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(BMBEEM 1 kg) U7V DAL F A NAF AL ORAERITHAT, EHERK
L E A NDAR Y AT MBI D34 A H A%4E (GEHNE) X1 BY%720 T,
WEEMD 25 B L7200 NAF AR IRERPIEFICEIETHLENVZ D, T
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#£5-1 2= FOMHEEY X |

Equipnent Maker Specification
1 Meat Chopper Hirai Company TCA-22 200V 1.5kw 77kg
2 Mixing tank Suiko £ 5 7 5 1 1000L 145kg
3 Mixer-0 Hanwa HSL-750 220V 0.4kw | 100A10kf| 52kg
4 Feeding Pump Shin—Meiwa CR501 220V 0.25kw 6.8kg
5 Solbilization Tank Maejima
6 Mixer—1 Hanwa HSL-750 220V 0.4kw | 100A10kf| 52kg
7 Temperature Sensor Chino R1/2
8 Heater OM Heater 1080W
9 Feeding Pump Iwaki MD-40RX 220V 90w 40A
10 Level Sensor Omron PS-31 PE1/2
1 pH Adjustment Tank
12 Mixer—2 Kansai Kikai KM-2515 220V 25W 65A5kf 4kg
13 pH Adjustment Tank Fuji Kagaku 1112GCB
14 pH Controller Fuji Kagaku FDI-70P 85-265V
15 Chemical Pump Tank Takumina PTS-30
16 Chemical Pump Takunmina PW-60-VTCE-HWJ | 100—240V 20W R1/2
17 Level Sensor Omron PS-31 PE1/2
18 Peristaric Pump Kawa Kikai KB-19 PT3/4
19 Primary Frementation Tank Maejima
20 Circulation Pump Iwaki MD-40RX 220V 90w 40A
21 Temerature Sensor Chino R1/2
22 pH Sensor Fuji Kagaku 1112GCB
23 pH Controller Fuji Kagaku FDI-70P. 85-265V
24 Heater OM Heater 2275W
25 Secondary Fermentation Tank Maejima
26 Circulation Pump Iwaki MD-40RX 220V 90w 40A
Temperature Sensor Chino R1/2
Heater OM Haeter 1895W
Gas Holder Maejima
Limt Switch Omron
Purification Tank 1 Maejima
pH Sensor Fuji Kagaku 1112GCB
pH Controller Fuji Kagaku FDI-70P 85-265V
Purification Tank 2 Maejima
Puresurerization Pump Anest Iwata FIT 13093B 100V 450W RC1/4
Drying Tower Maejima
Flow Mert Keyence FD-A10,FD-V45A | DC10-24V RC1/4
Methane Strage Tank Maejima
Puressure Sensor Keyence GP-M025,0P-87273 | DC10-30V RC1/2
Paper Recorder Keyence TR-W500.TR-THO8A| DC24V
Base Maejima
Control Box
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3. SAFETY

1. GENERAL INSTRUCTION
1.1 Operation and Maintenance
The operation and maintenance of plant describes activities that cover the
fermentation plant including the electrical and mechanical equipments. The operation
and maintenance of the plant will be handled by individual operators. Therefore the
operator must read and understand these instructions before operating the plant.
(1)The procedures and operating conditions listed here are only guidelines and may
be modified on start-up and operation. The control system can be flexible enough to
accommodate these changes.

(2)This does not cover peripheral equipment, which may affect the plant.

(3)It is expected that the operator may be required to take some decisions and actions
not covered by this manual. The operator will be expected to monitor the system
during operation, and may need to intervene to assure safe operation of the plant
when required. The control system must be flexible enough to allow operator
intervention when necessary.

51



(4)Operator should read the bought-out items operation manual / safety procedures
received from respective vendors and follow the instructions as mentioned in their

manual before starting / stopping the respective item.

(5)Operating personnel should follow the safety regulations of factory rules as well as
factory acts and regulations in Thailand.

(6)Before plant start it is necessary to make detailed schedule so as to understand
sequence of start-up of individual sections and their synchronization.
(7) Aplant operation instruction means that outputs of an operation instruction
corresponding to the selected object item to the plant by a user's instruction.
(8) A purpose of manual is to provide an apparatus, a system and a program
for plant operation monitoring support capable of confirming in advance influences
of an operator's unit operation on a plant and enabling a low-skilled operator to
perform stable operation of the plant with a field of view that is close to one owned
by a skilled operator.
(9)A manual provides a stable and continuous operation over a long term, regarding a
producing biogas obtainable through the methane fermentation of food waste in a

producing plant.

1.2.Methane Fermentation System

(1)The most important thing to remember is that a methane fermentation(digestion) is
not a chemical process but a “biological process”.

(2)The "anaerobic" bacteria responsible for digestion can't survive with even the

slightest trace of oxygen. Because of the oxygen in the substrate (slurry of raw

material) fed to the digester, there is a long period after loading before actual

fermentation takes place. Oxygen must be basically excluded from the inside of

digester as much as possible.

(3)During this initial "aerobic" period, traces of oxygen are used up by oxygen-loving

bacteria, and large amounts of carbon dioxide (CO,) are released.

(4)When oxygen disappears, the digestion process can begin. That process involves

a series of reactions by several kinds of anaerobic bacteria feeding on the substrate.

(5)In the first stages of digestion, organic material which is digestible (fats, proteins

and most carbohydrates) are broken down into simple monomeric compounds by acid

producing bacteria(Acetogen). The acid bacteria are capable of rapid reproduction

and are not very sensitive to changes in their environment. Their role is to excrete
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enzymes, liquefy the raw materials and convert the complex materials into simpler
substances (especially volatile fatty acids), which are low molecular weight organic
acids.

(6)The most important volatile fatty acid is acetic acid (table vinegar is dilute acetic
acid), a very common by-product of all fat, starch and protein digestion. About 70% of
the methane produced during fermentation comes from acetic acid.

(7)Once the raw material has been liquefied by the acid producing bacteria, methane
producing bacteria convert the volatile fatty acids into methane gas. Unlike the acid
bacteria, methane bacteria reproduce slowly and are very sensitive to changes in the
conditions of their environment(Oxygen content, pH, temperature and raw materials)
(Note).

(8)Successful digestion for continuous-load digesters depends upon achieving and
maintaining a balance between those bacteria which produce organic acids and those
bacteria which produce methane gas from the organic acids(Note).

(9)This balance is achieved by a regular feeding with enough liquid and by the proper
pH, temperature and the quality of raw materials in the digester.

(9)The general quality of biogas can be estimated from the C/N ratio of the raw
materials used. With good temperature and raw materials, 50 to 70% of the raw
materials fed into the digester will be converted to biogas.

1.3 Anaerobic Digestion

(1)The optimum temperature of anaerobic digestion which promotes activity of the

bacteria and consequently produce more methane gas, is between 25 to 550C. In
colder temperature this is difficult to maintain but worthwhile trying to achieve.

(2)In the middle temperature range (20 - 45° C, optimally at 35 ° C), MESOPHILIC,
medium temperature loving bacteria will thrive. This is the most common
temperature range for anaerobic digesters in use at methane fermentation plants.

(3)The highest temperature range (49 - 57° C), is dominated by THERMOPHILIC, hot
temperature loving bacteria. Because of problems maintaining the high temperature,
sensitivity of the organisms to temperature change and poor liquid/ solids separation,
few digesters run in the thermophilic range.

(4)Acidity is also important with a desired pH of between 6.5 and 7.5. With a low acid
content(below 6), the high pH(pH8), the fermentation slows down until the bacteria
produce enough acids to restore the balance. Acidity must be checked by watching a

53



pH-indicator in the control panel display at fixed intervals(Note). Otherwise it can be
measured by using litmus paper or pH meter.

(5)Carbon and nitrogen are the other two components for a digester and are both
required for the bacteria to live. However, the bacteria consume the carbon at about
30 times faster than the nitrogen. This 30:1 ratio produces the maximum amount of
gas. If the ratio is not correct the bacteria will usually compensate creating the right
balance within the digester.

(6)The slurry which is left after the digestion process is mainly composed of organic
humus, with small amounts of nitrogen, phosphates and trace of potassium. This
final product of methane fermentation makes an excellent fertilizer and soll
conditioner.

(7)1t should be noted that the time in starting the ordinary digester and producing gas
can be as long as 2 to 4 weeks(Note). This is because the bacteria will first need
time to breakdown the slurry into acids and sugars, before the second group of
bacteria which is the gas producing ones, can adjust the carbon/nitrogen mix and the
acidity level for reasonable amounts of gas to be produced.

However, on the fixed-bed fermentation such as our fermentation system, the time
for digestion and gas production is sometimes as short as 1 week because of some
carriers in the digester to keep the concentration of bacteria at a high level, which
provokes high production of biogas.

(8)The theoretical methane yield can be estimated by the amount of converted
chemical oxygen demand(COD), but the exact recoverable yield depends on a
number of environmental conditions. On the digestion process, the methane content
of biogas is generally between 55%-70%. The remaining composition is primarily
carbon dioxide, with trace quantities (10-15,000 ppm) of corrosive hydrogen sulfide
and water.

(9)Methane is a colorless, odorless, flammable gas and the main constituent, 55% to
70% of biogas that we use in our homes in the world. It is a hydrocarbon and
chemical symbol is CH, (Note).

(10)Methane produced by the anaerobic digestion process is quite similar to natural
gas that is extracted from the wellhead and piped to our homes. However, natural
gas contains a variety of hydrocarbons other than methane, such as ethane,
propane, and butane.

(11)The expected energy content of pure methane is 55.35MJ/kg; natural gas has an
energy content about 10% higher because of added gas like butane. However, the
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particular characteristics of methane, the simplest of the hydrocarbons, make it an
excellent fuel for certain uses.

2. OPERATION
2.1 General Plant Description
(1) Control of Unit Operations
a) Equipments

All equipment on site must be operated in accordance with the suppliers’ manuals.
The weight scales and other measurement devices must be calibrated once every six
months by the Standards Bureau of Thailand.

b)Valves
All valves in the system are designed for a maximum water working pressure of 150

psi. They are resilient-seal, gate valves, designed for controlling flows.

Cast iron or steel is typically used. Plug valves are commonly used in sludge and
scum lines. Gate valves or butterfly valves are undesirable and rarely used because
grease, rags and debris can catch on them and prevent them from seating.

()Check valves are automatic ball type incorporating a hollow iron, natural
rubber-covered ball.

(inSeals are also made of natural rubber. All fasteners are made of stainless steel.

(iiEach pump has a ball check valve and a resilient-seal gate valve on the discharge
line. The check valves prevent the reverse flow of wastewater through the
non-operating pumps.

(iv)The gate valves are closed to allow maintenance and repair work on the pumps
and must be reopened before pumps are operated to prevent pump damage.

(vV)When operated, the gate valves should be opened to full-open and closed to
full-close, and operated at least monthly to ensure proper operation. The check
valves are designed to be essentially maintenance and clog free.

(vi)If for any reason the valve on the idle pump line does not seal when the opposite
pump is operating, it may be cleared by operating its associated pump. If this is not
successful, the valve should be removed and cleaned or replaced if damaged.
Flexible couplings and pipe fittings should be inspected for leakage during pump
operation, and the flexible couplings replaced as required when aging and wear
cracking occur.
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c)Electricity
The electric company shall supply Power at following parameters to the plant:
Pump - 220VAC/ 3 phase /50 Hz
Mixer - 220VAC / 3 phase / 50 Hz
Level sensors - 100VDC/1phase/50Hz
2.2 Unit Operation
(1) Plant running on water and diluted slurry trial
a)Follow all the steps explained in water trials for every fresh start-up without slurry

in system.

b)Start plant on water as explained in water trials by putting water in a tank.
Before switching over process from water to slurry, ensure slurry is ready in holding

tank for steady and continuous supply.
C)At the end of water trials, plant will be running on water with all stabilized onditions.
d)Ensure fermented tanks are ready in wash holding tank to feed it to fermentation.

e)Stop water and start slurry to process tank with the rate of m?3hr at the beginning.
Go on increasing slurry feed rate slowly with increment of m? every 30 min. up to
m%hr (Initially stabilize the plant at approximate 60% capacity only. This feeding
rate is to be calculated based on the slurry concentration in wash feed). Once plant

is stable slurry feed can be increased to achieve full capacity.
(2)Unit process operation

a) Crushing / Slurrifing Process

I)The raw materials as food wastes and household garbage are supplied from
restraints, hotels and ordinary homes to plant by a collecting truck with bio-methane
storage tank(ANG fuel tank). This waste and garbage are packed in special buckets
and directly transferred to the stand setting besides the crusher. The food waste is
preferably used as the fermentation raw material.

i)On crushing and slurrifying process raw materials(food wastes and garbage) are
crushed and slurrified combining a fluid to produce a slurry, injecting a substances by
a specially made stick.

iiA system for slurrifying raw materials includes a crusher(meat-chopper), a pump,
and a transfer line fluidly connecting the crusher and the pump, the transfer line
having a fluid inlet for receiving a tank which is a tank in pretreatment process.

Iv)The system includes a storage vessel fluidly connected to the pump for storing a
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slurry. The mixing vessel includes a mixer and a pump transferring the slurry to a
pretreatment tank.

v)The principle for crushing and slurrifying by a meat chopper is based on chopping

up raw materials with a pair of a knife (rotating blades) and a plate (fixed blade),

vi)The basic structure of meat chopper is composed of screw-shaped roller to screw in
and cutter to cut materials by using the rotating knife and the thick fixed plate with
some holes. The diameter of the hole in the plate decides the size of crushed
materials. The cutting sharpness depends on the sharp edge of holes in the plate
and the sharp clearance between rotating blades (knives) and the plate.

vii) To provide a homogeneous slurry to digester can efficiency and effectively
promote methane fermentation(Note).

b)Pretreatment (Solubilization / Hydrolysis) Process

i)Raw materials in a slurry undergo solubilization /hydrolysis in the pretreatment
process at about 37°C. After hydrolysis , pH of wastes slurry drop down to 3.0 ~3.5
by production of acidic materials.

i) The time in completing pretreatment can be as long as 1 to 2 days.

iii)In this process, organic material(fats, proteins and most starches) in a slurry are
broken down into simple monomeric compounds by acid producing bacteria.

iX)The most important compound in volatile fatty acid is acetic acid, which is a very
common by-product of all fat, starch and protein degradation.

x)Polymeric materials such as lipids, proteins, and carbohydrates are primarily
hydrolyzed by extracellular hydrolases, excreted by microorganisms present in this
process.

xi)Hydrolytic enzymes, (lipases, proteases, cellulases, amylases, etc.) hydrolyze their

respective polymers into smaller molecules, primarily monomeric units, which are

then consumed by methane bacteria.

xii)In methane fermentation of substrates containing high concentrations of organic
polymers, the hydrolytic activity relevant to each polymer is of paramount
significance, in which polymer hydrolysis may become a rate-limiting step for the
production of simpler substrates to be used in subsequent degradation steps.

xiii)The pretreated substrates are automatically and quantitatively pumped into pH
adjustment tank for storing a slurry. The timing to transfer the slurry is depending on
the sending rate of pH adjusted substrate to the digester. This sending rate will be
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regulated by the amount of substrate supplying to the digester.

c)pH Adjustment Process

I)The pretreated substrates are automatically and quantitatively pumped into pH
adjustment tank for storing a slurry. This tank’s role is pushing up the pH of the slurry,
because the pH of the slurry containing hydrolyzed substrates is too low for
anaerobic bacteria in digesters.

i) The pH is pushed up to about 6.5 ~ 7.5 by adding 3% sodium hydroxide (NaOH)
agueous solution from a chemical pump into the tank. The addition of NaOH solution
is automatically started and stopped according to a pH sensor detection. The content
in the tank is continuously stirred by a circulating pump to maintain optimum pH.

ii)When water level drop down in some measure, the pomp starts to work and send
substrates from the solubilization tank.

iv)If the pH is brought back up too quickly, rest the unit by not pumping any new
NaOH for at least 24 hours. That is the same thing that needs to happen to recover
from a digester upset.

v)The pH adjusted substrates are automatically and quantitatively pumped into the
digester. The sending rate will be regulated by the amount of substrate supplying to
the digester.
vi)Methane fermentation is performed in a methane fermentation tank after the

pretreatment process.

d)Methane Fermentation Process
i)Biogas is produced by methane fermentation in this process. The fermentation is
carried out with anaerobic fixed-bed method adsorbing high concentration of
methane bacteria by plastic carriers. Volatile fatty acids(acetic and propionic acids)
in the slurry from pH adjusting tank are sent to the digester and converted to
methane by anaerobic bacteria.

i) This process includes two digesters(primary and secondary digestion tank)
connecting in series.

i) The primary digestion tank receives the thickened sludge. It is heated at 35 to 37 °c
by electric heating system and is installed mixing equipment to keep the slurry stirred
and temperatures uniform.

iv) The mechanical mixer is a mechanical unit that mix by pumping digester gas and

sludge into the carriers.
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Iv) Biogas produced in the digester can be collected and removed with a floating top
that connects with upgrading/cleaning tanks.

v)The sludge passes from the primary digester to the secondary digester, which has
the same system. The slurry after the primary digester is overflowed into a
secondary digester and is digested again, so that the organic substances in the
sludge can be effectively utilized.

iv)The secondary digester is also heated and mixed in the same way as the primary
one. It is generally used to settle digested sludge and finish the digestion process
prior to drawing the slurry off to the storage tank. The secondary digester also
produce most of biogas that is transferred to the upgrading/cleaning tanks.

v) The slurry feed(inlet) lines are typically piped to the bottom of the digestion tanks
on the same side from the supernatant overflow pipe or injected into the slurry
circulation line upstream of the tank.

vi) Slurry draw-off(outlet) lines are usually placed on the pipe outside the digester.
The lines are used to transfer seed sludge from the primary to the secondary
digester, and to remove sludge to a digestion residue tank. It is preferable not to
locate them under the floor of the digester because they would not be accessible in
case of blockages.

v)The optimum temperature of anaerobic digestion which promotes activity of the
bacteria and consequently produce more methane gas is between 35 to 37 °C. The
temperature of slurry in the digesters are controlled by electric heaters.

vi)Acidity is also important with a desired pH of between 6.5 and 7.5. With a low acid
content(below 6), the high pH(pH8), the fermentation slows down until the bacteria
produce enough acids to restore the balance(Note).

vii)The time in completing the transformation to methane can be aslongas 1to 2
days in this system.

viii) The methane bacteria(Methanogen) will not be able to keep up with the acid
production and the volatile fatty acid to alkalinity ratio will increase. The best thing to
do in this case is to decrease acids in the digestion, stop eating and rest. If that isn't
possible, addition of calcium carbonate to the slurry flow will increase the alkalinity
and help restore the volatile fatty acid to alkalinity ratio.

iX) Warm environments, high outside temperature will encourage gas production,
while cold environments will slow gas production. As the outside temperature
fluctuates, the inner tube might expand in the heat and contract in cool.
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X) The digester will have continuous gas production for 2.5 to 3 months in stable state.
However, once gas production slows considerably or ceases, the biogas system
simply needs to be recharged. After it's recharged with new inoculum, the digester
will produce gas again. The old slurry can be used as green fertilizer. Nothing is
wasted! (Note)

xi)For the overflow from the secondary digester, the DO and BOD content must be
measured so that it can be added to the organic loading in effluent treatment.
The concentration of organic components in a digestion residue(sludge) after
secondary fermentation decreases by efficiently fermenting the organic substances.

xii)Sludge pumped to the digester is colder than the digester. It can decrease the
digester temperature if it is added in large volumes over short periods. The best
practice is to feed continuously at low flow rates so that the heating systems can
maintain a more constant temperature.

xiii) Feeding at lower flows for longer periods will help minimize the impact on the
digester. Thickening sludge to achieve the highest solids content will also minimize
the impact on the digester temperature. Thicker sludge means less water is required
to move a pound of solids.

xiv)The pipe used in the digesters must be able to withstand pumping pressures ,
severe corrosion and clogging the sludge.

xVv) A porous carrier is immersed in a methane fermentation liquid to support high
concentration of microorganisms and make a methane fermentation reaction
proceed.

e.)Biogas Cleaning/Upgrading Process

I)A wet system is used for biogas cleaning and upgrading in this process. Hydrogen
sulfide(H.S) and carbon dioxide(CO. ) in biogas can be removed by passing through
both 3%Ferric chloride(FeCls ) and 3%NaOH aqueous solutions tanks connected in
series. Biogas is upgraded to bio-methane with 95% concentration after purification
(cleaning / upgrading) .

i) This biogas upgrading process uses advanced gas purification and energy saving
technologies to produce the highest quality and most environment friendly
bio-methane with the same properties as natural gas.

iv)In the upgrading process the H,S content in the raw biogas is reduced to very low
concentrations, typically below 0.5 ppm. After the process a special alkaline is used
absorbing 99.5% of the CO..
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Iv) Hydrogen sulfide(H,S) removal
1.In this system, the biogas to be cleaned enters the bottom of cylinder-like tower
and flows upward through a slurry. The hydrogen sulfide is then absorbed by
bubbling and precipitates as wet ferric sulfide. By oxidizing the slurry in oxygen,
ferric oxide is formed, which can be sold as a by-product.

2.Hydrogen sulfide (H,S) is the most common contaminant in biogas. The H,S
concentration can range between 10 and 10,000 ppm during normal fermentation.

3.H,S must be removed for any possible use of biogas. Metallic pipe is basically
corroded by H,S. H,S also corrodes engine parts in the combustion chamber,
exhaust system and in various bearings. Income will be lost during overhauls and

breakdown, which require substantial expenditures.

4.The quality and purity of biogas is essential for a good performance of energy
conversion processes.
5.The process is found to be more efficient if a ferric chloride/water slurry is used .A

flue gas is scrubbed into the resulting slurry, removing over 99% of H,S.

6.The most applicable and specific method for detecting and determining H,S is a
method using gas detector tube with a gas collection device.
The gas collection device is a suction pump to let a gas-detecting tube ventilate the
sample gas of the fixed quantity. In inside of the glass detector tube the specifically
detective reagent to H,S gas is sealed up. The detective agent coated on a body of
a silica gel and alumina shows clear change of color in response to a specific gas
for accurate measurements.

v)Siloxane removal

1.The gas to be cleaned enters the bottom of cylinder-like tower and flows upward
through a slurry. The siloxane is then absorbed by bubbling.

2.This system is much efficient with contents of less than 0.05 mg/Nm3, which is the

lowest detectable level for today’s instruments.

v)Cabon oxide (CO; ) removal
1.Carbon dioxide can be removed from biogas by being diffused through 3% NaOH
agueous solution in this system.
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2. The gas to be cleaned enters the bottom of cylinder-like tower and flows upward
through an alkaline solution. The carbon dioxide is then absorbed by bubbling to
produce sodium carbonate.

3.After this process biogas is upgraded to bio-methane with more than 95% purity
and without hydrogen sulfide.

f)Bio-methane Holding Process

1) Purified biogas is temporarily kept in a methane holding tank. As bio-methane has
low solubility in water, it can be effectively stored in the gas tank with the water seal
type.

i)The gas holding is easy and possible for unmanned operation because the
pressure in the tank can be constantly maintained depending on volume change
from the top and bottom of tank.

iif) During bio-methane accumulation in some measure, the cap of the tank raises up
slowly. When the cap raise up and reaches the fixed position, the compressor starts
to work by a laser beam sensor. Then bio-methane is sent to the dry tank.

iv)After the completion of gas sending, the cap of the tank falls down to the original
position and the compressor automatically stop to work. And then bio-methane
holding starts again.

g)Drying Process

i) Removal of water from gas may be by physical and/or chemical means.
The compressed bio-methane passes through a drying tower from the bottom to top
The moisture is commonly adsorbed on a drying agent in a low temperature trap.

i)In drying process the flue gas firstly passes through a fine limestones in lower part
and secondly dry Calcium oxide (CaO) powder in upper part of the tank. In principle
the moisture in the gas is removed from the flue gas stream by the reaction with CaO
and the condensation on the limestone’s surface.

iiCaO can be used to neutralize acidic gas components and remove trance amount
of hydrogen sulfide in bio-methane.

iv) The concentration of bio-methane increases to 98% after drying by the desiccant
(Ca0) and removal of small amount of CO, . The moisture content reaches to less
than 0.1ppm.

62



v)The end product containing 98% methane is available for vehicle fuel or to be fed
into the natural gas grid.

vi)CaO is the most cost effective alkali that can be used for this kind of treatment, with
less dosage and less waste production compared with other reagents.

vii)The effectiveness of drying agents depends on the vapor pressure of the hydrated
compound. The lower the vapor pressure, the less the remaining moisture in the gas.

g) Bio-methane Storage Process

i)Adsorbed Natural Gas (ANG) storage technology is used in this system. This
technology has a promising advantages for methane storage.

i)ANG technology allows large amounts of bio-methane to be stored at a relatively
low pressure (less than 1 MPa), at room temperature. This system is succeeded to
develop commercially viable technology although the principles of bio-methane
adsorption have been around for decades.

iii) ANG might be an attractive alternative to compressed storage technologies as
CNG and LNG, because the gas is stored on micro-porous material packed into a
vessel at much lower pressure.

Iv)The storage tank contains activated carbons as adsorbent ,which has a very large
surface area (500~2500 m®/g). A great amount of bio-methane is adsorbed in
activate charcoal (more than 80 L/L -AC) under low pressure (less than 1 MPa).
Handling ANG tank of this system is possible without official permission.

iv)Bio-methane upgraded in this system contains up to 98 % methane (CH,), the
remaining being carbon dioxide (CO.), nitrogen, however, no higher molecular
weight hydrocarbons, such as ethane (C,Hs), propane (CzHg) and butane (C4H1p).

V)As the gas discharge entrance of the storage tank is set lower than the tank top, the
active carbon should be filled under the discharge entrance.

V) 10 kg active carbon will be filled with special bag with the zipper such as washing
bag used now in Nagoya University. Around 20 bags are necessary for filling the
storage tank.

vi)lt is necessary to prepare the plastic or metal stick with a hook on a stick top. This
stick is convenient for the injection and withdrawal of bags from upper tank flange
mouth. Putting a face in the tank is Very Dangerous, because residual methane will
remain inside(Warning).

vii)Not less than 90 kg of activated charcoal is necessary for a storage of whole

amount of bio-methane produced per day in 1MPa, as the fermentation plant can
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produce 8640 L/day methane on 60kg/day of raw materials supply (100L methane
adsorption /kg active carbon).

viii) The filling quantity of the active carbon can be estimated 184 kg in a storage tank
supposing packing density as around 0.5 kg/L. This means that the storage tank can
fill bio-methane produced for two days in the fermentation tanks.

ixX) When the compressor starts running, a magnetic valve in the line between the
storage tank and drying tower will open at the same time to introduce the
bio-methane in the storage tank. The valve will be closed on stopping the
compressor.

x)The pressure of methane stored in the tank is shown on a pressure gaze of the tank
and a display in the control panel.

xi)The stored methane gas is taken out from the valve on the bottom of the tank by
using an explosion-free compressor, which can be connected by a pressure-proof
hose.

xii)The methane stored in the compressor will be introduced to a fuel tank of
bio-methane vehicle, household cylinders and power generator by using a
pressure-proof hose which has a different type connector.

h.)Digestion Residue(Sludge) Storage Process

I)The sludge in the slurry is drawn off by pumping from secondary digester to a
digestion residue storage tank.

i) The slurry can be used as “green” fertilizer. Well-digested sludge will have a pH
between 7.0-7.2. It will not have the septic odors of green sludge and will have a
leathery appearance.

iil) The slurry which is left after the digestion process is mainly composed of organic
humus, with small amounts of nitrogen, phosphates and trace of potassium. This
final product of methane fermentation makes an excellent fertilizer and soll
conditioner.

iv).Removing sludge too fast from the secondary digester can create an upset
condition in the storage tank. Unstable "green" sludge still contains organisms that
work more and produce biogas in the tank. If too much settled sludge is removed, the
population of these organisms may drop to the point that an upset occurs.

i)Process Monitoring by Control Panel
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NAUTO mode means automatic operation and MAN mode means manual operation.

i)To provide a plant monitoring information, the display in control panel is used by
showing the monitoring information on a screen of the control panel.

lii)The control panel is easily and visually recognizable way with a simple operation
(on/off switch ).

Iv) The plant monitoring information involves the action of mixer, the pH change inside

of tanks, the temperature of inside of tanks, and the methane generation device.

3. SAFETY

(1)Methane can form a highly explosive gas mixture in connection with air (Warning).
If there is oxygen inside the tanks or tubes, there is a risk that the flame could travel
inside, causing a large explosion.

(2)The installation of plant should be carried out only by authorized and trained
persons or companies.

(3)Safety precautions must be adhered to by all personnel and visitors to the plant.

(4)Safety indication (Note, Caution and Warning) can be in the form of clearly marked
signs throughout the plant site.

(5)Safety precautions should be discussed in relation to operating fermentation plant
and handling all hazardous substances.

(5)First aid procedures for dealing with accidents involving personal injury should be
available through adequate training and the maintaining of a first aid handbook and
kit on site.

(6)Rubber gloves must be worn with the direct handling of raw materials, sludge or
chemicals. If there is direct contact, hands must be washed and rinse in a
bactericidal solution.

(7)Don’t eat and drink anything in plant area. Food and drinks should be kept in office
areas and measures taken to prevent contamination.

(8)Be careful not to breathe in raw biogas and bio-methane.

(9) The plant site must be kept orderly and cleaned regularly for safe operation..

(10)Long duration shut down is generally planned shutdown for any reason. There are

some planned maintenance jobs which are to be carried out during shut down.

First of all, make shutdown plan with respect to fermentation. This is important
because after shutdown there should be no fermented mash lying in the fermentation
section. Fermented slurry should be consumed completely.
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(2) fii%~==7 /1 (Beginner’s Guide for Operation and Maintenance of
Bio-methane Energy system) D{ERk
N, BEAROME R RS LE RS E A E LT, 5~ =27 L (Beginner’s
Guide for Operation and Maintenance of Bio-methane Energy system) % {E% L 7=,

Beginner’'s Guide for Operation and Maintenance
of Bio-methane Energy System
Sekine Sangyo CO.LTD and Nagoya University, Japan

(OMeat Chopper and @Agitator
1.Don’t eat and drink anything in plant area.
2.Remove metallic, plastic and woody materials from the raw materials.
3.Don’t inject materials directly by using hands and feet without specified tools.
4.Rinse a screw-shaped roller and a cutter after every use.
5.Don’t lose or destroy the parts, as they are very valuable and have no spare.
@Solubilization Tank
1.Do’nt inject much amount of slurry at once to avoid plugging in the tube of a pump.
2.Check pH, temperature, amount of slurry (slurry level) in the tank at fixed intervals
3.Check the operating condition of stirring pump at fixed intervals.
@pH Adjustment Tank
1.Check the amount of solution in the tank for pH adjustment every day.
2. Never increased or decrease in pH under 6.5 or up to 7.5, to avoid bringing a
shock to methane bacteria in digesters.
3.Call the supervisor on the sudden change of pH.
®Chemical Pump with Alkali Storage Tank
1.Use safety goggles on all operation works, because alkali treatment is Dangerous!!
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2.Prepare and add certainly the alkali solution before the tank is empty.
3.Cool an alkali preparation bottle with water to suppress much heat generation.
4. Wash eyes immediately with much tap water, when alkali unfortunately gets into
eyes.
®+@Methane Fermentation Tank(Digester)
1. No smoking any time because methane gas is flammable and explosive in air.
2.Remain the electric heater under the water of the digester to avoid the
overheating .
3.Check the operation of circulating pump every day to avoid substrate plugging.
4.Check and record pH, temperature ,production of biogas every day.
5.Don’t change a feeding time of the slurry by pump.
6. Don’t use any kind of petroleum products on the digester not to kill the bacteria.
7.Check biogas composition, concentration of hydrogen sulfide at fixed intervals.
8. On scum generation, call the supervisor or stop the pump urgently if no contact.
®Digestion Residue(Sludge) Storage Tank
1.Keep the tank outlet open to maintain the pressure as same as atmospheric
pressure, so that the overflow of sludge can proceed smoothly.
2.Check the slurry level in the tank every day and pump out the content every two
days.
3.Don’t peek into the tank, because biogas with hydrogen sulfide may exist inside.
©®@Biogas Cleaning/Upgrading Tank
1. Renew the solution of ferric chloride and sodium hydroxide at fixed intervals.
2.Use safety goggles and gloves on the preparation of both aqueous solution.
3.Check bubbling from diffusing pipe to avoid plugging by chemical’s deposition.
4.Record production of temperature and pH of the solutions every day.
5.Don’t leave open the valves of the tank to avoid the leak of hydrogen sulfide(H.S).
@Bio-methane Holding Tank
1.Check water level in water bath at fixed intervals to prevent the leak of gas.
2.Check the operation of level sensor of gas holding tank at fixed intervals.
3.Check the movement of the tank at fixed intervals, when the compressor is
working.
4.Record production of bio-methane by gas flow meter every day(Ask supervisor).
@Drying Tower
1. Check moisture content in the gas at fixed intervals by using gas detector tube.

2.Pull a drain pooled in the bottom of tank at fixed intervals to avoid inner pressure
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raise.
3. Use safety goggles and gloves on removal of the drain to avoid alkali water
scattering.
4.Vaccum completely residual bio-methane on exchange of drying chemical(CaO).
@Bio-methane Storage tank
1.Check the action of magnetic valve on running the compressor to send
bio-methane.
2.Check and record the purity of bio-methane at fixed intervals(Ask supervisor).
3.Record the gas pressure in the tank every day.
4. Check the leak of methane by leak-checking liquid at fixed intervals.
5.Remove completely bio-methane in the tank on exchange of activated charcoal.
@Control Panel
1. Check the display on a screen of the control panel showing the monitoring
information involving mixer action, pH change, the temperature and the other

device.

2. Use only on/off switch for simple operation.
3.Don’t open the door of the control panel to change the values of electrical units.

@@Bio-methane Car
1.Use a specialized pressure tube to connect the bio-methane storage tank with a
compressor and a bio-methane car.
2.Don’t connect the storage tank directly with a tank in the car.

3.Don’t compress the bio-methane over 1MPa into the tank of compressor, as the
exhaust valve(safety valve) is operated.

4.Check the leaking of methane on the connection of the tank and compressor.

(3)1EEZHHEY A + (Notice on Installation and Operetinon) D1EfL
7T MNEIRICBT A EHEEFH, =y FOEWBMFEIIKISOL Y, UAMEE
TERR U7, a3k, @RISR L7s i DR fE 217 9,

68



7% 5-5 .List of required parts and equipments

Item Volume(Capacity) Quantity
1.Meat chopper and Agitator
Plastic container 18L
Vinyl hose with hose reel 20m 1
Washing brushes several sizes 1
Deck brush 3
Rubber boots L-size 1pack
Flashlight 3
Mask 3boxes
Tool set and component 1set
2.Solubilization tank
Tubing unit for pump 1
3.pH Adjusting tank
pH Standard solution set 100ml 1
(pH7,4,9)
pH Internal solution 1L 1
Teflon sealing tape 10
Tubing unit for pump 2 sets
4.Chemical pump
Bucket 0L 5
Safety goggles 5
Rubber glove 5
Electric balance 10kg 1
Sodium hydroxide(NaOH) 21kg 1
5.Methane fermentation tank
H2S detecting kit 1
6.Cleaning/Upgrading tanks
Bucket 0L
Magnetic tirrer
Shovel Small
Stirring rod im
Ferric chloride(FeCI3) 21kg 1
7.Drying tower Calcium oxide 670kg 1
Limestone 160kg 1
8.Bio—methane storage tank Vaccum pump 1
AC containing bag 10kg 10
(Laundry bag)
9.Digestion residue(sludge) Portable pH meter 1
storage tank
10.Office function Note 5
Marker 10
PC 1
Printer 1
Printing paper 5 packs

Notice on installation and operation

1.Criteria for selection of methane bacteria inoculum

* No use :Inlculum of USBA(Upflow Anaerobic Sludge Blanket) type digester
or anaerobic treatement plants, because granular sludge(2mm particles) causes
the clogging of pipe in our digester(Fixed-bed fermentator)

* Best available :Innoculum from digeters using food wastes as raw material,
because rising-time at initial fermentation become shorter on use of similar raw
materials in our plant

+ Better use :Inoculum from anaerobic treatment equipments of effluents of food
plants, food processing plants and canning plants

+ Available :Inoculum from anaerobic treatment equipments of effluents for livestock

excrement acilities(cow dung treatment, etc.)
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2.Notice on operation

(General operation)

1.0nce the raw material has been liquefied by the acid producing bacteria, methane
producing bacteria convert the volatile fatty acids into methane gas. Unlike the acid
bacteria, methane bacteria reproduce slowly and are very sensitive to changes in the
conditions of their environment(Oxygen content, pH, temperature and raw materials).

2.Successful digestion for continuous-load digesters depends upon achieving and
maintaining a balance between those bacteria which produce organic acids and those
bacteria which produce methane gas from the organic acids.

3.Acidity is also important with a desired pH of between 6.5 and 7.5. With a low acid
content(below 6), the high pH(pH8), the fermentation slows down until the bacteria
produce enough acids to restore the balance. Acidity must be checked by watching a
pH-indicator in the control panel display at fixed intervals. Otherwise it can be measured
by using litmus paper or pH meter.

4.1t should be noted that the time in starting the ordinary digester and producing gas can be
as long as 2 to 4 weeks. This is because the bacteria will first need time to breakdown the
slurry into acids and sugars, before the second group of bacteria which is the gas
producing ones, can adjust the carbon/nitrogen mix and the acidity level for reasonable
amounts of gas to be produced.

5.Methane(CH,) is a colorless, odorless, flammable gas and the main constituent,
55% to 70% of biogas that we use in our homes in the world.

(Crushing / Slurrifing Process)

1.To provide a homogeneous slurry to digester can efficiency and effectively
promote methane fermentation on.

2.Working clothes, safety goggles should be used on all operation works.

3.Provide a good device for transferring a slurry to a plant, which prevents clogging of
contents of a slurry in the inside of pump and tube, when a slurry is injected into a plant and
a liquid injection apparatus.

4.Check that there is no contamination in raw materials before operating a crusher.

5.Remove metallic, plastic and woody materials from the raw materials, because they can't be
used for this methane fermentation system

6.Don’t inject raw materials more than maximum permissible doze.
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7.Don't inject materials directly by using hands and feet without specified tools (Very
Dangerous!).

8.1t's very important to wash your hands thoroughly with soap and water after operation. If
you have putrescent or dirty things on your hands while you are eating, you can get

amoebas, dysentery, worms or other terrible illnesses.

(Pretreatment (Solubilization / Hydrolysis) Process)

1.Do’nt inject a whole amount of slurry at once.

2.Note that high concentration of slurry is dangerous to injection with a pump.
3.Check pH, temperature, amount of slurry (slurry level) in the tank at fixed intervals
4.Check the operation of stirring pump at fixed intervals.

5.Check whether there is a plugging in the tube on pumping of slurry.

(pH Adjustment Process)
1.Working clothes, safety goggles should be used on all operation works. Note that NaOH is a
toxic chemical.
2.When the acidity by volatile fatty acid to alkalinity ratio increase, the pH will drop. Check the
water level of the NaOH solution tank in the chemical pump to keep enough alkalinity for
adjustment.
3.If the pH is brought back up too quickly, it can further shock the bio-system. Never raise or
lower digester pH under 6.5 and up to 7.5. A sudden pH decrease on slurry loading can
because an upset the bacteria in the digester.
4.Check the amount of solution in alkali tank for pH adjustment every day.
5.1t should be noted that the NaOH solution must be prepared and added before the solution
is used up.
6.Comply strictly that safety goggles should be used on preparation of alkali solution Alkaline
treatment without the goggles is Very Dangerous!!.
7.Check whether air plugging is taking place in the tube from alkali sending pump.
8.Cool a preparation tank with water to suppress heat generation on the preparation of
alkaline solution.
9.Wash eyes immediately with a large quantity of tap water for long time, when alkali

unfortunately gets into eyes.

(Methane Fermentation Process)
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1.Fermentation tank(digester) connect with anti- leakage protection device.
2.When handling flammable gases, the danger of explosion is always present. No
smoking or sparks can be allowed in the gas handling areas.
3.Before using the fermentation tank according to the voltage of the product, it can be
directly connected to leakage protection switch in the fixed-line, And the yellow green
double color line firmly grounded.
4.While the digester is working, the electric heat pipe(heater) must remain under the
water, not dry electric heating tube. A overheating of electric heat pipe is Very
Dangerous in a methane fermentation plant. After each use, must be kept the
fermentation tank clean, to ensure the quality of fermentation.
5.When cleaning fermentation tank, the water spray rinse should not be used.
6.Acidity(pH) can be measured using litmus paper or pH meter if the pH sensor is
broken off.
7.Any kind of petroleum products or chemicals will kill the bacteria that produce the
bio-gas. If the tank contains petroleum or chemicals when you add the slurry, no gas
will be produced. If you're not sure if the digester is clean enough, smell it. Any
chemical smells means that it needs to be cleaned.
8.Don’t get a wrong operation timing of the slurry sending pump.
9.Check pH, temperature, slurry level in the tank at fixed intervals. Record production
of biogas and pH every day.
10.Check and record biogas composition, concentration of hydrogen sulfide at fixed
intervals.
11.Check whether substrate plugging is taking place in the tube from circulating
pump.
12.During the processing, scum occurring sometimes happens. They are small
bubble-shaped patrticles in initial stage and grow up finally to more than 10cm of big
lumps in some case. Reduce amount of slurry sending when a bubble (scum) is
generated in a tank. To reduce scum occurring, prevent oversupply of substrate by
keeping the concentration and methanogen activity. Also remove persistent
(non-degradable) substrates such as fibers beforehand.
13.Scum is generated when the conversion rate of substrate to methane decrease
according to the shortage of methanogen activity and oversupply of materials. A
suspension of fibers, glucose, oily lipid and bacteria with biogas makes thickly

creamy forms(scum) on the water surface in methane fermentation tank.
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(Biogas Cleaning/Upgrading Process)

1.Check bubble from diffusing pipe to prevent plugging by chemical’s deposition.

2.Record production of temp. and pH of the solutions every day.

3.More than 100 ppm of H,S is Very Dangerous to human body.

4 When the concentration of H,S increases to more than 170ppm, people leads to the

symptom in one hour. On more than 700ppm concentration they will be immediately

suffocated to die.

5.Typical application of H,S limit on equipment operation may vary depending on
manufacturer specifications.
Direct combustion for heat boiler will be effected by < 500 ppm production. Electricity
generation (or Internal combustion both heat & electricity ) will have the disadvantage on
<250 ppm if engine( a cogeneration engine) is used. Turbine Electricity production will also
effected on < 1000 ppm. Fuel cell electricity production will limit on trace amounts.

6.Sulfur species in biogas forms sediment in the engine oil. Moreover, sulfur settles in the
cylinder head, which may damage valve seats.

7.For stable production of bio-methane with high purity, exchange the solution of ferric

chloride (3%FeCls) and sodium hydroxide( 3%NaOH) at fixed intervals.
8.Safety goggles and gloves should be used on the preparation of the and 3%NaOH aqueous

solutions .

(Bio-methane Holding Process)

1.Check water level in water bath at fixed intervals to prevent the leak of gas, because the gas
holder is not mechanically sealed but floated on the water.

2.Methane can form a highly explosive gas mixture in connection with air.

3.Check the operation of level sensor for gas holding tank at fixed intervals.

4.Check the movement of the tank at fixed intervals, when the compressor is working..

5.Record production of bio-methane by gas flow meter or measurement of holder’s moving

every day.

(Drying Process)

1.Pull a drain pooled in the bottom of tank at fixed intervals. Otherwise the pressure raises up
to dangerous range for the tower because of clogging the tube from the compressor .

2.Note that water scattering on opening the cook of tank bottom on removal of the drain. Use
safety goggles and gloves on the preparation.

3.Remove perfectly residual bio-methane by vacuum pump on exchange of drying
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chemical(CaO).

4. Check level of moisture content level in the gas at fixed intervals. The most applicable
method for detecting moisture is a method using gas detector tube with a gas collection
device. As mentioned in e)Biogas Cleaning /Upgrading Process, it is easy for a operator who
is unfamiliar with analysis.

5. Karl Fischer titration is normally available for detection of moisture in organic liquids.
Infrared absorption measurements of the broad band for water near 3500 cm™ can also
sometimes be used for detecting water in non-hydroxylated substances. However, these
methods require skill.

6.Limestone is the most abundant sedimentary rock and is formed by the compaction of the

remains of coral animals and plants on the bottoms of oceans around the world.

(Bio-methane Storage Process)

1.Check the purity of bio-methane stored in the tank at fixed intervals. For measurement of
the purity a gas-chromatograph is available.

2Watch the action of magnetic valve on running the compressor to send bio-methane from

gas holder.

3.Record the gas pressure in the tank every day.

4.Check and record the purity of bio-methane at fixed intervals.

5.Remove completely residual bio-methane in the tank on exchange of activated charcoal.

6. Check the leak of methane at fixed intervals. Take leak-checking liquid or a mixture of soap
and water, and leaks will be indicated by streams of air bubbles.
Once a leak has been indentified, repair it soon using appropriate measures.

6.Although gas leak sometimes happen in any portion of the system, the leak from the
storage tank containing pressurized methane is Very Dangerous. In such case a large
amount of methane suddenly bows out to increase drastically an atmospheric concentration
of methane.

7.Methane can form a highly explosive gas mixture in connection with air.

8.The complete combustion of 1 m* of methane provides about 8570 kcal of heat.

4.Other points
1.1t should be noted that leachate from raw materials, digestive liquid(slurry) of methane
fermentation or aqueous solutions of chemicals may leak out from a fermentation plant to
the university campus, particularly trees-lined roads and ponds nearby.

2.The food waste of the university cafeteria as raw material should be continuously supplied

74



every day.
3.1t is necessary to check in advance whether the chemicals to use for the plant operation
should be kept in the place decided by the regulation of the university. In the case of
Nagoya University’s regulation sodium hydroxide, ferric chloride and calcium oxide must be

stored in a special district division.
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79%/21%, (2HH) 85%/15%. (3HH) 88%/12%&., IREAZ
ERFE L o Tho T,

,__.._—_.._ﬁﬁi.ial_:m P ™ — e ——-" -]

AR

' R

e

ZIN

RARRRARL
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- r —r
o8 1 . 13

o5 H 24 M

A ma

7
X 5-115 BEMGCHOI/a~ T T 7

5-117 R—Z 7 GCIT LD A H EESHEF(2)
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X 5-118 HA—Z 7L GCIZ LD A X PEESHT R E(3)

(2B bk S E D RE

INA FHAORERENR. (HALKFEOBREDR) 25720, HAT > MERIT A
FNFRE QNS R /K B HE AR AN 2 VT 8B 0 &R S 0 O LK R E
BHIE Lz, TOE, BEAEE O TIZ1 2 0 0ppm fF(E L7-fifb/KFE L, KR
HEOTIZ2ppm IZRESINTWDEN G- T,

X 5-119 7 AHEMB G (TX) &bk mmE (EX)
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98T R K OV AR
(1) R xR

R IR T DJREHEA DO RRIX, A7 7 b TRObBREMKRNIRDOND, £
ZT, WIS I ATF v 7R/ AN—ZFE L, ROITEH LR, RABEL S
AVR W IZE S Tz,

X, R KON pH FREERE NS D BAICHOWTIE, RADHAICKR—AE DR E,
BRAMNBICHFE T HF TR TE T,

BALAR RIS KL D RAHIE, TADREE (RADPIEC LN DHRE) MENDO T, #H
REDIRVERIZT 2 ENRRUITH D,

(2) %%tk

7Ty NeREITEIET 5700 flia O T AFEA K OVEKRHIRIC K D F KT 5
IR E ESoTWND,

FT. UROFERNPDL, AZ U EEIERUET AL F > TWDHOT, EEEIZ T4
ICEBEZH, RRAE —EBZFIIES>TWD, A X T ADIRBIAE R T, A X %
s E L TV 5,

X, FALKRFBIZAE~DEENRZNOT, ZORESY (2) TRLEZEFIET, EH
FNZHE L, IAVWOF#ELTF =y 7 LTS

BT, AN—=7 va— FFEICED51K, BREDSTD, KORD Z 5 12353 ~0
BORKIR Z LT B,

T ADFR IO TERTH L7720, BiEY 2L LTWDHHEITE I ETHRU,
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55 9HT  WARFIH

A LB REECTHERRT LI ZRIE S L CRIHCTE D20 RT 5720, a3 7
I Khundanland @ &%} (Khundan Organic Farm Learning Center) %&fiv. s
TECIRIEE LTHEZITH 20, RBREIT- 72,

Khundanland 3513, 21 0 Fm*OJRRZ2THZA L, H 5D H1EMEFE LT
L5, AN, A FP 7 (FAPEE AARPE) ZRIET DIREZFN, KILE L TR
RERRDFEICLTL, AFP7IFFR=E (5mx 25m) 12451 2 0K, SE=ETH
6 0 OARFE SN T WD, 7272, FIRPRNDITIL2NHAZET S, £Z T, Hik
A 40%E 20 0%ICAHIML, WA L7,

X 5-121 A7 7 hTHAKT 5 HbIK

X 5-122 ALK DFE IR A (1)
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5-123 TH{LIK DFE IR IAFR(2)

5-124 Khundanland ® 2547 07(1)

5-125 Khundanland ® 2541 07(2)
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5-128 HAKIK O EARIRIL(2)

98



5-130 #HIEINTWABAFT7(2)

NIREEFEA O EE (Cholapruek Resort Hotel ®iTlE) & iliit, 4 0 %IZ#HmR iz
VAR 2 HicAn LTz,
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5-132 [HEIFEEL DR (2)

FararzETiE, PIEEHC L 2R (it 3 0~5 OTHB, 2 0 Of%IZ#AR)
A LTV D2, RROMERELK ORFNIMEZ ZE T2 &, HEROERIER
ZH o CFEMANCHEE ST RE TH D, WE ., WERITITY o ERK VY VLAREE
NTWAER, EAICS 72> TE, WRIRTIC RS RIBETINLDOSBE T
D HEPHER S AURB N ATRE L 72 5,

FICRATE DL THLE JEHEARG t/HDOFEMENHIZ6 0 0 0L/H DM LIS
HNDHDT, ZRIZBEFIFRDTFRIND,

60,00L/Dx 40THBx 3. 14x 365=¥275,064,000
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108 ANG HAE{THER

BT, ANG RERTE Y > 7 OISR LT, 2AEREN SRS A
CHBEIEM N DA LT A X U T AERELE L, ANG NA A A X U HEE (M5-1 4
3) THRAEBBENONAAL AN AT T M ETORMEEMEREIT-> TNDER, T =
>3 7 TIETHRBRAZ R 2 643 A1 0 HIZHEM LT-, A OEIERLZDEEL
HY . TEBIITHRENTZTZOMEREN, ETRBRAE Y X0 IZRoTLESTZFER
BaThoto, ZOHBBIIIRIERZFEDREL Y v 7 2HH L TR0, Ifishiz
WNAFAB L EWRELE UCEITT 5, ko CNG HEVED X 5 72/t (2 0 MPa)
DR Z 7 TlI7e, o7 DAL UFEETNT 1 MPa Kifi Th 5,

5-133  EATERBRICH - ANG XA F A Z o HE)HE

BUE, 4 ERFTIEIERK 2 & O I WE R O REUEN L2 D TR Y . RXUE
TTOAZ AR L it L, 1 MPa TRoAEAIARE (AT 2 > 7 5F8) @ 2
O OfFDA L AR Z HIE L T\ 5, FEISHIUE, ETHREZ CNG LR LI
FTHITTHENTE, ANG A A A X HBEOEEA~DENREDO LD LD
EHIfFEN D,
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5-134 A F A X o HEVHE AR Y 7

5-135 H#iH ANG RN 7 #wiEI12#5# L7 TOYOTA Hi-Lux (LPG {EA£H)
5-140 DB > 7 7 v 7 — TR M BEIEY IR IE OERR I 95 BRI TEA I,

BRI UTARE ANG BB 2 o 7 458 L, E1TRBR &2 1T - 7=p1. R
<HEAT LT,
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%] 5-136 BREFZ 7 NET1(0.6 MPa) X1 5-137 EATIC L Y ESMEK T (0.5 MPa)

1 OLE R & A

(1) Ko D 7= 8 DR FF AT

ANRAF AR X NVF =V AT DB TE L SEL20, FarFarzRexnx
NEX—EHEWHRL, YIab—Ta 2TV, ZORRELEIC, 77 0 MEEORE
P2 SEA L 72,

BRIZIZ, =T AV oA/ a— P RPICHRE L TWDLET T b (B R 6
0 Okg/H) OiEfskERA LI, WEEG6 t /HOEERAr—17 T v k&l - &
L CHEIET DA 2E L Tiro T, ARV AT AR F R — )VEBRRR b Ef R
r—NVORAZE D, A%, FA TAEXZ— R LT AMay NAT—LT T MNZ
L23GET Y =7 FORRRIL, XA ~DOYRFELED D DICEE R EREZFFO
EEZLND,

Q) NA F T AFRAEROHEE
NAFHADRAEREIT, A EERFETEEOICHATE 2T — 2 bRE L2, &
ANEEIZ L > TEENRS D, BILFEEDIIZMIBAS TND0DLNLRNO T, H<
FTHRAEE L EDRENRAN L —2 a VAT D ENEHEORE L 20 | F¥EL
DRI, T ARAEEIMTEI GBI L2 U 27 #E 2 T MLERH D,

< EER R —)L (JFUBHMILER R © 6 t/D, HZMEEE : 1t/D)
- VSOfiEEE%E 9 0 % L NE

« TAFEEHR (Nm?/kg) : 0. 89

- fREREY)E (Vs :kg/H) 851

c AL PRERE 6 5% ERE (FarF I 7 OFEREHE)
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s NAFHAFEERE (Nm?®/ B) =naHmE (Vs kg/H)
XV s OfifR x B AFRAER (Nm?/ kg)
s AZ AR (Nm®/ H) =~ A HARERE x AZVRE (GCHINC
X, 65%LHE)
ERA X RBFENC L DHEERER : "M AT A681.65Nm?/H,
INAF AKX 443.07Nm?/H

.

i

(3) =R NF—APERDOHETE
AARELZ ATl - RET L7 MUEHAT L 2=2=y RO OMRE, A%
AN ERIT RS L ABE L CHEE LT,
CBENRAFTRAZ EBENAFT AR AR 443. 07 Nm’/Hx 0. 717
kg /Nm* =317.68kg /H
s TARX AR N A AKX ER317.68kg /H x @RS 5. 3
5MJ/kg =17,583.59MJ /H
c ATV UREZE 0 30 %
- HEERER TR VX —AEER17,583.59MJ/Hx 0. 3
=5,275.08MJ /H
5,275.08MJ /H =+ (24x60x60) = 61.05kW
61.05 x 24h = 1, 465.2kWh

(D IXAFIAIR A F A B RBIZL DRBEOLHE
c RXAFRAZ L DFRERHF 1, 465.2kWh / 443.07Nm’CH,
=3. 31kWh /Nm°’CH,
- [EEMRS E BB K DA A~ X (R F FEBET Ao A~ ) ESD
EUVHELY k& : 6. 354 8THB (1 9. 95M)
(2% . BARDYE) 3 91/ kWh
- B mefl (EE S E BRI B DS A A A& U FEEHE
19. 95HM/kWh,
19. 95M/0. 3Nm3CH,=66. 5H/Nm3CH,
c NAFAZEITEOCIDICE Y RIAF DA -
66. 5 F/Nm3CH, x N"AAAX IER 443.07Nm3/H
= 29,464.16M/H =10,754,416.57H/4FE

(B5)FEHE (6 t/H) X—ATOaRRE
6 t/HAT— VDOREEECIRE (REHEAR : 6 t/H, F@EER: 3 t/H)
- G - FRIEE
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(PECHE - 7/ Tx@E) 30,000,000H
(A, WE, AATHRE - ¥4 T#E) 30,035,000
s =y BNGER RWE - SRR, RIS, pH SR, 1 URTEEERE. 2 RIEIEE.
ARG — F 1R F2RBUMl, a7 vy — HiRE,
BpE s 7, a2y ha—/3x % 1K)
R (A AT AERAF e C 1 ,/NaOH/CaO/iFMER)
1,218,493H (388,055THBx 3. 14)
- AN#E:904,320M/4 (288,000THB x3. 14)
(2 A, 12,000THB /H/A\)
- PR . (2 0% x AMEE)
180,864H
- FLE (3% x il - FEH)
(24, FER-OAMEH) 900, 00 0M/4FE
(ZA, HE - 214 - AARELEH) 901, 05 0 /4
- FEEME  HEENIOOKWh/HELT (0. 6 t/HAF—L 7T FEMK
D HEE)
4,951,152M/4 (900kWh /Hx 36 5Hx4. 8 0THB /kWh
x 3. 14)
- JEEM CIBEA) © (BARRE{UE) 4,200,000H

(6) FEHIEEA 2 A0 L 7o iR MRl (R OS5 &
AATOt/HOFEEAr—/LOE - RE - Eizx L, AU TRACKVEGNDE
&% [ E S BRI I SV THE VI 2521 5, BB CTIAZSGS EEET
HE FHOFBEBIANILT V=7 aR e ERIZ0N, —Bi978 07 A3 Ot 5L
1 SAETHRIMENZE X 5L, 6t/ABBOT T FTIERL, B tHEOT T
FMEANEE LW, PIIREEOENIIHMFIZE O R & | FIFBE [FIFE O KiE e
FMENRIAENDINE TH D,

X, FarFalsBRIH0BERICET LT — 2 2o Tnanicd, 22 TiEK
A LT B BESEY) & BERIE: U726 OBRE [ IH I AN 0 o T2, FAZEEHEREA 23
VBRI eI K D RIS BRI AN 2 o 7o pd, FEBRICFE AT H BITiE, Wi
NWHHIUCERT 27 7 7 F— L 725, RIASEIXIRIE & FEH ANG AR X iR5e %
FAIEE, HE L TITE 20 E N I TRNAZZ R Lo, < FEEFHEIIT
WO ARy FTA SPUTORBIEN, R LTS T AL DITADE FOHF N
MAb, TRAFXF—BURE & BITRTTTRETH D, SENTHMIZ NS A A X D4T
S THRELTEET D &V IRED FRFHFAM AT 7223, FEMLOBRIZIE, —

105



I ADOEE, EVITELKLE LTCHATAEAD Y I 2L —a b AEES
ETETEET, "M AT AT T MNEEROE %%9&“920@%7V§/k0
WTORREHMETH D,

WAL Z A DLE | BIRF R TIEAA A~ AR EO R EMEIME A BTV D08,
TARNAF—BERNZED Y | I ARG HOMIEIZE] & bIF bizihs, ¥4 TOEY
FAF ¥ AR EL 2D, XA DI LF—H1T, D &b 1 0FELNIC
2 5% Db ARE e AR AL F—FE TR T LOBRATHH L, =L —pE
KOFERZTH L T2,

#F5—6 FHGEERZARE L 7ok g R

A=yTvarh  KeIv=vyTaxh gv=yptaxh HEES EORMEe AEES REE
(EEHEIAZ)  ( EBIEHELSN)

(1) (M) (M) (kWh) (M) (kWh) (kWh)

(FE RSN Hh [E B oD 2 fe ] )

34,200,000 8,154,829 3,203,677 328,500 4,951,152 534,798 206, 298

#5—7 RERETILAEOFMIEORE

7 A
W4 () 10, 754, 417
3 8, 154, 829
(U RIERS 2, 599, 588
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% 1HE BARAIRR

(DA HRRKFETIE 8 FHITbEs T, A A XV ZR A=V AT O L —
2 U EITHO TELN, RVAT LAOR R ETEN L TCERY A ADOT T 0 N dikiE
W HI2IE, RFECHDLTIHRAT—v (JFEHRAZE 3kg/H) 2LV AT —1LT v
TR A= (Sfay bR =L HE kg /HHEN) OF T FORERE
EHENMLECThHHoTz, 5B, "M ay NAF—)LDF T MNEIZTYH, RET T
b ERRRD T AL & A E BT DA FAZ 3G H5FNH BT
Rolre TNTEEAF—ILDOT T MEE~ORULURSOWZEEZ BN D,

QAR EIEIZL T, RV AT L2 2 A4 PPETHE - ZEBET L2550 I b—
va vy EITVD, TORFHEIREZTMLU-FICL Y XA TH OB S
DENGMoT, FA TRV AT LENN T T b aRE - RETLHHEITLD,
FAHERDO =RV X—FIHMEETE D EZ 2 b5,

(3) —H T, RVAT AF, Ak, BT - AT AELTHHANRARET
by, BANEESt kg 0268+ M ETOEERT T MELT, =X LF—%
VLT HETOIEMANHED EfElE Sz, 5%, MiERD 2 0 IxARIE L~
NTOT Ty MEHRIZL Y X VX —FHFHEZED TP X720,

() FEEEL I LT DKL, KRR OSE L, BEIRAIR AT\ ST L 47 COD,
BOD U~JUICARIH L= BEET AN H D, L LIEAET DR EDOTHLIK
EBEZDE L ORI ARERIED R D Biv, FORRBEE, SR e iR H Rk
HHENTWD, LnL, GFEl, XA FHAT T MnbBENT-AERSE THIRL
T VAR DA % 5206 L . BRGREZILE S L CHIFIANRAEETH D EN DT,
ZHUTED, ZAHDNTZEDOMOE AT, KRN - BEFRENZ A X 5
TZRNAF—LT 5 & &b, EWREFIC LM CRERIEIEIE O MG 3 ATHE T H
5HEbnoT,

G)FERR L RORREITH FH T, ANG ¥ 7 & —fEFECTHEICIEH TE 20
ol KREATIZEET 2 2KROFEETD ANG FREHAR OB AL U8
e, HEICOVWTEBEE A BROMEEA X —Ea— LR, 4%k, FhEiRE
e L TANG R R_REERTEDRBLEDN,

B)ETTRBRIZ LD . ANG BB > 7 2458 LT BBV O EIT R FHE T H 2 FH D0 )
STz, BUE, A HERYTANG BREHITERZ 7 OUnER K OA Z RAEAIOUE
ERERTHY ., TOMERIZE Y CNG BICIESERENSE LN D E WSS,
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F2H BERIAR

(DAY AT MZIEASNW =TT > s OiEls 71 & O ER AR ORI 715 % | 38 % 3%
BLEY—TFT AV oA a—NREFT LT v 7 BROBEFHZEE  ORFRAEIC
BE LIAER, ¥ A COEIEREZ BT ERAREE o7z,

QRFEREORILFEFEMZH O TEMEONA A X U PNEERRETH L FEHE
LGSR, A4 TORFIHERO =R N X —IEHOMNBEEEZRBFH S ELFENTE

oI, 20k, RIBOLIEHT X A BFHNIZEB W THEIEY O = 320X —(LHIT 22
Mg —F— LR BAREMNN D 5,

3 H HRAECR

BUE RO, FEPEN, 1 HRFICF2L—y a3 VEBBLIZICLE )b 6

TR TARERREEN O ZHORLENN, BATHE3A8HD2E], 7

VE(CH3) TAT 7 v b3t Sidz, B< b 2 5 EADGE LNE E L, R
LTI —EEHETTH D,
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FTE AHD

Wi
Se
rﬂm
piiin

% 1HE PR

NA By AT =)L TORI AT ML, ZEREIRIIFRETH 573, RIEFERITIZH
L3 TE TV, FRCHAFEEIK O B 8 AW, TR 7 — /LB BB
. SEBETT A MER D D,

X, HEBEBOREEE L, @URAENTZDVE— o) o rzhe HICHE
WizVE—hary e — L b, BIFEAL THET,

Wiz, EEROMEL & BT OO 7=, T AR KOBA SR~ DEH
BRRET L2, 7272 URREIT, IRV EETH L7, 2 A MNEITTRO HFITT
ERAYAN

b EERHBEIL, ANG 7Y v 7 IS T 5 A X VWER] (K77 v b CrilEid
EOIEYEIREER) DA X VWERRN Z @O DL ETH D, IHEREITH Y 7 [Z T8
T5&, RRIET TR LGS L, 1 MPa TIEMERERE (AP Y v 7 25F8)
D5 OfFD AL I ARTIEH FIRE T D, 44 iR K 7 TITIEME R 2 3 0 7o W #l oWk
HREEME 2D TR Y . IMPa THAERIETED 2 0 O fEiTa Hff L T\ 5, &
Bliud, EfTiEREEZ CNG LR CICE TEIZTENTE, ANG XA A A X H
HHEDOEAEA~DEPBIED S D L5 L HIfFS LD,

%28 FE - T RA~OHRE

KL AT DEFENTH-OI2IE, IO & BREEYOIEE T ER N— FL &
2%, Tarra sz T, BRICEEREITIOSHIF v o _X— 2B L, FAER
BT AL FXF—ICOWVWTOHEMEZREDO TH DL I TLODRRABEEZIT>TWVDHN, N—F
N L T AR, BAEEDUSNOEORAEBEd & Th D, EERE
Yy, L3, FERHMEERES, HIRIZ K> CAFERR S R EE TR D728, il 7oAl
BAEOLBRE L il e 5w,

X R DI OINI BN I A RN =2 a U RA VT T UANTELT V=T D
BHRERN,

MRDOFERN D, VAT LOHER L, Ra R MUITKIEDOBRE L 72 5,
BUERZ O, RFPFEEEOIRICLY . Bx OREEEZ 7k L, FEMA~ L —BEH
HHTENTE T, a7 a7 BEiamEng i, b, ARICEMET2EE
AN&Z ~DREHOKEFH & ST, AFFERT & FIRE T ¢, A~— b7 o RSO
OO, FOEMINTENAA T AL TRV FXF—V AT AEHE L T REE L0
DT D,
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	表5-1　ユニットの仕様リスト
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