacturing as well as
the raw material history.

The complete production process and the quality assurance procedures are in accordance with the ISO 9001

certification, which have been awarded to NANQO’s Factory, Korea.

3.2 Quality control of the catalyst

Production catalyst samples are tested in NANO’s laboratory to assure the guaranteed performance and the
customer’s quality specifications. The catalyst samples are tested for:
» activity
SO; to SOs conversion rate
geometrical configuration
compression strength
erosion resistance

specific surface

YV V. VYV VYV V

pore size distribution

The scope of the quality control tests depends on the given guarantees and the frequency of these tests are given in

the QA plan.

52779
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1. Transport Instruction

For over-sea transport the catalyst modules are packed in 20 ft or 40 ft box containers.
Air ride equipped trailers / trains have to be used for land transport.
The orientation of the catalysts has to be horizontal for better protection during the transport.

That means the catalyst is delivered in a lying position. But it is changeable case by case.

In the following we want to describe how we pack the containers for over-sea transport.

This is an example of an already delivered job and should describe the principal way of packing only. Therefore it
could happen that for your project the arrangement of the modules in the container looks a little bit different.

1.1 Wooden Packing for Module

1) Wrap the module to protect from moist, and then lay down for wooden packaging.

, 54/179
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3) Wrap the all of the module and then start wooden packaging.
4) Place handling care mark and heat treatment mark.
5) Finishing wooden packaging.
‘ 55/79
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6) Mark product number and company logo.

7) Place CAT mark and product specification.

8) Complete 1% and 2™ steel bend.

cweeniw NN INNEDE=E  jimw
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9) Complete wooden packaging

1.2 Packing the Container

1) Air Bags or Woods are placed one behind the other against the front, end and side wall of the container.

They are being used as “stoppers”.

57179
59/81
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2) Place the modules into the container and fasten 4 products together.
3) After place 16modules, fixed in container.
4) Place last 17th module, and bend together.
, 58/79
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5) There will be woods at the bottom of module to prevent movement of module

7) Place silica gel and dehumidifying agent.

8) After install all of modules, install wood stopper in entrance, then close container door.

‘ 59/79
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2. Storage Instruction

We recommend installing the catalyst modules directly after the arrival at the site.
If this cannot be done the catalysts can be stored without any damage or loss of quality on condition that the below

mentioned storage instructions are followed.

2.1 Storage before Installation

General Information

To protect the catalyst during transportation the modules are covered with Shrink plastic and fixed to a pallet. Do
not remove this plastic and pallet during the complete storage period. Please take care that the modules will not get
wet. Usually during storage no other but visual checks of the catalyst are necessary.

In case that the shrink-wrapping is damaged, it has to be repaired with adhesive tape to protect the modules from

water.

Storage in Container

If you like to store the catalyst in the containers which are used for shipment, you have to buy or rent (short term
only) them. However you have to announce it before booking of the transport. But please note, that for each

container a relatively high hire-charge has to be paid on a day-to-day basis.

Storage in Storage Building

The best way to store the catalyst modules is in a storage building.

You can store the catalyst modules on the pallet at most 2 layers high.

Storage Out-door

We do not recommend storing the catalyst modules out-door.
In case you have no other possibility it is acceptable for a short period.

The modules still have to be packed as delivered (with the shrink plastic and on a pallet).

60/79
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You can place the modules on the ground (concrete foundation) and cover them with big and heavy plastic sheets.

Please take care that the module will not get wet.

2.2 Catalyst in the Reactor

Conditions in the Reactor before First Startup

In this case the catalyst modules are already installed in the SCR reactor but the first start up (flue gas through the

reactor) did not take place.
There are no special conditions of humidity or temperature which you have to meet.

Only the catalyst must not get wet.

61/79
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3. Preservation Instruction

3.1 caution at storage

Module should be store and transport in packaged. Module packaging should be removed right before installation
All of module should be store in indoor before shipping. After shipping, store module at temporary storage based on
site situation, and do not get damaged module by water or rain.

Module should be store in correct direction, and do not change direction.

Packaged module should not expose to water, oil, and other chemical. Avoid moisture place even it is indoor.
Packaged Module should be not impacted, specially avoid impact during loading and unloading. And you should
minimized impact during transportation.

Packaged module should be placed on flat. If floor is not flat, there could be change in module.

Packaged module is necessary periodic maintenance. If there is other situation, please confirm immediately to
producer.

There could be water after unwrap packaging, but it is natural phenomena, and there is no defect in product.
Moisture at atmosphere could rust steel module, but these rust do not affect catalyst performance. And it is not

necessary to remove rust.

3.2 Caution of indoor and temporary storage

Module should be stored place which can prevent water inflow, and there should be ventilation. It is good to open
door or window except rainy day.

It is good to store module in single layer, but for module strength, safety, packaged module should store no more
than second floor because it can cause damage to module.

If there is impact in stored module, there could be defect and fallen, so it is necessary to restore in safe.

Delayed in installation could defect module by others, so it is good to install in short time.

1.2.3 Consideration in moving and handling

Catalyst transported in carbon steel module. So remove packaging right before installation.

62/79
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Loading and Unloading should be careful, any kind of impact can defect catalyst. So installation should be carefully.
There should be no transportation and lifting at rainy day.

Person should not work on top of module. After installing wire mesh, take working space to prevent contact with
catalyst. After grating, set up additional wire mesh to prevent defect in catalyst at sealing and piping work.

At sealing and piping work, do not fall down hard object which can cause catalyst defect.

Do not move two modules at same time with folk lift. There could be fall down accident, so move one by one.

63/79
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1.

Catalyst Maintenance Activities

It's necessary to observe the following maintenance activities:

>
>

Vacuum cleaning of catalyst every outage period.
Checking of catalysts and sealing every outage period.

No gap between catalyst module and sealing is allowed.

Evaluation of catalyst activity and SO,/SO; conversion rate every year is recommended (measured in a micro

scale).

Measurements of NHj3 in flue gas every 6 months are recommended.

Measurements of NHj; in fly ash (slip) 1 time per week. A normal value for NH3 in fly ash has to be verified

during the start up.

If there are deposits, it is recommended to clean the SCR-reactor during every long period without operation.

This could be done with an industrial vacuum cleaner.

1.1 Sample Catalyst handle

For taking samples of the catalyst every module has a test element in a separated box. To remove this test element,

use the attached handle.

No additional special tools are necessary for replacing the test elements.

1.2 Spare Parts

No spare parts are necessary except the spare test elements.

1.3 Exchange of Sample Catalyst

It is recommended to test every maintenance period the catalyst performance at NANO’s laboratory in Korea.

The best way to control the activity of the catalyst is a catalyst test on a special test facility (Micro or Bench reactor).

Therefore test modules with sample elements are installed.

65/79
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Every test module has 1 test element and they were completely replaced by spare elements which are part of our
delivery.

For taking out these test elements only a special handle which is also part of our delivery has to be used, no further
special tools are necessary.

For one complete catalyst performance test we need 1 test element.

Generally we recommend taking out every maintenance period 1 sample of each reactor.

Start with the first layer in the middle of the cross section. Continue with the first layer close to the middle. When
all samples from the first layer are changed continue with the second layer.

Do not forget to record all positions of already exchanged samples.

Take every time another sample which is in the reactor since the start up.

21 catalyst samples are part of this scope of supply. That means with this amount you have the possibility to control
the catalyst activity over 10 years.

The only information which is needed from the operation is if the plant is running according the contract and what

are the actual operating hours.

66/79
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2. Minimization of Catalyst Damage

The operation temperature should never be higher than maximum continuous operation temperature.
In case of normal operation do not inject ammonia at temperatures lower than minimum continuous operating
temperature.

» It is recommended to inspect the SCR-reactor during every maintenance period.
It is recommended to vacuum the SCR-reactor during every period with bypass-operation, when the
temperature in the reactor drops below condensation temperature. Enter the reactor as soon as it is safe to do so
and vacuum dust deposits from the face of the catalyst.

» The catalyst must not become wet.

» Avoid “popcorn” ash (coarse particles)

It is necessary, that coarse particles do not reach the catalyst.
They have to be removed before the SCR reactor.

67/179
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3. Startup and Shutdown Procedure

During startup or shutdown of the SCR-reactor the temperature ramping rate has to be not higher than 100 °C/min.

This heat up rate for the catalyst is valid for a cold, warm and hot start up.

3.1 Precaution by Startup

When the catalyst reaches a temperature at the inlet and outlet of minimum operation temperature the safety valve
for the ammonia opens. After that the control valves opens and starts to control the amount of injected ammonia

respectively starts to control the NOx emission.

3.2 Precaution by Shutdown

First step of the SCR shutdown is to close the ammonia safety valve right away or latest at the minimum operation

temperature.
Normally during shutdown the boiler will be flushed with fresh air.
The SCR reactor will be flushed together with the boiler. No remaining flue gas is allowed.

Except this, not special precautions are asked.

68/79
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4. Prevention from moister due to long time stopped

In order to prevent catalyst inactivity and strength, catalyst should not be contacted with moister.

(Wetting due to rain and condensation during shut down)

Consideration at shut down
1) Stop the ammonia injection when gas temperature below minimum operation temperature.
2) Stop of ammonia injection should be before SCR operation shut down.
3) Adjust ammonia injection when NOx concentration is lower in flue gas.
4) Before SCR shut down, inject air to remove ammonia and to prevent plugging in nozzle.

During shut down, temperature changes should be below 60°C/min.

Recommendation to prevent wetting
1) During shut down period, don’t wash with water and blow steam soot. (But it is possible to use
confirmed washing solution based on plan )
2) There should be no leaking from soot blower.
3) During management do not wet the catalyst by opening man hole or loading door.

4) Prevent from wetting the catalyst by covering vinyl sheet on tube washing.

It is necessary to clean and check SCR reacting area after shut down or maintenance to prevent plugging from
outside material. And it has to be checked after long term shut down whether it is properly operate (example Fan,

Flow, Shut off valve, analyzer)

69/79
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5. Handling Details for the Catalyst Modules

Please pay attention on the following:

Catalysts are ceramic materials and might brake if mechanically overstressed. Handle with care.

For unloading, handle carefully.

Do not push or let the modules drop.

70779
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1. Arrival at Site

After arrival at site the catalyst modules are removed from the container by a forklift. If they will be stored in a
warehouse, they should be taken there immediately. The modules can be stored 2 layers high in order to avoid the
use of too much storing space. For detailed information please see the storage instructions.

If the catalyst modules are immediately installed into the reactor and the weather is good remove the plastics sheets

right at the unloading area. In case of rain or damp conditions remove sheets inside the reactor.

2. Unloading Period and Persons

To offload one 40 feet container (17 modules) takes about two hour.
Number of needed person :
» Two persons at the container in charge of moving the modules to the right position by a hand forklift truck.

» One person in charge for unloading modules by a forklift truck from the container to the storage area.

In case of a dock facility you do not need moving the modules with the hand forklift.

3. Preparation work

Install in the SCR reactor a working platform blow the level, were the catalyst would be installed.

72179
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4. Removal of the packaging

Immediate installation at delivery

Dry weather or a roof provided the packaging can be removed completely after unloading. In case of rain or snow,
attention must be paid to the fact that the modules are not allowed to get wet and have to remain packed until they

are brought to the installation area. Only if the module isn't exposed to rain or snow anymore the packaging can be

removed.

When the plastic sheets are removed during installation of the catalyst, please check the modules.

In case there are some small areas with rust flakes, there is no need to remove them. Rust is not poisonous for the

catalyst. If you still like to remove this rust, use an electrically or pneumatically driven steel brush before installing

the module in the reactor.

Storage after delivery

Please see Storage Instructions.

5. Turning of the Module

As mentioned before if the catalyst is delivered in lying position, therefore the modules have to be turned by 90° in

the upward position. Thus, Catalyst module has to turn into its correct installation-position using turning device.
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6. Lifting of the Modules

The lifting device is the connecting part between the hook of the hoist and the module.
1. Hook the lifting device to the crane before connecting the lifting device to the module.

2. Check the clevis of the lifting device or fix the attached clevis. Fix the four clevis of the lifting device to

the module.

3. Fix the lifting device to the module by connecting the 4 shackles with the corresponding lifting lugs.
4. Then insert the hook and lift the module.

5. Make sure that all safety measures are followed that apply to hoisting heavy machinery and equipment.

7. Moving the Modules in the Reactor

1.  Before starting to load the catalyst modules in the reactor, the monorail-lifting device must be installed
and operational. Additional install in the SCR reactor a working platform blow the level, were the
catalyst would be installed.

2. The lifted module can be transferred safely from the lifting hook to the monorail hook outside the
reactor door using the same lifting device connected to the module. Then the module is moved into the
reactor by operating the monorail device.

3. Proper care must be taken to install each module according to the tolerances and locations specified in
the certified installation drawings. A catalyst loading car is a useful device to bring the catalyst module

in its final position.
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4.  Each of the delivered modules shows a specific number on its outer wall. To guarantee an easy trace-
back and to meet the quality assurance requirements we recommend recording on which position of the
reactor which module had been installed.

5. Continue with the next level of modules.

6. It is recommended that the modules are loaded from top layer to bottom layer.

7. A special care must be taken in protecting the installed catalyst during activities like welding, grinding
or gas cutting above the catalyst layers. The protection such as fire blankets should be used to protect
catalyst from damage during any inside the reactor welding, grinding or cutting. Use of plastic sheets or

any other combustible material in protecting the catalyst is strictly prohibited.

8. Installation of the Steel-seals

After positioning the modules inside the reactor the gaps between the modules respectively modules and reactor
wall have to be sealed to prevent the flue gas to bypass the catalyst. The installation of the Sealing System has to be

carried out in the following order:

1. Installation of the reactor wall-to-modules seals by stitch welding to both —reactor wall and modules
2. Installation of the module-to-module seals (on the long side) by stitch welding to modules

3. Installation of the module-to-module sealing plates (on the wide side) by stitch welding to modules
4. Connection of longitudinal and transversal seals by continuous welding

5. Remove monorail, close the door and install the door seals.

6. After the last row and the door seals, check for completeness of the work.
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9. Installation of the Cover Grates

The cover grates allow you to go on the modules without damaging the catalyst.
It is not a protection against plugging by fly ash or pop corn ash!

As soon as the installation of the catalyst modules is completed the cover grates are put in place - one cover grate on

top of one module.

In case of maintenance activities as for example vacuuming the catalyst or replacing of the test elements the cover

grates can be easily lifted.

10. Catalyst Replacement Procedure

Pre-Unloading Preparations

Before removal of the catalyst modules, the following should be confirmed :
1. The weather is suitable : dry and not too windy
2. There is no dust, slab, etc., inside duct and on the beams of catalyst support structure.
3. The electric hoist is ready for operation
Before unloading the catalyst modules, the following actions should be taken.
1. Confirm condition of stage and monorail for catalyst modules lifting.
2. Catalyst access doors of the SCR reactor should be open.

3. Set the safely net in the reactor
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Removal of Seal Plate and Dust Cover

Remove the dust cover and seal plate on the catalyst module.

Unloading used Catalyst Module

The unloading order of used catalyst module is in reverse of loading one.

Loading fresh Catalyst Module

After used catalyst modules is unloaded, fresh catalyst module is loaded into the reactor.
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