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Background

The objective of the project is to promote small biomass power plants in rural Thailand for sustainable
renewable energy management and community involvement. The capacity of the proposed biomass
gasifier based power plant will be 250 kWe.. Two biomass gasifier systems, each with capacity of 125 kW
will be provided to produce the required power output of 250 kWe. The proposed site was Phrae district in
Thailand. The project was aimed to use bamboo waste produced from the chopstick industries in Napoon.
The nodes of bamboo produced as a biomass waste from these industries are suitable for biomass
gasification and power generation. The bamboo waste (Nodes) available from the industries is freshly
harvested and having moisture content above 50%. A detailed study was carried out to estimate the
biomass potential at the site, (team members from TERI, University of Chiang Mai and UNIDO Thailand.
During the feasibility study the team had meetings with local administrations and briefed about the
features of the new technology of gasification. Later, there were several queries regarding the
environment aspects of the system in context of the regulations in Thailand. The queries were answered
based as and when, as per the requirements and status of the technology. Several changes were
incorporated in the design of the gasifier systems to address the issues related to the local requirements.
Few of them are improv‘ed ash removal system, mechanized fuel feeding system and fuel dryer. The
system to be supplied will be able to produce 250 kW. of power (3 phase, 415 V). The beneficiary want to
supply the power produced in local grid. In this case it is required additional grid interface equipment, to
pump the power in to the local grid. TERI

There were several queries from UNIDO Thailand, on issues and possible solutions related to the
proposed biomass power plant. In February 2015, there was a communication from UNIDO Thailand, that
there will be a change in the proposed site due to grid compatibility. The sustainability of biomass
availability and its suitability for gasification need to be analyzed critically, before finalizing the proposed
project site.

This is an interim progress report, which consists of the design improvements and other activities carried
out, after submission of the first progress report, in April 2014. The important communications (with
questions and answers) related to the various aspects of the projects are provided as annexures (1 -5} to
this report. Design of additional compoenents, worked out after submission of the first progress report is:

¢ Mechanized fuel feeding system

¢ Improved ash removal system

¢« Adryer for biomass using the engine exhaust

¢ Information related to vendor to support the beneficiary for grid interface activities

[



Introduction

During the field visits, the beneficiary in Thailand was informed about the proposed technology and its
salient features through a presentation, in presence of the representative from UNIDO, Thailand.
Subsequently, since February 2014 TERI has been receiving several queries from UNIDO, Thailand. The
quires can be broadly categorized in three different categories. They are (i) Design features of biomass
gasifier system, (ii) Details of the civil structure and (iii} Role clarification in work components of different
stakeholders. In the first progress report, most of the queries were addressed in details. Thereafter
another set of questions were addressed to TERI on which were answered as addendum to the first
progress report. At this point of time new coordinator has taken charge in Thailand who wanted further
clarification on civil construction and fuel handling system. A set of environment regulation was received
on 4th April 2014. Another document was received on 15 may 2014. Another announcement on
environment regulation was received on 31st July2014. All this issues were addressed adequately in the
progress report and in the addendum to the first progress report. Further clarification was provided related
to several questions on 25th August 2014. Starting from 28th February 2014 till 15th August 2014 we
have been addressing the queries to the earlier coordinator as well as newly appointed coordinator to the
project in UNIDO-Thailand. There was a substantial delay in finalizing the civil structure due to the
uncertainty of the proposed site. As a result of this, the civil construction work is not yet initiated, on
ground. There is a need to expedite the civil construction work in order to complete the project without
further delay. Further, such delays cause adverse impact financially, as the cost of hardware goods/
materials keep increasing along with time. The manufacturer was informed to have adequate stock of
high temperature resistant materials to minimize the impact of the delay in fabrication in the overall
system cost. The fabrication of the gasifier system and purchase order for the genset will be initiated on

receipt of the civil work completion schedule and site finalization.

While waiting for the progress and information about the civil works at site, a mail was received from
UNIDO Thailand 3 Feb 2015. The mail from UNIDO Thailand refers that the project site, which was
selected earlier, during initiation of the project, is having issues due to grid compatibility. It was also

proposed for change of site as well as change of feed material.

1. Mechanized Fuel Feeding System

A biomass fuel feeding system was designed to minimize the human involvement in biomass feeding.
The feeding sysiem was mechanized and can be controlled using a switch provided with the feeder
system. The mechanical feeding system is a skip hoist which will enable to feed the gasifier at the
required frequency. Generally the gasifiers are fed once in 2 hours at its full load, operating conditions.
The skip hoist used for feeding the biomass, to be integrated with limit switches to operate the system

with safety and trouble free. The skip hoist has bucket elevator, which move vertically up and tilts the fuel



to the gasifier, through a fuel chute attachment. The fuel chute connects the bucket and the gasifier with
an appropriate slope for easy flow of biomass fuel. A sketch of the fuel feeding system is provided in

figure 1.
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Figure 1 A sketch of the mechanized fuel feeding system

The mechanized fuel feeding system needs to be installed vertically. It needs a foundation made of RCC.
The foundation drawing will be provided to the beneficiary, to carry the necessary civil works at site, prior
fo shipment.



2. Improved Ash Removal System

An improved ash handling system was developed to have a long duration operation. A secondary ash
storage pit is introduced in the design of the system to accommodate more quantity of ash. This
component will enable increased ash storage for continuous operation of the system. The improved ash
removal system can minimize the human involvement and frequency of ash removal. The ash removal

system will be incorporated with suitable equipment for easy handling.

Biomass
Gasifier
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Primary Ash
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Figure 2 Improved ash handling system

3. A Dryer for Biomass using Engine Exhaust

Moisture content in fuel wood affects the guality of the producer gas. Drying the fuel wood is a challenge
during winter and rainy season. Use of wet biomass above 10 % Moisture can lead to several problems
related to operation and maintenance of the gasifier. Waste heat from the engine exhaust, a potential
source of energy to dry wet biomass. Waste heat from the engine available from the exhaust is being

used to dry the wet biomass. The flue gas after the engine exhaust is at more than 350 °C. Efficient

4



drying of wet biomass can be achieved through the high temperature waste heat available from flue gas
of the engine. To overcome the problem of high moisture content, a dryer has been designed. A
prototype biomass dryer was made as per the design specifications and tested using engine exhaust.
Dried biomass can be removed from the bottom of the dryer by opening a slide door and a lock of a grill
door. To avoid any additional pressure drop to the engine exhaust, the drier was designed with a
minimum pressure drop across the drying bin and flue gas path(less than 50 mm WG). A sketch of the
dryer with the details of the components is shown in figure 3. A view of the dryer tested using the engine

exhaust is shown figure 4
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Figure3 A sketch of the proto type fuel dryer with its components



Figure 4 A view of the prototype biomass dryer connected to the exhaust.



4. Information related to vendor to support the beneficiary for
grid interface activities

A supplier for grid connection related equipment was identified and contacted. We had discussion with
the experts, who works on grid interface systems. The grid interface equipment supplier can be engaged
in installation and commissioning at the site. A quote was obtained and communicated to the beneficiary
for engaging the grid interface provider. Based on the interaction with the supplier, it was estimated that
the grid interface system will cost about US$ 60,000. This estimate includes grid interface panels,
controls, step- up-transformers, installation and commissioning charges. The beneficiary can include this

amount for estimation of the budget required for grid interface.

5. Conclusions

A detailed analysis of biomass potential was carried at the site, which was proposed originally, during the
initial phase of the project. The design of the biomass gasifier system with a capacity of 250 kWe  (2x
125 kWe systems) was completed. There were several enquiries about the system related to environment

and operation al factors. The questions were answered as per the features of the proposed system.

After submission of the first progress report, design of additional equipment was completed (like biomass
dryer, mechanized biomass fuel loading system and improved ash removal system). On 3rd Feb 2015, it
was informed (by UNIDO Thailand) that there is a change in the proposed site and fuels. Keeping the
producer gas engine or the gasifier related equipment in idle conditions for a long time may create
problem at later stage, while commissioning. To initiate the procurement of the equipment, it is important
to know about the finalized location, fuels to be used and compietion of civil construction with necessary

infrastructure at the proposed site.

To add more clarity on the project progress and status, the key points of several communications related

to the project are provided as annexures (1to 7).



Annexure 1 - Detailed reply for the questions received in April
and May 2015

Clarifications for the mail received on: 6™ April 2015

1.The detailed specification/dimension/weight of all machines such as gasifier reactors, gas cleaning
systems, bowers, motors, gas engine, etc. as shown in Figure 4 and 5 in TERI 1st progress report.
The chvl construction requirements along with the location of the sguipment are provided In the interim

progress report, (Annexure 7). A separate drawing on the foundation detail is atlached along with this

2. Piping system, does TERI prepare the piping system from India? or Will TERI purchase from Thailand
during the installation?

Complete set of pipeline required for gas iine {conneciing the gasifier equipment} will be provided along
with the system. Water line for the cooling fower and heat exchanger has o be provided at site as part of
the civil work. Electrical ling from the conlrol pane! 1o the individual equipment (Blowers and motors) and
Genset to the control panel aiso part of the oivih work. | request you 10 please go through all the reports
submitted so far, for more clarity about the system and the roll of TER] and beneficlary.

3. Refer to the Figure 4 in TERI! 1st progress report, our project partner wants to know what kind of
basement of each machine/equipment? Would you also provide us the dimension of basement of each
machine?

Please refer the civili construction reqguirements (annexure

4. For electricity supply during start up, you mentioned in section 3.3.5 of TER! 1st progress report, that it
needs power from grid at 8-9kW. Therefore, the project partner wants to know who will support the Power
control Panel and/or electrical system drawing? If TERI does not support the Power control panel and no
drawing for electrical line system, then, they will ask electrical engineer to design electrical system and
power line in this plant.

Clarifications for the mail received on: 8% April 2015

Thank you very much for vour photos.
In your photo, what are the differences between the Green engine and Enerton (blue box)7.
You are proposing the gas engine look like Enerton (Blue box), Right?




during the startup of the system. Hence, 2 small diesel genset (Enerton, in Blue box) is being used as 8
bake up 10 the system o produce the power, which is required to start the gasifier system. The Green
engine coupled with the alternator is the main unit. This engine 8 8 natural gas engine used to run on
producer gas (biomass gas),

7

As the grid power is available at site, the proposed system will not have any genset as a backup.

b

Clarifications for the mail received on: 22" April 2015

1) Does it need the specific room for this engine to reduce noise?

By the way, regarding to the grid interface system supplied by TERI as you mentioned in email on 11
October 2014. Please see the attachment.
| would like to ask you that:

The engines will be procured with acoustic cladding, which will take care of noise. Generally closed
rooms are not recommended for the engines, to have better ventilation. Regarding grid inter face pleass
see the answer {0 the next question

2) Can we use this system for connecting with grid for electricity supply in the plant before it is
produces by Gasification system?

Or 3) Does our project partner (Phrae PAO) has to buy the 3 phase Electrical system (Control box and
others accessories) separately?

The capacily of the biomass power plant is 1o produce 250 kWe (X125 k¥We). The power output from the
genset will be three phase power rated at 415 V AC. More details were provided in the eartier reply. The
same may be referred from the interim report, attached with this mail.

Tha beneficiary has to buy the interface system according to the local grid specifications. TERI has not

*m‘:{;{;;:a}m%ﬁz} any budget for grid inlerk . More details may be see z’@ m the First progress
goort and from the interim report.

é”%“;% %i\mct%e&m of gefting power from the grid for initial startup and providing the produced power o the grid

has w be perf f}nsaﬁ?{f ;}gi x;w interface a:{:en?mz anel.
éaufigaiémg relaied o the delailed enginsering design mailed
ontdih July 2014, which is pre :zsi&z*?m as annexure 5, in the altached report,

Clarifications for the mail received on: 4" &11" May 2015

Can we use Bamboo peHet in 250kW BGPP?
138




Annexure 2 - Communication: 13th February 2015

It was learned about the change of the originally proposed gasifier power plant site, in the middle of the
project (3rd February 2015). Enormous effort and hard work went on feasibility study and design of the
gasifier system to use bamboo and corn cob.

In the communication, it was proposed, change in biomass fuels, to be used in the proposed site
[Cassava waste (root), Top& Leaves of sugar cane, Para rubber wastes, Palm wastes (empty fresh fruit
branch)]. As it was communicated earlier, the gasifier reactor is designed to gasify biomass which has a
set of specific properties. The proposed biomass gasifier plant can be used with, any woody type biomass
waste (like bamboo waste, corn cob, coconut shell etc). The key parameters, which influence the
suitability of gasification, are Void fraction (space available in between the biomass particles), Bulk
density (weight of the material in kg/m3), carbon content and volatile matters.

Cassava roots may be a suitable fuel for gasification. Biomass waste from sugar cane and palm olive
fruit bunch belongs to loose biomass category which do not produce gas, which is suitable for dry gas
cleaning equipment. The gasifier designed to use biomass cannot support rubber waste gasification.

It is important to know about the availability of cassava root (tonnes per year) and the availability
of other agro residues like corn cob and coconut shell or bamboo waste. If needed, a study on
biomass potential assessment for gasification at the proposed location can be conducted for the
sustainable operation of the system.

Regarding the fabrication of the system, earlier communication (Dated 5" Aug 2014) may be referred. For
a quick reference, some of the relevant points from the mail sent on 5" Aug 2014,( in red colored font) are
copied here:

"The transportation and de wé*?}; of the proposed blomass gasifier plant was scheduled o be in December
23?4 However, fabrication an mm;@mza ton of the system is linked with the civil construction and other
i {ga srement at site, TERUs expert team shal

ei the buillding and io access the
mfmm;f“&%@d garlier the gasifier
vil structure 18 made ready for
ad and @2@3‘@@ for long period

=
&
k)
o)
I

zéc;es“:msmi HOY O
atidle conditions,

The fabrication of the system and procurement of the genset are linked with finalizing the location of the
site, biomass fuel, and schedule for completion civil sts’ucture Hence, it is suggested to mail the plan of
activity related {o the site preparation and completion of civil work (along with water supply and electrical
connections and grid interface), at the proposed site. This wzi I enable to start the fabrication and to finalize
the schedule for shipping of the system”,



Annexure 3 - Clarifications: 11th October 2014

The questions and answers
1. Does TERI start the fabrication of the gasification system and its equipment?

We have finalized the design of the gasifier and specs of the producer gas engine, as per the detalls
provided in the first progress report and in the addendum {0 the progress report. As communicated
egrlier, fabrication of the system, procurement of the genset and other equipment are lnked with
availability of civil structure and other infrastructure at sile. Hence, the fabrication of the system and
procurement of the engine is yet (o be inttialed. :

We would like [0 complete the project withoul much delay. More delay in the aclivities will have
financial implication on overall cost of the system.

2. Does TERI plan to ship the gasification system to project location in December 20147
Refer the answer o Question 1.

3. Does this system will arrive the project location in February 20157 If yes, then, Phrae PAO will find
the location to store these equipment before installation at new project location in December 2015.

Refer the answer 1o Question 1. We will be able to work out a revised schedule after receipt of the
detailed schedule of civil structure and other infrastructure availability at site. As we have writlen
earlier, oo much delgy on fabrication and procurement of genset and other eguipment will have
financial implications. We have 1o work oul a plan of action to minimize the financial implications.

4. Do you need to do the site visit to the new project location?

s
§

his depends about the detalled information available about the proposed site.

5. As you mentioned that the installation needs 4-5 weeks working period and required 8-10 person and
crane. Therefore, 250kW biomass gasification power plant will be installed during January-February
2016. This plant will start commissioning in March 2016. Is it correct? Please kind confirms.

with the ovil work and

e

7. 1do hope that the design of TERI biomass gasification power plant will not cause any accident.



¥ is important o w‘fﬁ%m‘za% the features of the proposed technology (details are there iy the first
prograss report and s addendum). Continucus questions and clanfications on environment and
others ssues Cﬁ?ﬁ%&\;@ the aclivities substantially. Once again we suggest that the person raising

i zhmag?z the report or formed about the technology difference provided in the

get more clarity about the system,

The proposed gystem is based on advanced gasification fechnology. The system is 1%@%@%@ oy
keeping the safety aspects, in priority.  The proposed gasifier will not be having any obstruction in
fuel feeding system fo hold fuel wood pieces. The proposed system will be having a ??E%C?léiﬁ%?i%@
loading system using a skip holst (from the ground level 1o the top of the gasifier). The gasifier
systern (s designed in such a way, that the operation of the system, including fusl loading is simple,
safe and easy.

However, the biomass power plant consisis of many motors, blowers, high temperature reactors and

heat exchangers. Hence it is important to be cautious when working with this equipment. The system

will be provided with an operation and maintenance manual. The operation manual will have a list of

instructions on "Dos and Don'ts”. In view of the safely aspect, it is important to follow the instructions
ovided in the manual as well as the instructions given during installation and commissioning.

Additional information
Related to equipment details:

We need to get more information related fo your queries on skip hoist and other equipment details, from
the manufacturer. | will send a separate mail related to equipment details.

Related to fuel availability:

The biomass gasifier can work with any woody biomass like corn-cob, bamboo-node, fuel wood etc.
There is a large potential for corn cob. Though it is seasonal one may work out a storage system to
bridge the gap.

Bamboo fiber waste belongs to the icose biomass category. its physical and combustion property will
vary a lot in comparison with loose biomass fuel. According to several technical issues a same gasifier
cannot work with solid biomass and loose biomass (individually or in a combination which has more loose
biomass like bamboo fiber). Densification of bamboo fiber will be more complicated and expensive than
fuel wood or corn cob. The gasifier may accept a small portion of bamboo- fibers mixed with bamboo
nodes. The combination of woody biomass and bamboo fibers are not yet experimented. Hence, the
exact combination can be arrived after installation with practical results.

it
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Annexure 4 - Clarifications: 25t August 2014

The answers are embedded in Red colored font

1. Please provide the function of RCC roof. He has question why do you need this type of roof.

in General gasifier systems are provided with 2 staircase and steel platforms. In smaller biomass gasifier
systems, fuel charging is done manually. the fuel wood is carried manually il top of the gasifier hopper
for loading, through a staircase. Manual lifting of fuel e:;&n be managed in smaller systems without much
difficulty. Whan # comes to larger systems where a large quantily of fusl needs o be handled, it
assential to ensure the convenience of the operators, %ﬂ%%nfzw it is proposed to build RCO roof to faciiitate
the fuel handling and charging activities.  There will be fuel handling and charging squipment located
atong with adequate access/working area for handling this equipment. If yvou want o go for a separate
store rooms and staff rooms half of the bullding can have the non-RCC roof using roofing shests with
suitable supporting structure. In such a case, the total area of RCC roof may be reduced to half.

2. What is the design of feeding system of biomass fuel to refill the gasifier? Please see the attachment.
The fuel feading arrangement of the attached diagram in the ppt. file (Ref your maill dated 15/08/2014)
shows the fuel feeding operation from the storage shed (o the gasifier top. | would Hike to bring to your
kind atlention that the fuel feeding system to be supplied by TERI will it the fuel from the ground level fo
the top of the gasifier for charging. Please refer the answers (i and v) for guestion No. 1 of the
addendum o the first progress report.

The fusl s ;}gﬁy a;’zagenmm includes procurement, storage and transporiation of the fuel tll the gasifier
power plant. To facilitate the beneficlary with ease in Qpem‘i on of the gasifier system, it was proposed
that a vertical skip-hoist will be provided next o the gasifier. The skip-hoist will iift the fuel from the

ground level to ) the t top of fuel hopper.

To add more clarit

=

£, z

The fuel from the fuel storage shed is taken in a trolley to the proposed fuel feeding system and the fuel s
unloaded in the solding bin of ‘ha kip hoist,

The m@i holding %m of the skip holst will be located below ground tevel {an g:i the top of the fuel holding bin

avel). T ?w from the froll cy can be directly t é, o the z‘f”i ho fé%r@g birn of
H bel fi@ﬁ by a chain drive and Bl lop of me gasifier (o charge the fusi

3. In Staff room is a control room, Right? Why do we need it at the second floor? Can we design the tools
room and staff room on ground floor?

4. Do generators have to install in special room for noise control?

i3



y %x%%»{ wall (for a height of 2.5 m} for the area marked for &%‘ﬁg%ﬁﬁi‘ and conlrol paneis (Please refer
? el ? of the first progress report)

the mf‘*gm@ Generally the engine room should have good ventilation, it (s also advisable (o have a single

5. Dose this building has a brick wall or metal sheet?

There is no brick wall required for the area referred for gasifier and gas cleaning squipment To protect
fler and equipment. a welded mesh struclure may be provided for a height of 3 M.

Brick wall may be provided for a height of 2.5 m for the area where the engine and conirol pansis ars
iocated (Refer the answer to Question No. 4}, Brick wall is needed for the staff room and store room.

During our wisit o the sile, we have given g delalled presentation along with guestion and answer
sessions. 13 good to get the doubls clarified at the intlal stage of the project However, the doubls
should be cleared in a short period The fabrication of the g&ﬁ? or system and procurement of other
aquipment s subsiantially delayed due to several mails seeking clarifications of various aspects. Delay in
the planned activities also has financial implications since the material costs are keeps on NCreasing
atong with time. Hope with these answers things will get clarfied and we can proceed with procurement of
the equipment nesded for the gasifier system and the genset.

he system specification and additional clarifications are provided in the first progress report and in the
addendum o the first progress report. H may be noted thal, m%% @3’ the answers for the questioned are
referred from these reports. Please go through them and it will provide more clarity about the g:»ﬁ:}gf:sgm
systam,

e
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Annexure 5 - Clarifications: 5% August 2014

Please find the embedded clarifications along with the questions.

Does TER! supply the wood chipper machine for this project? If not, What is the suitable
dimension/size of fuel and its moisture content? These parameters need to be controlled for using
any kind of biomass wastes for this gasification system in case the bamboo nodes are shortage.

Yes, TERI shall supply two fuel wood cutters (with circular saw, which is operated manually)

along with the gasifier system. The fuel size should not exceed 10 cm from any of the dimension
Le. length/ width/ height/diameter in order to maintain continuous flow of the fusl inside the
gasifier reactor. The moisture content in the fuel should be less than 10% for optimal operation of
the system.

Environmental impacts related to noise, air pollution, and any kind of wastes from Biomass
gasification system. Please find the list of laws and requlations of Thailand for TERI to make sure
those TERI Biomass Gasification system compliance Thai laws and regulations.

Concerns related to environmental impacts have been addressed in greater details in the first
progress report submitted to UNIDO on 24 June 2014, Further, if in case there are any further
clarffication required related fo the subject matler addressed beyond what is addresses in the
addendum of the first progress report, Kindly feel free to write to us.

Does TERI start fabricate the gasifier and other equipment?

TERI has completed following activities i.e. design of biomass gasifier. cleaning and cooling train,
identification of suitable engine, identification of gasifier manufacturer. However the order for
gasifier and the engine shall be placed only on the receipt of the second instaliment which is due
on submission of the first progress report. Though we have submitted the first progress report we
were unable to procead for seeking the second payment since there is chain of communications
with several questions, even afler submission of the addendum t© the first grogress report |
would like 1o bring fo your kind notice that engine supplier and the gasifier manufacturer shall
require at least 4 to 5 months for the supply of the same.

When do they plan to deliver the gasification system?
The transportation and delivery of the proposed biomass gasifier g;%af@% was scheduled |

Decamber 2014 %‘%@iﬁgevw fabrication and transporiation of %f'ze %yséﬁm 5 finked with the civil
N‘m?m:*m gm@ other | eéf"i% a8 ofcwm in 7 % e :ma irement at

ted in the Deen recaiving
£ CoP, ull July 20 in defining the
s stakeholders through has n:;é 3“3"?%3“?
his was causing difficulty in fi

,3
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vi.

vii.

viii.

i,

xii.

?h@ earfiest. This will enable us to start the fabrication and to finalize the schedule for shipping of
he system.

How long for installation gasification system at project location?

The installation and commissioning of the biomass gasifier power plant shall take about 4 10 5
weeks. However this may vary depending on the capacity of the local manpowsr and availabiiity
of other infrastructures for instaliation.

How many manpower required for installation? and who take care the cost of man power and
others cost during installation?

The manpower requirements for instaliation of the eguipment’s are two welders, two fitters and at
ieast 5-6 labors. A crane is also required for unloading the equipment’s and positioning in the air
marked space in the power plant. More information related to instaliation and commissioning are
provided after point XV,

Do they have any work plan as the above issues?
The response for the same is covered in the reply 1o the guestions |, i, il and iv as explained
above.

The drawing about housing of gasifers, gas engines and their components.

The delailed drawing Le. plans and sectional view of the building has been provided in the first
progress report. This includes the arsa required for power plant housing 1.e. the gasifier, cleaning
cooling train and the gas engine {Chapter 3 and 4). Further a detailed discussion related fo the
civil drawing is also provided in the addendum {In the first progress report). According 1o the
building details provided in the first progress report (Chapter: 4), the beneficiary need o prepare
a detailed estimate of budget for civil construction in the proposed site.

Would you please kind support me the information?

{ hops the detailed response provided in the above sections would clarify all the quires raised in

the mall, However | would request you {o kindly go through the Progress report once for better

understanding, However if there are any further clarfications required on any of the specific point
kindly feel free 1o write 10 us.

Does TERI prepare the operating manual, maintenance procedures and number of operating
staffs? If yes, please send to CMU for translation into THAL

The operation and maintenance manual will be prepared and mailed at the time of dispatch of the
system from India.

It would be good to have a VDO presentation of TERI biomass gasification project in other
countries that similar to the project in Phrae. To give a concrete concept and clear picture for the
local people who totally does not know about Biomass gasification power plant.

How this project design for dust and noise protection? Is it require special room for noise
protection?

[
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Please go through the reports submitted, which covers in details ragasé'ng the noise reduction of
the engine. Dust collectors are provided 1o facilitate the collection of dust which indeed has been
discussed in details in the progress report and in the addendum.

xiii. Does this project will impact on human heath especially respiratory system?

This is a biomass gasifier plant. The producer gas genegrated from the gasifier s directly fed to an
IC engine for power generation. The exhaust of the IC engine is bound t© be similar to other IC
engines working on producer gas. Hence there is no direct exposura of the producer gas to the
human being.

Xiv. Does this project will impact on the reduction of production of Orange and other orchards, and
animal farms?

Such test was not conductaed so far to the best of our knowledge. As this plant is completely
operated on biomass there is no foresesn impact on Orchards and animal farms.

XV. If this power plant is operating and then finds the evidences that this power plant provides the
adverse impacts on the environment, human health. What are the TERI responsibilities for these
particular issues?

Please go through the addendum related fo the environmental issues. in which the status of the
system {0 be supplied is given in defail. Please put the spacific question referesing any @ar%icu!ar
point of the reports submitted and referred from any other published document. TERI is not
responsible for any such impacts beyond the specifications provided in "Chapter A7 of the
addendum to the first progress report,

Regarding the installation and commissioning:

The role of TERI and beneficiary, related the installation and commissioning of the plant was
communicated to UNIDO on 4" Aug 2013, prior to the award of the project.

TERIs expertise will be ;-fg;s iad in supervisi
gasifier systems at the | / !
procuring the services «
angagement of local lechiicians and manual
local agency / Local user which are over and :
deviations submitted along with the bid document”

fon and commissioning of the
to have the co-operation of the local pariners in
and manyal labor. Hence the expenditure against ihe
e met by UNIDO/ Local service provider /
This has been mentioned in the

or should

(-x

Instailation and commissioning is always to be done by the beneficiary. Organizing the local manpower
and equipment to handle the gasifier components (like crane) has {o be mobilized and managed at the
site by the beneficiary. We can provide the details about the equipment and manpower required for
installation and commissioning. The beneficiary can work out the budget according fo their cost at site.
TER! will design the system to minimize the man power requirement at the site through pre-assembling
and detachment of the system before shipping.
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Annexure 6 ~ Clarifications: 10th july 2014

Addendum -to the first progress report

Following the submission of the first progress report, a document was received related to environment
aspects (legally approved). In the addendum to the first progress report, the environment aspects were
addressed as per the status of gasification technology and based on the features of the proposed
environment friendly gasifier system. There was a set of questions on the detailed engineering design,
about various factors like civil construction, system design and grid interface. A comprehensive report has
been prepared, addressing the comments, as an addendum to the first progress report (as a part of the
second progress report).

The addendum consists of two chapters as follows.

A. Environment aspects
B. The comments and clarifications related to the detailed engineering design

A - Environmental aspects and regulations related to biomass
power plants in Thailand

Table A: Regulations: Noise level
Announcement of National Environmental Committees
a) on value of noise disturbance, Volume 29, B. E. 2550 (2007), Book no. 124, Special Chapter 98
(d), Page 23
b) on assessment of General Noise standard, Volume 15, B. E. 2540 (1997)

Code of practice/ standard/ Clause Remarks

a) Noise disturbance level is hereby | » The engine will be provided with an acoustic cladding,
identified at 10 Decibels A as per the engine manufacturer’s specifications.

# The system will be provided with the prescribed norms
b) The max. Noise level not exceeding 115

dB (A).

and standards by the engine manufacture.
¢ Testing and measurements are in the scope of the

. . beneficiary.
The average noise level in 24 hours not

) = TER!will supply the 250 kWe biomass gasifier based
exceeding 70 dB (A)

power plant along with the equipment which is related

to only energy monitoring.




Table B: Regulations: Air quality-

Announcement of Ministry of Natural Resources and Environment

a) on determination of emissions contro! standards for air poliutants of new electric power plants,
Book no. 127, Special Chapter 7 (d), Page 18, January 15, 2010

b) on value evaluation of contaminants in the air emitted from plants which generate, transmit or
distribute electricity, B. E. 2547 (2004)

Particulars

Code of practice/
standard/ Clause

Remarks

Electric power stations using

biomass fuels (

Dust Particles- Not
exceed 120 mg/ m?

Sulfur dioxide — Not
exceed 60 ppm

Oxide gases of
nitrogen calculated in
the form of Nitrogen
Dioxide — Not exceed

200 ppm

e Producer gas engine emits much lower
than the dust content compared to the
engines work on conventional fuels.

* As sulfur is not a component of producer
gas. Hence, SOz should be within the
limit.

+ Nitrogen is one of the major components
of the producer gas. Hence, NOx in the
exhaust is usually in the range of 150 to
400 ppm depending on the engine
capacity, load and fuel quality

o Testing and measurements are at the
scope of the beneficiary. TERI will supply
equipment which is related to only energy

monitoring.

The excess air volume
for burning shall be at
50 percent, or the
excess oxygen volume
for burning shall be at 7

percent.

Generally for internal combustion engines,
about 20% of excess air is supplied to

optimize the performance of the engine.
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Table C- Regulations: Ambient air quality

Announcement of National Environmental Committee
a) on determination of national ambient air quality standards, volume 28, B.E. 2550 (2010)
b} on determination of national ambient air quality standard, volume 24, B.E. 2547 (2004)

Remarks

e There is no reported vaiue available on ambient air quality with respect to 100% producer gas engine
operation. Actual ambient air quality in regular operation of 100% producer gas has to be studied.

s Oxygen gas is not the component of producer gas. Producer gas is product of partial combustion and
reduction.

» As sulfur is not a component of producer gas. Hence, SOz should be within the limit.

Table D: Regulations: Wastewater discharge

a) Announcement of Ministry of Science and Technology on standard control of wastewater
discharge from sources under the types of industrial plants and industrial estates, volume 3, B. E.
2539 (1996)

by Announcement of Ministry of industry on determination of wastewater quality discharging from
factories, volume 2, B. E. 2539 (1996)

c) Announcement of National Environmental Committees on standard control of wastewater
discharge from sources under the types of industrial plants and industrial estates, volume 3, B. E.
2539 (1996)

Remarks

s There is no water scrubbing cleaning system in the proposed design of the gasifier plant. Thus, the
proposed system will no generate waste water.

e The proposed biomass gasifier system is designed with advance technology and environment -
friendly. Hence, it does not produce polluted water and eliminates the need for any effluent treatment
plant.




B - The comments and clarifications related to the detailed
engineering design

There were few clarifications was sought by the beneficiary. The comments and clarifications are as
follows:
(Comments are in black colored font and the clarifications are in red colored fonts)

1. Civil Structure

- Unmatched civil structures between June 2013 version (page 1) and TERI version (page 2-3) as
shown in the attached file.

- Fuel storage shed on the 2nd floor of the civil structure is not suitable. It needs manpower to transport
the fuel to the 2nd floor. The structure must be very strong for the heavy load of fuel on the upper floor
with and then it must be ferro concrete. The construction cost of structure will be very expensive.

- There is no roof for the fuel storage shed,; it is not suitable when it rains.

- TERI should design and provide better fuel conveyor system that can transport fuel from the fuel
storage shed on the ground floor.

i, TER! shall provide the details regarding the floor area requirement of the civil strusture with
technical detalls. This includes equipment layout plan and area requirement for service, operation
and maintenance of the proposed biomass power plant.

The area required for equipment and the space for free movement of the operators change based
on several factors such as Tvpe of end-use application, duralion of operation, fuel gad
frequency and engine specifications. As gssér the discussions and observation from the field vis
the gzmgﬁcgaé dimension of the blomass gasifier basad power houss were arrived.

Another factor that has contributed in the varation in proposed floor area for the power house is
due o variation in the area requirement of a normal engine and engine with acoustic cladding as
desired by the local community why indeed s accounted for in the new plan

i in the report, it was Siég:;@ﬁ@ﬁ the fuel storage should be away from the gasifier syslem, keeping
the safely aspects in view. The fuel supply management that includes procurement, storage and
fransportation ;f ne fuel Gl the gasifier powe i% nt has 1o be managed by the beneficiary gt the
neneficiary’s convenience. Hence, the beneficiary can decide the i ize
structure of the fuel storage according o their §'w al nesds and convenience. The system needs
about 30 cubic meter volume of fuel per day

&
&
o
&
o
£
i
o

2. Gasification

wL

in the topic number 3.2 "main gasifier unit” paragraph 2, "the fuel hopper is designed to store and feed
fuel to the reactor for five hours of the continuous operation.”, what does it means? After five hours of



operation, the gasifier must be stopped for feeding the fuel? How does it effect to the electric system?
Can TERI design continuous operation without stopping the system for feeding the fuel?

and feed the same into the reactor during five hours of

i The fuel hoper is d@ségﬁmd fo store fuel
clear indication that the fuel charyging interval g%zgm d be in

continuous operation. Which indeed &
the range of four to five hours.

i There s no nead 1o slop the gaa @@ &?‘zé five howrs

i, During the fuel charging period the power oulput gsad on the engine) need to be femceegﬁ since

the top lid of the gasifier reactor sha § he opened for fuel charging. The duration of the fuel
charging 1s kept as shorl as possible in order fo retain the overall power produ ff"* ion rate. The

system is designed fo operate continuously, During fuel charging of the enfire system will be
shifted to suction {induced draft) mode. The details of the same shall be provided along with the
opsration manual,

3. There is no information about the heat exchangers cleaning when there is tar or dust on the heat
exchangers.

i. The system i3 designed 1o produce the producer gas with low impurities (tar and dust). Dust
collectors are provided at the base of the heat exchanger, The dust is collgcted in the dust
collectors which indeed need to be cleaned periodically.

i In Heat exchanger 1, The producer gas lemperature will be in the in the band of 180- 800" C.
Hence, there wil 5 be no condensation cocurs in this heat exchanger. Only dust is collected
which needs to be removed from the dust colleciors periodically using %i"sﬁ valves provided
beliow the heat exchangers.

i, Heat exchanger 1 and Heal exchanger {il are operated at low temperature.  These heat
exchangers are provided with condensale collector. The cwd@;"am@ collected nead to draw
off the heat exchanger through the vent oul valve provided at the bottom.

4. In the topic number 3.3.3 Gasification efficiency and gas quality, there is no information on
qualification of gas output from the system. TERI need to provide more information on qualification of
suitable fuel such as moisture etc., TERI need to provide gas output quality, Tar quantity, heating value,
temperature.

L The fuel {wood/ bamboo) used in the biomas
moisture content in 2: e

3 gas ’g:gf should not have moisture Nn*m? more
by
ok

than aéf}%f{y noresse in fuel will Incraase the impurities in the gas, whic
infern effects the ngw performance as xgw dv@m& ﬁ’“}@”t’; on enging mai 53?“?‘%?“{“&—
The proposed gasifer s C,‘ma red down {%t 1 gasi és th dry gas cleaning syste

i Ge %f”é’i”}f‘ the tar content in the raw gas 5 In the ge of QL; 200 mg @@gﬁ%ﬁ*f‘%é?ﬁ@ on the fuel

yality. When fuel is dry a-%g thar
a‘?{f cleaning and cooling train) &
m;}f‘m? ons of tar are m?\; com

10 “f% ?t*@wtum? %t?m‘ impurities in the gas af the {Ef?“'f:;i?“e inlet
w‘ ?? m“*wmg total tar and dust. The

carbons. They are cwﬁsm a5 gl
yent

oo J”@ 1R ii’, a?"




. None of the existing engine manufactures in India who can give a letter of gmms@é@e to run the
engine on the producer gas. Hence it would be very dé??ésust to produce the same, There is no
engine designad particularly to run on p?@ ucer gas as i in the case of natural gas, pelrol, Diesed
gic. In general the engines used in biomass gasifiers are natural gas engines. Additional spare
parts required for regular operation and maintenance can be procured from the engine supplier,
for a period of one year.

6. In the topic number 3.3.4, based on the discussion at the Phrae office, TER! will explore the possibility
of noise reduction by incorporating an acoustic cladding through the engine supplier. The word "explore”
must be changed to "ensure”. TERI will ensure the possibility of noise reduction by incorporating an
acoustic cladding through the engine supplier. it is to guarantee that it can reduce noise to be in
accordance with the limited noise level in the national laws and regulations.

i TERD would regquest the engine supplier (o supply the engine with the acoustic cladding. However the
acoustic cladding and noise reduction would be as per the reguiar standards followad by the engine
manufacturers in India

7. In paragraph 4, Chapter 6 conclusion, “TERI will supply the 250 kW. (3 phase;415 V) biomass power
plant. The beneficiary has to procure any equipment which is required to use the power procured
from the proposed biomass power plant. In case of using the power through the grid, the
beneficiary has to procure the interface component, which is required to link the power plant and
the grid. In such a case, the procurement of the component, installation, commissioning and
obtaining relevant permission from the local electricity authority is in the scope of the
beneficiary’s responsibility. The component and other requirements to be organized for the grid
connection by the beneficiary are provided in Annexure 3.” and paragraph 6, “Manpower arrangement
for installation commissioning and regular operation and maintenance of the system, have to be
arranged by the beneficiary. TERP's professional will be providing all the technical support during
installation and commissioning of the biomass power plant.”

TERI mentioned that local authorities need to provide interface equipment, this is not in line with the
understanding of local authorities as discussed earlier with UNIDO. In addition, the manpower
arrangement for instailation commissioning is local authority's responsibilities. It also not in line with the
understanding of CMU, Phrae PAO, Napoon SAO. Local authorities have never been informed that they
need to provide co-financing for both interface equipment and installation commissioning manpower.

L The scope of the project is 1o "Supply of a 250 KWe (2x125k0e) Biomass Gasifiers system. Capacity
building and Related Technical Services”. The cholce of using the power, ;,s oduced from the biomass
gasifier plant, is at beneficiary's scope. Under the confract awarded to TER!, the scope is imited ©
Supply u’? the gasifier :y&%@m and capacity bul fmg only hence we would ke fo bring fo vour Kind
notice all other comp onents peyond the supply of the systemn cannot be addressed under this
m:}ﬁi{”%{:? W:%% igké 'i & opportunity 1o m afa% once “‘sgaza that the beneficiary should proactively

procurement of grid interfa uipment, se nd legal permissions
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Annexure 7 - Details for civil works

The detailed drawings of the gasifier system are provided in this chapter. The main gasifier unit and the
fuel feeding system will be having foundations. The foundation drawings required for these two
components are given in detail. The rest of the components will be placed on the floor. These
components will be fixed at the ear marked locations using fastener-boit. The fastener bolts will be sent
along with the system, as per the requirement. The foundation work needs to be done as per the drawing,
along with the civil construction works. The drawings provide the basic requirement of area and height of
the shed. Earlier there was communications regarding the shape of the building and fuel storage. The

clarification on this regards may be referred for more details about the civil works.

Complete set of pipeline required for gas line (connecting the gasifier equipment) will be provided along
with the system. Water line for the cooling tower and heat exchanger has to be provided at site as part of
the civil work. Electrical line from the control panel to the individual equipment (Blowers and motors) and
Genset to the control panel also part of the civil work. | request you to please go through all the reporis
submitted so far for getting more clarity about the system and the roll of TERI and beneficiary.
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S.No.

DESCRIPTION.

1. GASIFIER REACTOR WITH ASH PIT
2. HEAT EXCHANGER

3. CYCLONE FILTER

4, FABRIC FILTER

5. HEAT EXCHANGER

6. MIST PAD

7. FABRIC FILTER

8. PAPER FILTER

9. SUCTION BLOWER

9A. PRESSURE BLOWER

9B. PRESSURE BLOWER

9C. SUCTION BLOWER

10. PIPE LINE WITH FLANGE

11. SCREW FEEDER FOR ASH REMOVAL
12. ASH STORAGE HOPPER

13.

Fuel FEEDER
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DETAILS OF GASIFIER COMPONENTS

S.No. Description Dimensions Weight
(Estimated/

( Part name) (LxBxH) approximate)

1 Gasifier reactor with ash pit 2200 X 2200 X6600 3500 KGS

2 Heat Exchanger-| No.(440x612 1070 X 770X 2580 500 KGS

3 Cyclone Filter 300 dia 550 X 450 X 1300 45 KGS

4 Fabric Filter 754 x 1554 900 x 1900 X 2300 450 KGS

5 Heat exchanger-2 &3 (486 x 672 725 X 1100 X 2700 800 KGS

6 Water Tank With Pump 600 x 1200 X 700 200 KGS

7 Mist Pad 356 dia 400 X 600 X 1800 65 KGS

8 Fabric Filter 500 dia 525 X 750 X 1600 200 KGS

9 Paper Filter 600 X 600 X 1050 85 KGS

10 Suction Blowers 2 hp‘_ 2880 rpm 650 X 800 X 1250 150 KGS
With (A.L) impeller (belt driven)

11 Pressure Blowers 2 hp. 2880 rpm With (A.L) 650 X 800 X 1250 150 KGS
impeller (direct driven)

12 Pressure Blowers 2 hp. 2880 rpm With (A.L) 650 X 800 X 1250 150 KGS
impeller (direct driven)

13 Suction Blowers 2 hp. 2880 rpmWith (A.L) 650 X 800 X 1250 150 KGS
impeller (direct driven)

14 Pipe Line 5" NB with flange 500 X 800 X 3500 400 KGS

15 Screw feeder for ash removal 1250 X 1250 X 2500 200 KGS

16 Ash storage hopper with rotary 500 X 1300 X 850 250 KGS
Feeder

17 Chain type bucket elevator for fuel Feeding 600 X 1650 X 9000 1850 KGS
system

18 The Engine and genset 3825 x 1500 x 1820 3000 KGS






