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PRAPHON CHOOPRASERT : IMPROVEMENT GUIDELINE OF
ENERGY SAVING IN THAI TRADITIONAL SUGAR FACTORY :
A CASE STUDY OF RERM-UDOM SUGAR FACTORY.

THESIS ADVISOR : ASST. PROF. KEERATI SULUKSNA, Ph.D.,

139 PP.

SUGAR FACTORY/STEAM BOILER/ENERGY CONSERVATION

Generally, traditional sugar factories face the problems of energy efficiency and
management issues. The aims of this research were to explore, measure, and analyze the
causes of energy loss in the system for suitable measures to solve problems that can save
energy in the case study of Rerm Udom sugar factory, Udon Thani Province. The result
of the analysis shows that the main eneigy losses in the production process, including
exhaust gases, incomplete combustion, burn residue, the radiation, and the blowdown
were equal to 17.2, 0.2, 0.3, 0.3, and 0.9%, respectively. The boiler efficiency was 81.1%.
From the data analysis, four energy conservation measures can be proposed as follows:
(1) The installationyof the economizer found that it can irerease the boiler efficiency
of 3.8% equivalent to the electiicity produced 292,716 kWh/year corresponding to
1,229,409 Baht/year, and the payback period is 5.86 years; (2) The installation of
the automatic blowdown found that it can decrease blowdown 2.72 tons/hr and can
increase the efficiency of 0.3% equivalent to the electricity produced 85,738 kWh/year
corresponding to 360,098 Baht/year, and the payback period is 3.05 years; (3) The
insulation of 2 inches thick around the condensate tank results in increased power
generation 79,454 kWh/year corresponding to 333,708 Baht/year, and the payback period

is 1.28 years; and (4) The produced steam from the boiler was preliminarily used for



power generation from the steam turbine after that the lower temperature steam from
steam turbine was sent to other production processes. The last approach to improve
the system efficiency can increase the electricity approximately 820,829 kWh/year

corresponding to 3,447,481 Baht/year.

School of Energy and Logistics Management Engineering Student’s Signature Hﬂ[#‘f h Ch.
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12 55.39 2.5 180 2,821.6
13 272.37 2.5 180 2,821.6
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HiloQu H-1 H-2 H-3
8A31M3 1¥ia m, (tons/day) 14,971 14,971 14,971
gauigil lewde T, (°C) 96 102 109
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Improvement of boiler efficiency for Rerm-Udom
sugar factory

Praphon Chooprsert'”, Keerati Suluksna', and Preecha Tummu?®

!Suranaree University of Technology, Institute of Engineering School of Energy and Logistics
Management Engineering, Nakhon Ratchasima, Thailand

2Udon Thani Rajabhat University, Faculty of Technology, Department of Energy Engineering, Udon
Thani, Thailand

Abstract, The objective of this study is to conduct a field survey, including
data collection and measurements to study the potential of energy
conservation measure of Rerm-Udom sugar factory in Udon Thani. The
boiler efficiency is measured and calculated using the indirect method. The
results of this study show that the most significant loss of the boilers is heat
loss due to exhaust gas, which is 17.2%, while the rest heat loss 1s around
2%. The proposed energy conservation measure to improve the performance
of the boiler is to install the economizer, which helps to increase the boiler
efficiency for 1.5% and helps to produce additional electricity for 2,362,800
kWh per vear or 7,088,400 Baht per year. The investment cost of the
economizer is 7,200,000 Baht and the maintenance cost is around 1,000,000
Baht per year. Therefore, the payback period of the energy conservation
measure is 1.2 years.

1 Introduction

Thailand is an agricultural country. There is a large amount of biomass energy from
agricultural waste after harvesting. The Department of Alternative Energy Development and
Efficiency (DEDE) reports that sugar cane harvested in Thailand was 7.8 Mtons/year,
equivalent to electrical energy 6,717 GWh/year [1]. Thailand Alternative Energy
Development Plan (AEDP2015) indicates that the share of renewable energy in electricity
generation is 9.9% in the year 2014, and the target of the use of renewable energy is 30% in
the year 2035 [2]. Thailand Power Development Plan (PDP2018) plans to increase electricity
generation capacity from biomass powerplant for 520 MW, [3]

Rerm-Udom sugar factory is located in Nonghan district, Udon Thani province. The
production capacity of the factory is around 15,000 ton sugarcane per day, and operating time
is 110 days per year. The main products of the factory are sugar production and electricity
generation, as shown in Figure 1. More than 90 percent of energy use in the factory is in the
form of thermal energy in boilers. Bagasse, which is a waste of sugar production is used as
biomass energy for steam generation in two boilers, which both capacities are 200 Ton/hr.
Steam production from the boilers is around 314.37 Ton/hr, which is used for both sugar

* Corresponding author: chooprasert@gmail.com

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative
Commons Attribution License 4.0 (http://creativecommons.org/licenses/by/4.0/).
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production process (The boiling process of sugar cane juice) and supply to a steam turbine
for electricity production.

The objective of this study is to conduct a field survey including data collection and
measurements to study the potential of energy conservation measures of the boilers and the
factory.

Fig. 1. Process flow of sugar production and electricity generation of Rerm-Udom sugar factory.

2 Research method

The method used in this study is as follows.

2.1 A Survey and measurements of the boilers efficiency

A survey and measurements of the efficiency of the boiler of Rerm-Udom sugar factory were
conducted in February 2020. The boiler type is a water tube boiler, and the biomass is fed
onto the grate as overfeed in a stoker combustor.

2.2 Equipment and instruments

Equipment and Instruments used in this study are shown in Figure 2, comprise 1) A flue gas
analyzer model Testo 330, and 2) A thermal imaging camera model Testo 865.

)

a) A flue gas analyzer model Testo 865 b) A thermal imaging camera model Testo 330

Fig. 2. Equipment and instruments used for measurement of boiler efficiency.
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2.3 Measuring and calculation method for boiler efficiency

Boiler efficiency calculation is typically calculated using the method in [4], Department of
Industrial Works [5], [6]. The method used for boiler efficiency measurement in this study is
the indirect method called the “Heat-loss method” which is also used in Prangmanee,
Prakaew [7], [8]. The measured parameters are shown in Table 1, and measuring methods
are shown in Figure 3.

Table 1. Measured parameters for boiler efficiency calculation.

Parameter Equipment used/Analysis method
02, CO, CO2 Flue gas analyzer
Flue gas temperature Flue gas analyzer
Boiler surface temperatures Thermal imaging camera
Boiler blowdown Daily check sheet
Unburned Carbon Laboratory analysis

a) Surface temperature measurement ~ b) Flue gas analysis ) sh sample collection
Fig. 3. Measuring Method (Indirect method) for boiling efficiency.

As mentioned before, the calculation method used in this study is called the “Heat-loss
method” which is the indirect method. Therefore, five losses of the boilers were calculated,
and boiler efficiency can be calculated as follows.

1) Boiler efficiency

Boiler efficiency can be calculated by using Equation 1.

iR ={1—( L HXIOO%
H +0 M

where 1), is boiler efficiency , L;is summary of heat loss ( kl/kg), H;+Q is summary of
heat input. ( kJ/kg)

2) Heat loss due to exhaust gas (L1)

Heat loss due to exhaust gas can be calculated using Equation 2.

L=Ge,(t,-1,) -
where L, is heat loss due to exhaust gas (kJ/kg), G is the actual amount of exhaust gas per 1
kg. of fuel (m¥/kg fuel), ¢, is mean specific heat of exhaust gas, 1.38 kJ/m* K ,z, is the

temperature of exhaust gas (°C), f, is base temperature (°C).
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3) Heat loss due to unburned gas (L)
Heat loss due to unburned gas can be calculated using Equation 3.

L,=126.1[ G, +(m-1)4, ](CO) .

where L is heat loss due to unburned gas (kJ/kg) , G, is the amount of theoretical dry exhaust
(m’/kg), m is excess air ratio, A, is the amount of theoretical (dry) air.(m*kg).

4) Heat loss due to unburned combustibles in the burnt residue (L3)

Heat loss due to unburned combustibles in burnt residue can be calculated using Equation 4.

L, =339, @

where Ls is heat loss due to unburned combustibles in burnt residue (kJ/kg), ¢z is unburned
carbon content.

5) Heat loss due to radiation (L4)

Heat loss due to radiation can be calculated using Equation 5.

100" 5

where Lz is heat loss due to radiation (kJ/kg), /; is the heat loss % due to radiation, which
corresponds to a low calorific value.

6) Blowdown loss (Ls)

(h/)u‘ - h/ir)
mf

Li=m,, ©)

where Ls is blowdown loss (kJ/kg), misa is blowdown rate (kg/h), hs. is enthalpy of blowdown
waler (kJ/kg), /s 1s enthalpy of feed water. (kJ/kg).
3 Results and discussion

The results of this study are as follows.

3.1 Boiler efficiency

The surveys and measurements of the efficiency of the boiler of Rerm-Udom sugar factory
were conducted, and the results of the analysis are shown in Table 2. And after using the
Equation 1-6 to calculate the efficiency of the boilers, it is found that the efficiency of the
boiler is 81.14%.
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Table 2. Parameters measured from the boilers.

Parameter Abbreviation Value Unit
Steam flow rate ms 314.37 Ton/hr
Steam pressure P 29 Bar
Steam temperature ts 400 °C
Flue gas temperature te 196 °C
Blow down flow rate Mbd 5.03 Ton/hr
Yearly operation hr. 2,640 hr/Year
Heat loss due to exhaust gas Li 1,041.9 (17.2) | kl/kg (%)
Heat loss due to unburned gas L2 12.2(0.2) kl/kg (Y0)
Heat loss due to unburned combustibles in burnt residue Ls 15.2(0.3) kl/kg (%)
Heat loss due to radiation L4 19.7 (0.3) kI/kg (%o)
Blowdown loss Ls 56.6(0.9) kl/kg (%)
Boiler efficiency n 81.14 Y%

3.2 A Proposed energy conservation measure

After calculating heat loss using Equation 2-6, it is found that significant loss of the boilers
is heat loss due to exhaust gas (L1) with 17.2% and temperature, and flue gas is 196°C that
is very high. Therefore, a proposed energy conservation measure for the boilers of Rerm-
Udom sugar factory is to use heat recovery equipment called “Economizer”. The advantages
of using economizer include: It recovers more heat of flue gases and heating the boiler feed
water for reducing the use of fuel and increasing boiler efficiency.

Design of the economizer
For calculating and designing the economizer size, data from the survey is required includes:
1) feedwater temperature and 2) temperature of flue gas. After that, Log Mean Temperature

Difference, LMTD is calculated using Equation 7 (Calculation method is in [9, 10]). And
calculation criteria are based on the parameters in Table 3.

Table 3. Parameters for calculation of the economizer.

Parameter Abbreviation Value Unit
Overall heat transfer coefficient [6] Uo 31.71 W. (m? °C)
Log Mean Temperature Difference (LMTD) ATim 70.23 °C
Inlet Temperature of Economizer Tai 105 °C
Outlet Temperature of Economizer Ty 120 °C
Ap _AT-AT, )

Im ™
In AT,
AT,

where AT is Log Mean Temperature Difference (LMTD - °C), AT; is the temperature
difference between feed water and flue gas (°C), AT, is the temperature difference between
outlet water and outlet flue gas from economizer. (use the value in Table 3.)

Next, rate of heat transfer in the economizer can be calculated using Equation 8.

Orco = hvcg (ta;l - 2‘3;2)
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= U()AI)AI}.M (8)

where Qrco is heat recovery from the economizer (W), U, is the overall heat transfer
coefficient of the economizer. (W/m?-°C)

The heating surface area of the economizer (4,) is calculated using Equation 9.

_ QE co

UuATi.m (9)

And the economizer configuration from the calculation is shown in Figure 4.

Fig. 4. Configuration of the economizer.

Next, the boiler efficiency after implementing the energy conservation measure (installing
the economizer) can be calculated by Equation 10.

- ms (hc —h"')
(Q,w =Orco ) (10)

where /4; is the enthalpy of steam at P and t; (kJ/kg), /.. is the enthalpy of feed water (kJ/kg),
Quia s heat input before implementing the energy conservation measure. (kJ/kg)
After that, fuel conservation, after installing the economizer can be calculated using
Equation 11.
LHV (11)

where myis the mass flow rate of fuel (bagasse - kl/kg), LHV is the low heating value of
fuel (bagasse - kJ/kg )

Next, additional steam produced by the boilers from the recovery heat of the economizer can
be calculated using Equation 12

B i, xnx LHV
h,=h, (12)
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The additional steam can be calculated for additional electricity produced from a
generator of the factory by using performance curve data of the generator brand SHINKO
(As shown in Figure 5) with the capacity of 9 MW. The performance curve data can be
regressed using the linear regression least square method. And the relationship of steam flow
rate (Ton/hr) and electricity generation (MW) is as Equation 13. Electricity sales price the
factory is around 3 Baht per kWh; this data is used to calculate the cost-effectiveness of the
energy conservation measure in the next section.

Fig. 5. Steam turbine-generator brand SHINKO with 9 MW capacities.

P, =6.76m, +27 )

where P, is power generation from the generator (MW)

The calculation results of the boiler efficiency after installing the economizer (n), heat
recovery from the economizer (Qrco), additional electricity of the factory, additional income
from electricity sales, and investment cost of the economizer are shown in Table 4. The boiler
efficiency is increased by 1.5% and can produce additional electricity for 2,362,800 kWh per
year or 7,088,400 Baht per year. And by considering the maintenance cost of the system is
around 1,000,000 Baht per year, therefore the net income is 6,088,400 Baht per year. While
the investment cost of the system is 7,200,000 Baht, the payback period of the energy
conservation measure is 1.2 years.

Table 4. Boiler performance and cost-effectiveness after implementing the energy conservation

measure.
Item Abbreviation Value Unit
Boiler efficiency after installing the economizer n 82.69 %
Heat recovery from the economizer Qeco 5.57 MWt
Additional electricity - 2,362,800 kWh/year
Additional income (3 Baht/kWh) - 7,088,400 Baht/year
Investment cost (Installing the economizer) - 7,200,000 Baht
Payback period PB 1.2 Year

4 Conclusions

This study aims to investigate the method to improve the boiler efficiency in Rerm-Udom
sugar factory in Udon Thani. A field survey and data collection and measurements were
conducted in this research. The boiler efficiency is measured and calculated using the indirect
method. The results of this study show that the most significant loss of the boilers is heat loss
due to exhaust gas, which is 17.2%, and the rest is around 2%. Installing the economizer is
the proposed energy conservation measure to improve the performance of the boiler. After
calculation the boiler performance after installing the economizer and cost-effectiveness, it
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is found that the boiler efficiency is increased for 1.5% and can produce additional electricity

for 2,362,800 kWh per year or 7,088,400 Baht per year and from the investment cost of

7,200,000 Baht and the payback period of 1.2 years.
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ABSTRACT

The energy efficiency of traditional sugar factories is relatively low. This research aims to explore,
measure, and analyze the causes of energy loss in the factory to propose energy conservation measures for Rerm
Udom sugar factory, Udon Thani Province. The result shows that the most significant loss can be categorized into
four sections, Therefore, four energy conservation measures are proposed as follows: (1) Heat loss due to exhaust
gas. The measure is the installation of the economizer for increasing boiler efficiency. This can increase the boiler
efficiency of 3.8% equivalent to the electricity produced 292,716 kWh/year corresponding to 1,229,409 Baht per
year, and the payback period is 5.86 years; (2) Heat loss from blowdown, the measure is the installation of
blowdown controller which helps increasing the boiler efficiency for 0.3% which equates to the electricity
produced 85,738 kWh/year corresponding to 360,09 8 Baht per year. The payback period is 3.05 years (3)
Radiation heat loss of the condensate tank. The measure is the installation of 2 inches thick insulation around the
condensate tank. This helps increasing power generation by 79,454 kWh/year, corresponding to 333,708
Baht/year, and the payback period is 1.28 years; and (4) Heat loss due to improper steam management in the
factory. The measure is to preliminarily use produced steam from the boiler for power generation. After that, the
lower temperature steam from the steam turbine was supplied to production processes. This helps to increase the

electricity by approximately 820,829 kWh/year, corresponding to 3,447,481 Baht per year.
Keywords: sugar factory, steam boiler, energy conservation
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Abstract

This study aims to study steam consumption efficiency of Thai Traditional Sugar Factory by using
the thermodynamic simulation method. To be a guideline for assessing and forecasting the demand for
steam in the production of raw sugar and electricity in traditional Thai sugar factories using a case
study of the sugar factory in Udon Thani province. The method uses analyzing the energy and mass
balance method. After that, the calculation results and the actual demand for steam is compared. The
variables used in the calculations to assessthe demand for steam consisted of the amount of cane
crushed, the amount of electricity produced for use in the factory, and the amount of electricity for
sale to PEA. The results are found that the calculation results and the actual values are very close. The
tolerance is 0.52-7.57%. Therefore, it is concluded that the results of this study could be used as a
model for assessing the demand for steam in traditional Thai sugar factories. And help in the analysis

of production and using the efficiency of steam.

Keywords: Energy Balance, Energy Simulation, Sugar Factory
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=56.95 kJ/kg (0.9%)
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(v.1)

(v.2)

(v.3)

(v.4)

(v.5)

(v.6)

(v.7)
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. 20NTIIY m3veunevenlsd | miveulaeenlua
e I (03] (CO) (Co,)
MInAgo
% PPM %
1 13.30 9.8 151 11
2 13.45 8.9 274 11.7
3 14.00 8.6 300 12
4 14.15 8.4 320 12.1
5 14.30 8.5 289 11.5
6 14.45 8.3 296 12.7
7 15.00 8.8 320 12.8
a39f 1.2 Mufinamsasanfasanims lwanazqungivesvide levh
na | 9AIIMS3 qmvsgﬁ% onnMsiva | quungil | anuAy | gumgilves
Hornin Tosin Norin losin maslerae
tons/hr °C tons/hr °C barg °C
13.30 170.00 98.00 164.00 408.00 27.10 197.00
13.45 169.21 101.30 165.00 400.20 26.96 196.20
14.00 167.05 103.40 174.30 401.30 26.63 197.60
14.15 168.75 100.90 167.77 403.17 26.90 196.60
14.30 168.34 101.87 169.02 401.56 26.83 196.10
14.45 168.05 102.06 170.36 402.01 26.79 195.60
15.00 168.38 101.61 169.05 402.24 26.84 195.10
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3 nm A5INA19 MU MU Mude MmuIN
1"FL. | 2"FL. | 3“FL. | 1"FL. | 2" FL. | 3“FL. | 1"FL. | 2" FL. | 3 FL. | 1"FL. | 2" FL. | 1" FL. | 2" FL.

1330 | 55 517 | 53.1 49 492 | 635 | 829 | 507 | 528 51 54.7 43 50.6
486 | 50.6 53 475 | 484 | 637 79 505 | 523 50 529 | 456 | 552

484 | 637 | 543 | 467 | 635 | 529 | 484 | 529 | 529 46 512 | 416 | 462
1345 | 51 547 | 556 | 492 | 635 | 578 | 492 | 635 | 578 | 492 | 635 | 484 | 63.7
50 529 | 578 | 484 | 637 | 529 | 484 | 637 | 529 | 484 | 637 | 484 | 63.7

46 512 | 567 | 635 | 578 | 529 | 529 | 484 | 529 | 475 | 529 | 492 | 635
14.00 | 475 | 484 | 517 | 53.1 635 | 492 | 635 | 829 | 507 | 517 | 531 | 484 | 637
475 | 484 | 506 53 475 | 484 | 63.7 79 505 | 50.6 53 63.5 | 57.8

517 | 53.1 | 529 | 475 | 529 | 475 | 529 | 484 | 475 | 635 | 529 | 484 | 637
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A15199 .3 uuﬁﬂwamimamﬂqmwgmmmmamﬁ’e%m (919)

1IN !ﬂ%i’)@i’éui’ﬂﬂ]ﬂ

3 na A5INA19 MU MuUUN MU MmMuUIN
1"FL. | 2" FL. | 3“FL. | 1"FL. | 2" FL. | 3“FL. | 1"FL. | 2 FL. | 3“FL. | 1"FL. | 2" FL. | 1"FL. | 2" FL.

4 14.15 | 50.6 53 475 | 475 50.5 492 | 635 50.5 51 54.7 529 | 492 63.5
48.4 63.7 505 | 484 | 63.7 484 | 63.7 52.9 50 52.9 484 | 484 63.7

63.5 48.4 50.6 51 54.7 484 | 484 | 475 46 512 52.9 57.8 52.9

1430 | 492 63.5 475 | 484 | 5209 484 | 517 53.1 475 51 51.7 53.1 63.5
48.4 63.7 48.4 46 51.2 529 | 50.6 53 492 | 635 50.6 53 52.9

50.5 475 484 | 484 | 637 484 | 475 | 475 484 | 637 63.5 48.4 63.7

1445 | 52.9 51.7 53.1 529 | 484 637 | 517 53.1 57.8 51 529 | 492 63.5
475 50.6 53 57.8 52.9 475 | 506 53 51 51 57.8 48.4 63.7

475 48.4 475 | 484 | 484 637 | 529 | 475 529 | 484 63.7 63.5 52.9

15.00 | 475 475 51 54.7 2ET 53.1 47.5 51 547 | 635 49.2 63.5 51
49.2 63.5 50 52.9 50.6 53 52.9 50 52.9 51 48.4 63.7 52.9

48.4 63.7 46 512 | 475 529 | 578 46 512 | 52.9 529 | 475 52.9
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A onH3Ed Al [aretd
4
8n31M3 Inavesleii m, 314.37 tons/hr
4
aNuAuYed o1 P 29 bar
gaviglvesle t, 400 °C
a [+ 9
gurigiueImam 1ngd t, 196 °C
80313 ludaai m,, 5.03 tons/hr
%2 TuaM5 Y hr 2,640 hr/year
Y = 4 =
anudougy@ennmeloids L, 1,014.35(17.2) kJ/kg (%)
anwgaydeninmsien Tned lauysal L, 10.10 (0.2) ki/kg (%)
anugardsnInnswn Tnil livua L, 16.95 (0.3) ki/kg (%)
ANUGYAININMTUNTIT k, 19.7 (0.3) KJ/kg (%)
= o o

ANUgFsINN3 TudInng T 56.6 (0.9) ki/kg (%)
Uszaninmveniio loih n 81.1 %
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|
Report No: MIN 2018-00518 - 001
BANGKOK: March 2, 2018
ANALYSIS REPORT

We determined the analysis results as per the request of Chote Chotinuchit
which Hand Sample was submitied to our laboratory by appiicant on  February 21, 2018
and we heraby report as under;

Sample designated os : BIOMASS
Apglicant’s marks/references -

The analysis results (our reference Sample No. 1800518 /1 ) were found by our laboratory.

1. Moisture and Quality Resuits
The enalysis resuits were found by our laboratory as followings:-

No Descriptions Standard/Method As receivec bass As determined basis
1 Total Moisture EN 147741 5147 % - %
2 Aralys:s Molsture EN 14774-3 - ] 20t %
3 Ash Content EN 14775 128 % 354 %
4 Velatie Matter EN 15148 V0 % 7461 %
5 Fixed Carbon By calculation 68 % 1284 %
6 Suttur EN 15280 005 % 009 %
7 Gross Calorific Value EN 14918 2152 Kealikg 4034 Keallg
2. ULt Analvsi
No. Eloments StandardMothod | As determinec bass
1 Carbon TEN 15104 307 %
2 Hydrogen in sample EN 15104 [ 1
3 Ni EN 15104 017 %
4 Oxygen EN 15104 81 %
5 Ash EN 14775 354 %
[ Sulfur EN 15209 009 %
14 Moisture EN 14774.3 001 %
3. Net Calorific Value (Standard EN 14918) - 1,709 Kealkg  (As received basis)

Thisveport represented our indings basing upon the sample as described above only and
not represenied 3y shipment

SGS (THAILAND) LIMTED

(\, %‘.:.I‘L\‘ A 3

SC/TOPK

WARBENGL Tha et ihe b Wi 1he ruiingn mecried Marme I FInangs’) s wan s s | o Srrwng Dy P et o by & Tt gty soiag o B Ot s Semcton
O THENGE GOl 2O mARIT) O N LA | PPTIOrE @t o Bry JOod Brd MAUTy Tte 1 TE ampie The Cam ity SGCap 1O LaBaty wl egand e e ahge)
e e

Mot Sovem 100 Navglrchoe Fosd (hengromses Yarruwa Banglol

128888 ‘ 0 A0GIRRE Y10 0 B 000 000585 wwwagt eom

N

A a L4 dy a 9 ¥
;J:‘]JVI 9.1 Nﬁﬂ'l‘i'JLﬂ5131’“%@&7‘!6\1‘1]@\11’1“@1@1!1
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2. wamsansizransie lerh (yad 1)

Report No: MIN 2020-2002574 - 001
BANGKOK: February 27, 2020

ANALYSIS REPORT

We determined the analysis results as per the request of ~ Rermudom Sugar Factory Co.,Ltd
which Hand Sample was submitted to our laboratory by applicant on  February 24, 2020
and we hereby report as under;

Sample designated as : ASH
Applicant's marks/references :

The analysis results (our reference Sample No.  20-2002574 /2 ) were found by our laboratory.

The analysis results were found by our laboratory as followings:-

No. Descriptions Standard/Method As determined basis
1 Analysis Moisture EN 14774-3 031 %
2 Ash Content EN 14775 95.74 %
3 Volatile Matter EN 15148 236 %
4 Fixed Carbon By calculation 1.63 %

This report represented our findings basing upon the sample as described above only and
not represented any shipment.

SGS (THAILAND) LIMITED

SC/TO/ch
“WARNING: The sample te which the findings recorded herein (the Findings") relate was drawn and / or provided by the client or by a third party acting at the Client's direction.
The Findings conslitute no warranly of the sample’s representativeness of any goods and strictly relate lo The sample. The Company accepts no liability with regard 1o the origin

or source from which the sample is said to be extracted”

v A o'sl %/ H
51U 1.2 wamsnszdudmde lev (gad 1)
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3. wamsnnzrvielei (yad 2)

Report No: MIN 2020-2002574 - 002
BANGKOK: February 27, 2020

ANALYSIS REPORT

Woe determined the analysis resulls as per the request of ~ Rermudom Sugar Factory Co.,Ltd
which Hand Sample was submitted to our laboratory by applicant on February 24, 2020
and we hereby report as under;

Sample designated as : ASH
Applicant's marks/references :

The analysis results (our reference Sample No. 20-2002574 /2 ) were found by our laboratory.

The analysis results were found by our laboratory as followings:-

No. Descriptions Standard/Method As determined basis
1 Analysis Moisture EN 14774-3 029 %
2 Ash Content EN 14775 96.41 %
3 Volatile Matter EN 15148 202 %
4 Fixed Carbon By calculation 1.28 %

This report represented our findings basing upon the sample as described above only and
not represented any shipment.

SGS (THAILAND) LIMITED
SC/TO/ch
"WARNING: The sample to which the findings recorded herain (the Findings") relate was drawn and / or provided by the client or by a third party acting at the Client’s direction.
The Findings constitute no wartanty of the sample's reprasantativeness of any goods and sirictly relate 1o The sample. The Company accepts no liability with ragard 1o the origin

or source from which the sampla Is said to be extracted”

H A 4’3’ %/ H
51U 4.3 wamsunszdudmde len (gad 2)
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NNARUIN A

[ o d a a Z
ﬂ1ﬁﬂ1‘H'Jﬂ!!!‘U‘U%1ﬁﬂﬂﬂ13!ﬂﬂﬁiﬂdllﬂu1uﬂ"llﬂ\‘lﬂﬁg‘ﬂ’J‘Mﬂ”l’iﬂﬁﬂ‘lﬂﬂ1ﬁ
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A1 A29819MIMUIMIUUDIAINIZUIUMINANTIMA

1. MsMuIMUUTIasdeyAgNtiy

Pnadesnioudngniiugai 1 MR 13,464.98
- A A A Vo
weSisudmimsuigniiu WY 27.28
- Y Ay v a Vo
nlesiFudmudosi laanmsiy MY 28.21
NAUMT

Mg, =M (% Bag/100)

Bag

v
v o [
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AUU
% 008

% 008

(n.1)

ANUU ﬁﬁ\ﬂﬁﬂﬂTu%ﬂlﬁWﬂ%N"IﬂlG]f"Iu’E%}i’)fJﬁhlﬁ}mﬂﬂﬁﬁU 13,464.98 X (28.21/100) N

3,798.47 @11/
1NAUNIT

m,,, = M (% Im/100)

9
[ Y

% { = 1 % U %
ANUU mmmmuammﬂ?mmmwmﬁgﬂwummu 3,673.25 AU/

NTUNIT

n-"]j = mC + rhIm - mBag

9
[ Y

A 3

(n.2)

(n.3)

E { 1 % v o
ANUU mmiamuamw1ﬂ‘%aJmnméjaﬂwanﬁ"lﬁ'mﬂmiﬁmmﬂu 13,339.25 U/

o o ° = yax o = v oA = o @ 1 3‘;
ﬁmsumsmmmmmgﬂwwgﬂauﬂ“lm‘ﬁmmmmmﬂmwwﬂaﬂumuﬂimqmmmu
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2. MsMAMUUNaL RN 191

. . o y 4
Mogmsmuinuusiaeniie lowgan 1

Uszansamniieleth MAY 81.60 %
aumgiivesleih Ry 400 °C
umatlsumnzvedlorhii 400 °c MY 3,231.55 ki/kg
anuguvedlerh MY 29 bar
gumgiilen MY 105 °C
umatlsumzveahiloud 105 °C IMNY 440.213 ki/kg
AL oUYDIUTOINAY Ny 7,150 kl/kg

Y v
MnaumsmfSuanromasnly laain

., O/urs .
m; = /OmBagasse x mBagasse (f.4)

=0.88X3775.95

=3,322.836 AU/U

E4
mﬂmmﬁmmmmﬂ?mmmiwa@"l’am

0 _m, (LHV x7, ) @5)
Ah
©138.45(7,150x 0.8161)

(3,281.55 - 440.231)

= 289.42 f1/41 194

A g

o o ° 9 ¥ yax o = v o~ a o o
ﬁ"l‘lrii‘]Jﬂ”liﬂ"ll!’Jm“lJi’N‘Irill’f)ll’f)u”lslgﬂ’f)Llﬂ%ﬁ]‘ﬁﬂ”I“L!’JmlﬂflilﬂumENL‘]JEIEJ‘L!@]’JLL‘]JT]J”IWYJ

3
MUU

0 0 v d A o ¢
3. ﬂ]ﬁﬂ]uﬂﬂ!l!‘u‘ﬂﬁ]1'(',1i’]Qﬂﬂﬂﬂ@!ﬂ@ﬁﬂ?\lﬁ“?‘lﬂﬂlﬂ@ﬂﬂﬁm
o 1 o o [l 4 A o 4 =i
@]’J@EJNﬂTiﬂTU’Jﬂ!LL']JTJ’Il"lﬁ’ENEJ’E)EJﬁJE’)LG]’E)i]l‘I/‘Iﬂ"ILWi’)“ll”]JQ‘l]ﬂimGIjﬂVI 1
J J ' { 1w
A1 kWh/t, UDIUDIADT (mmﬁﬂmﬂiiwm) miny 0.59 kWh/t

C

o Y A 1w o
AMUIUDDINUU miny 24 2109
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NTUNIT

(kwh/t,)xtc
hr

kW = (7.6)

[ g‘/ o 14 9 1 [
AU asanIuIuK kW yeanamas 1Wihla o 18 (0.59% 13,464.98)24 1111
331.01 kW
o o o 9 ¥ A dq Yax o = @ ~ ~ < o
'L’f’l’ﬂﬁllﬂ’lﬁﬂ’lu?m“]]@flﬂll@Ul't’]u’l“lz@@uﬂclﬁlf'lﬁﬂ’lujml@ﬂjﬂu LWﬂQLﬂﬁﬂu@]ﬂllﬂﬁﬂ’N@'}
2 adqy ¢ o w Ay NN ¢
L‘VI’]‘L!ul!agﬂﬁmﬂi%halﬁﬂﬁﬂa'lﬂeﬂu'lﬂ ﬂ’liﬂ’lwaijllallﬂ\iﬂ']aqUlV‘Iﬁ’lﬂﬁ@Qi“lfﬂﬂﬂ‘UﬂJ@lﬁ@ﬁ

v v H v
Wwanuaiu aunsov Idnarasuvesmas liihindedls lduuemes Iriusazgaiiues

4. MIANNUNVVI1ADIELIDUUVDIHNDANIZINE

Medumsmuauuiaegosrieansymoievuglnsaigai 1

Y v
8031M3 InavenidesuudimioausyaTn Y 556.81 @/ T
1 ?JJ { 1 %
A1 Brix U9911808fiMiioAN MY 153 °Bx
1 . Y 9y A Y v "o °
A1 Brix 109111808 M00N 1AL Wy 233 °Bx
1 %I 1 U
A1 Purity Y9911808v 11 Y 84.43
Y H L Q.
garniidosnidmiiedn mfy 102 °C
a3 9 A Y 9 "o o
gaungiidesnoonniioay Wy 110 °C
3 a o
gaungil lohidwidedy iy 130 °C
3 a o "o
gl lovhfeenuilean (levimide) sy 110 °C
Y 1w
gauugithnoumuEan Ny 120 °C
Y H 1 %
umal) leih 120 °C AU 2,705.9 ki/ke
S H 1 5
oumaillesii 110 °C WNY 2,684.76 kl/kg
= A oA o v w
ounaillorhouda 120 °C A 4779 kl/kg
MINAUNS
C,,, = 4.1868 — (Bx)(0.0297 — 4.6 X 10°P) + (7.5 X 10°)(Bx)(T) (A.7)

Y
LY

Y
AU anIomAInNUIANNS oudzvenhdesu iz ueen 14
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Y
MANUANYToUTUWIZUD N0 EU I

C,.=4.1868 — (15.3)(0.0297 — 4.6 X 10~ X (84.43)) + (7.5 X 10°)(15.3)(102)

2

c

2

=391 klkgK

Y
mmmmm%’aummwmmmé’awmaﬂ
Coi

C,,=3.77 ki/kgK

=4.1868 — (23.3)(0.0297 — 4.6 X 10~ X (84.43)) + (7.5 X 10°)(23.3)(110)

<
NAUNTAUAANIAUDILLUI

my, = Bx, / Bx, (M.8)

Y Y
AU A1U1TDH19AI1NT 1118199118 08U100NHI DAY ( 556.81 X 15.3)/23.3 1WA
A1/%2 139

NTUNTANUAANIA

=M, —m, (n.9)

Y '
AU T NIOMIOATING avod loramiTe 1811 556.81 — 364.26 1117 192.55 A1/ T4

VINAUMIAUAANAINUVDINITDAN

M, = (mvlhvl +m,Cp;, T, — mjonjoTjo) (@.10)

(h.~h,)

v o ¥ A A Y 9 9 PR
aaiu AIamensIms laves lev le@endmleduagausnlai

o _ (192.55x2684.76) +(364.26 x 3.7 x110) - (556.81x 3.91x102)
2 (2705.9-477.9)

My, =200.15 A1/52 Tug

A g

) o ° 9 ¥ yax o = [ ~ = o o
ﬁmsumsmmmm’eNmJ’e)ll’ejmﬂgﬂamimﬁmmmmmm eaasuanlsureas



5. MsMUIMIDUS 1909 VBIHIDgUIND0E

1 o o 1 1 27} ] {
G]’J@EJNﬂﬁﬂ1u’Jil!LL‘]J‘]J€]1ﬁ@\1EJ@EJGU’EN‘Vifl)@QHHRJ’E]EJ‘ﬁ 1

o ) Y Y
@mmﬁ”lwammma@ﬂmwmqu

Y 1
80313 lnavenirdeseondogu
Y

) Y
TQ’E]EJVIL"’IHWN’E]QH

Pl
e
=

e
)
=

ad v =~ 9 1
UNYUUIDDINDINNUDYU

! . Y 9y A9y 9
11 Brix VNUIDDYNVIHNDYU

' . Y 9y A Y
11 Brix VNUIDDINDONYINDYU

! . ) Y Y
A1 Purity VDIUIDDYVNUUVIVINDYU

Y
A1 Purity Y9411008U100NHIIDQY

o Y A

gl lowmifeinvdogu

levamteneonwiiogu

)

&)
)

U

]
yQ. v A

= ° 0
Laumaﬂ"lama fINn 90 C

= A U ti' 0
ouUMalveuralduaIn 90 °c

IMN1 556.81
IMN1 556.81
N 35
N 60
N 15.3
N 15.3
N 84.43
NN 84.43
N 90

9101 90

/a9 T
/a9 T
°C
°C

°’C

°’C

N 2,659.53 kl/ke

N 376.96  kl/kg

Y E4
NUU ?ﬁll15‘0‘I’ﬂﬂ?ﬂ’ﬂlli}ﬂ’NJJ%IGH’I?TLWTS"UENHWE’%}@Elhlﬁ}EMﬂ

C,; = 4.1868 — (Bx)(0.0297 — 4.6 X 10°P) + (7.5 X 10" )(Bx)(T)

NNAUNIIZ 18N

C,; = 4.1868 — (15.3)(0.0297 — 4.6 X 10° X (84.43)) + (7.5 X 10°)(15.3)(35)

C,, =3.83 kl/kg-K

VINAUNITAUAANAITHVONTZ VU DG

m; ;Cp; (Tj,out _Tj,in)

! J

" (hl - h2 )vhi

v & o Yo Y A v
PNUU ﬁ"lll’lﬁﬂ?iTE)GIﬁ’]ﬂ’lii“lfﬂ')ﬁﬂ@m@ﬂﬂﬂ@@u‘lgﬂﬂ 1 llﬂ

[(556.81x 3.83)(60-35) ]|

Mo = (2659.53-376.96)

M, = 23.35 AW/ Tua

123

(M.11)

(.12)
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yad o

9 o o 9 ¥ A g a @ ~ A @ @
’mm‘umimmmﬂlﬂwuﬂllemslgﬂﬂuﬂalmmmammmﬂu mesasuanlsureas

v
o ¥

6. ﬂ'ﬁf;l'l‘lr!3il!!!’U‘ll‘ii1@@3&@8%@3%%@&%83%16@8

[ aol tﬂ' ti' 9J Y ti' 1w o ]
89515 IavesiseuNtione? MNY 147.51 AW/ 109
' . A Ay 9 oa "o o
f1 Brix ¥oIU o uNMUDIAD MINY 589  °Bx
Yy
A1 Purity Y991 1T0U MINY 85.26
Yy
gurglvouiuFon Ny 62 °C
QUUANVDINATAIN A MmNy 75 °C
f11 Brix ¥9UNATAIN A MINY 9291 °Bx
f1 Purity YoOUNATAIN A INY 83.5
1 Purity ¥09 luand AU 64.06
A o 9 Y v A o °
gurglveslerimieninndoduszime il MmNy 110 °C
~ 3 a o 1 v
unal) lesih 110°C AU 2,689.5 ki/kg

PUNIALVUHAIDUAIN 110 °C

<
NNAUNTANAAVDILU

mmassA = mSyrup BXSyrup / BXmassA

9 v Y
AU ANTDAUIUINANMTN U.13 IAa

Myasen = 147.51 X (58.92/92.91)

Masen = 93.54 AW/ TN

LIRSt

461.36 kl/kg

(M.13)

I I 4 = ¥ a Vv
WoSIFUANMTANNANVDIUINANT 1WA (mﬂISN"I‘L!) MINY 0.52%

4

NANVTUNUT

MM, = (Crystal%omas secuiteA)x ..,

(n.14)

¥ a Vv v
f’f”lll”liﬂf"l”l‘Ll’Jil!‘Vi”li’]G]i”lﬂ”lillﬁaell’ENU”IWImﬂi”lﬂﬂ‘]J 0.52X 93.82 1NN 48.78 AL/42 119

9
v v o

Y a
ANUU mmsaﬂm’;mmamwmillwammmmamwﬂ‘u

v Y

A a K 9
Tllﬂﬂsllullﬂi]”lﬂﬁuﬂ”li
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INTUNITANUAANIA

mEvaporated = Wsyrup —

m (M.15)

Maa, A
4 Y 4 1 U
AIUU ﬁ13J1§ﬂﬂ1u3mﬂ16¢]§1ﬂ1§§$mEJGU’ENUl’E]uﬁHﬂWﬁJ@LﬁEJ’J 147.51 —93.82 i(N1nu

54.18 /4 Tasg

7. MIMOATINI Y lotivisiovaanolfe

ﬁMﬂﬁWﬁﬂﬂu%WﬂﬁNﬂ1ﬁ

|:(mh9 )Evaporated + (meT +PV )MassA - (meT )Syrup:|

Myapor = (M.16)
" (hfg )vapor

MeNTan T =

evaporated massA

oumail lerhdinszmennuiemen 62°C =2,612.32 kl/kg

g,evaporated

MINAWMNT Cpj; = 4.1868 — (BX)(0.0297 - 4.6x10°P)+(7.5x10"° )(Bx)(T)

3 A

AWNTDMUIUMIMANNIANNFoUT UM IZVOLNATAIT A uaziindouTa
=5 -5

C st = 41868 — (92.91)(0.0297 — 4.6 X 10 X (84.43)) + (7.5 10°)(92.91)(62)

Corst =2:216  kl/kg-K

C =4.1868 — (58.9)(0.0297 — 4.6 X 10~ X (85.26)) + (7.5% 10°)(58.9)(62)

pSyrub

c

‘pSyrub

=2.942 kl/kg K

o a @ Y @ 9 . ddy 4
nnauaanasuluaumsi .16 oasims 19 leriamdo Mapor Tunsaiiag 14

[(54.18x2617.5)+(93.82x 2.216 x 62) — (148 x 2.942x 62) |
(2689.5-376.96)

rﬁ\/apor =

Mygpor = 55.225 A/HI 114
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.2 fMedlamaminauuudiaslsdlnih

1. mImnamuudiaesdesnaviulerinienanlvivh
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23

Py St ﬂ]jﬁu'ggg £1ﬂ1ﬁﬂ§1ﬂaﬂ 1319]1%17]’518]61]1’3 ﬁmmmwsm

tons/hr tons/hr tons/hr tons/hr
4 14/12/2562 14,127.33 1,202.10 286.50 1,488.60
6 25/12/2562 14,581.26 1,386.28 112.50 1,498.78
9 10/01/2563 14,809.76 1,541.20 223.50 1,764.70
11 13/01/2563 14,511.35 1,460.21 182.50 1,642.71
12 16/01/2563 14,533.32 1,338.36 258.00 1,596.36
13 17/01/2563 13,785.40 1,209.88 256.50 1,466.38
14 19/01/2563 13,233.88 1,256.01 256.50 1,512.51
15 21/01/2563 14,759.53 1,350.50 334.50 1,685.00
18 27/01/2563 14,538.84 1,301.05 343.50 1,644.55
19 28/01/2563 14,215.10 1,232.50 289.50 1,522.00
20 29/01/2563 14,005.96 1,364.23 294.00 1,658.23
21 30/01/2563 13,207.08 1,140.46 334.50 1,474.96
22 31/01/2563 13,633.57 1,226.68 352.50 1,579.18
23 1/02/2563 12,379.13 1,040.89 387.00 1,427.89
24 2/02/2563 11,609.17 940.31 387.00 1,327.31
25 3/02/2563 12,103.57 983.53 385.50 1,369.03
26 4/02/2563 11,395.27 927.69 385.50 1,313.19
27 5/02/2563 11,637.23 920.40 321.00 1,241.40
28 6/02/2563 11,102.01 997.44 306.00 1,303.44
29 11/02/2563 8,219.06 664.75 276.00 940.75
30 12/02/2563 8,513.52 1,009.18 112.50 1,121.68
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Total Steam | Total kWh | Total kWh | Tons Steam | Tons Steam
el Produced for Factory for PEA for PEA for Factory

tons/hr kWh/day kWh/day tons/hr tons/hr
14/12/2562 7,357.00 232,000.00 84,240.00 31.70 274.85
25/12/2562 7,654.00 231,000.00 97,800.00 36.02 282.12
10/01/2563 8,029.00 243,000.00 | 145,440.00 54.72 275.82
13/01/2563 8,057.00 244,000.00 | 145,080.00 54.59 281.12
16/01/2563 8,070.00 246,000.00 | 144,960.00 54.54 281.71
17/01/2563 7,825.00 243,000.00 | 141,840.00 53.37 272.27
19/01/2563 7,806.00 239,000.00 | 105,360.00 39.64 285.61
21/01/2563 7,833.00 243,000.00 | 145,200.00 54.63 217.74
27/01/2563 7,252.00 242,000.00 | 118,200.00 44.47 257.29
28/01/2563 8,062.00 239,000.00 | 127,630.00 48.02 287.90
29/01/2563 8,174.00 241,000.00 | 146,400.00 55.08 285.50
30/01/2563 7,891.00 236,000.00 | 148,440.00 55.85 272.94
31/01/2563 8,054.00 239,000.00 | 146,200.00 55.01 280.58
1/02/2563 7,480.00 234,000.00 | 136,320.00 51.29 260.38
2/02/2563 7,434.00 231,000.00 | 138,720.00 52.19 257.56
3/02/2563 7,802.00 234,000.00 | 151,080.00 56.84 268.24
4/02/2563 7,420.00 228,000.00 | 154,200.00 58.02 251.15
5/02/2563 7,359.00 231,000.00 | 155,880.00 58.65 247.98
6/02/2563 7,426.00 231,000.00 | 153,720.00 57.84 251.58
11/02/2563 6,792.00 220,000.00 | 163,920.00 61.67 221.33
12/02/2563 6,442.00 215,000.00 | 158,400.00 59.60 208.82
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Bagasse Bagasse | Bagasse used | % Bagasse
a1 e/l
% Cane | %DMoisture
4 14/12/2562 26.73 51.27 3,776.23 3,144.66 83.27
6 25/12/2562 25.82 48.94 3,764.88 3,076.85 81.73
9 10/01/2563 27.28 48.75 4,040.10 3,211.98 79.50
11 13/01/2563 27.07 47.89 3,928.22 3,153.48 80.28
12 16/01/2563 28.34 50.01 4,118.74 3,335.46 80.98
13 17/01/2563 27.57 48.79 3,800.63 3,133.16 82.44
14 19/01/2563 28.40 50.10 3,758.42 3,237.21 86.13
15 21/01/2563 28.56 49.86 4,215.32 3,224.77 76.50
18 27/01/2563 27.88 49.11 4,053.43 2,928.00 72.24
19 28/01/2563 28.41 50.21 4,038.51 3,349.35 82.94
20 29/01/2563 27.87 49.24 3,903.46 3,311.33 84.83
21 30/01/2563 28.46 50.10 3,758.73 3,269.25 86.98
22 31/01/2563 28.40 49.83 3,871.93 3,313.15 85.57
23 1/02/2563 27.86 49.02 3,448.82 3,012.89 87.36
24 2/02/2563 27.70 48.55 3,215.74 2,958.58 92.00
25 3/02/2563 28.52 49.87 3,451.94 3,212.64 93.07
26 4/02/2563 28.77 49.91 3,278.42 3,058.44 93.29
27 5/02/2563 28.87 49.72 3,359.67 3,418.55 101.75
28 6/02/2563 28.59 49.45 3,174.06 3,024.50 95.29
29 11/02/2563 29.87 50.91 2,455.03 2,875.33 117.12
30 12/02/2563 29.26 49.92 2,491.05 2,656.11 106.63
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FUALID08N 1A 1NT1891UY 52 91IUVRIN19 159911
Mixed juice Imbibition Crystal A Crystal B
a1 el
% Cane % Cane % %

4 14/12/2562 98.01 24.74 50.71 38.07
6 25/12/2562 99.24 25.06 51.82 45.5
9 10/01/2563 97.84 25.15 53.04 40.45
11 13/01/2563 93.48 20.55 51.94 41.57
12 16/01/2563 96.72 25.06 49.25 38.37
13 17/01/2563 59.10 22.70 52.41 37.14
14 19/01/2563 99.50 2791 53.84 35.72
15 21/01/2563 97.07 25.63 52.95 37.31
18 27/01/2563 100.14 28.02 50.34 37.16
19 28/01/2563 101.08 29.50 52.27 38.60
20 29/01/2563 101.66 29.52 53.02 37.9
21 30/01/2563 101.10 29.56 50.95 3543
22 31/01/2563 100.53 28.93 51.13 36.22
23 1/02/2563 98.81 26.66 51.45 35.59
24 2/02/2563 99.57 27.27 50.21 36.75
25 3/02/2563 102.57 31.09

26 4/02/2563 96.31 25.08 53.38 34.89
27 5/02/2563 98.30 27.17 50.9 33.99
28 6/02/2563 99.04 27.63 54.1 37.72
29 11/02/2563 96.95 26.82 53.76 36.4
30 12/02/2563 97.30 26.56 55.41 37.97
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T390
Overall Overall Factory
a6 vanl
kWh/Tons Cane | Tons Steam/Tons Cane kWh/Tons Cane
4 14/12/2562 22.38 0.52 16.4
6 25/12/2562 22.55 0.52 15.8
9 10/01/2563 26.23 0.54 16.4
11 13/01/2563 26.81 0.56 16.8
12 16/01/2563 26.9 0.56 16.9
13 17/01/2563 27.92 0.57 17.6
14 19/01/2563 26.02 0.59 18.1
15 21/01/2563 26.3 0.53 16.5
18 27/01/2563 24.78 0.5 16.6
19 28/01/2563 25.79 0.57 16.8
20 29/01/2563 27.66 0.58 17.2
21 30/01/2563 29.11 0.6 17.9
22 31/01/2563 28.25 0.59 17.5
23 1/02/2563 29.91 0.60 18.9
24 2/02/2563 31.85 0.64 19.9
25 3/02/2563 31.82 0.64 19.3
26 4/02/2563 33.54 0.63 20.0
27 5/02/2563 33.25 0.63 19.9
28 6/02/2563 34.65 0.67 20.8
29 11/02/2563 46.71 0.83 26.8
30 12/02/2563 43.86 0.76 25.3
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