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2.Mitsubishi Microreactor Outline(1) o mvevesauy’

» The maximum thermal output is 1MWt per module and total power demand is
satisfied flexibly combining multiple units.

» Based on “all-solid-state core” concept, the reactor uses a highly thermal conductive
graphite-based material that remove heat from core without liquid coolant.

» Transport inside 40ft standard cargo container by conventional transport systems

Conceptual Specifications of the Microreactor

HALEU
Neutron Spectrum: Epithermal neutron

Fuel/Core

Core structure Layer structure with Graphite type material Reactor Vessel Turbine Compressor Cooler
(lighter weight) Heat exchanger
Thermal Output ~ 1MWt
Electric Output ~0.5MWt

Operation/Control Automated
Safety System Full passive

Inside Standard 40ft freight container

Core/Fuel  CO2 Heat Transfer Pipes
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2.Mitsubishi Microreactor Outline(2) N e
__12m (doft) ’
' . ¥ Supercritical CO, gas turbine
m under investigation

Core and Power Generating Unit* in a Container Reactor/Turbine-Generator Unit

i — L’—
From & I\t‘h & Generator

DMicro Reactor

2 Tulblm_ T CompredSir
A. Reactor System B. Core Structure C. Carbide-Fuel-Plate D. Fuel Element
Control drum
. (%

High heat conduction
material (e.g. graphene)

Carbide fuel plate

Reactor vessel

Reflector  Emergency shutdown rods
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Abstract: A direct use approach incorporating a cost approach assumed that replacing oversized electrical
appliances with those better fit to actual energy consumption can reduce energy consumption, optimizing
capacities of the new appliances to the maximum while reducing electricity costs. This study aimed to verify
the assumption that the size of appliances has impacts on energy consumption and cost effectiveness. A
mixed-method approach included these instruments for data elicitations (i.e., a questionnaire, data records of
485 transformers, two assessments of condominium technical caretakers, and two in-depth interviews of
electrical engineering experts). The findings revealed that most condominiums installed electric appliances that
are too large for their actual energy usage, which lies between 5.4% and 7.1% of the capacity. This study
therefore proposed a total cost reduction of 54% by downsizing these appliances (i.e., MV Switchgear 2 sets,
dry type transformer 2 sets 80,000, LV Cable 10 m. (XLPE), main distribution board, Busduct (MDB-DB),
generator (20% of Tr.), and generator installation). Even though this analysis is limited to Bangkok, Thailand,
this case may contribute decision-making on electrical appliance selection at early stage of investment

or to downsize the currently installed appliances for the more energy efficient and cost-effective management

of condominiums around the world.
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Abstract:
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A direct use approach & a cost approach

Energy inefficiency & cost

Oversized . .
) ’ Energy - ineffectiveness
Size of .
. consumption &
electrical T
. Cost
appliances

. effectiveness
Downsized

» Energy efficiency & cost
effectiveness

=

Figure 1 Impacts of electrical appliance sizes on energy con

e e N

Replacing oversized electrical appliances with the ones apt
to actual energy consumption can reduce energy
consumption while reducing electricity costs.

S % J

Constraints Assumption of the study

Energy inefficiency &

Cost ineffectiveness

Figure 2 Management constraints and assumption of the study
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1. Condo Location 3. Average room area > 50 Sg.m.
s Near ARL 41 - 50 Sq.m

A

“— |In Soi <«—> 50 Sqm
5 etc.

ear Main Street

0 - 30 Sg.m
31 - 40 Sg.m
Near BTS Near MRT
2. Condo Height > 51 - 100 LuAg 4. Average room Occupation =2 AU

<«—— 3 Persons

‘— >3 Persons

w1 Person

2 Persons

51 - 100m.

Chapter 4 Analysis Result by SPSS : Part 1

~—— 61 -80%

<— 81 - 100%
43.2% :

20 - 40%

«~— 41 - 60%

6. Average used same Tr = 82.6%

n «—— Separated Tr.

<+— Residential Tr.
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412, ﬁayjamamﬂﬁﬂmaau%n”mm“lvxlﬁw

95% Confidence Interval
Topic N | Sig. (2-| Mean
of the Difference
tailed) | Difference
Lower Upper
1. Condo Floor 485 0.00 2381 23 25
2. Tr. Size 485 0.00 | 1,431.46 1,386 1477
4. luse 485 | 000 14506 K33 135 155
5. % luse / Igsteq 484 | 0.00 10.88 3 18
6. Level luse / Igateq 484 | 0.0 1.17 1 1
7. luse / ICB AT 485 0.00 6.38 6 7
8. Iran 484 | 0.00| 2,84839 2,760 2,937
9. luse / gz 484 | 0.00 777 2 13
10.CB AT 485 0.00 | 2,548.45 2,453 2,644
11.CB AF 485 0.00 | 2,667.96 2,571 2,164
12. Capacitor Used 482 0.00 013 0 0
13. Total Cap 475 = 1045 10 11
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Chapter 4 Analysis Results with SPSS for Part 2

sStd.
Topic N Mean Std.Error
Deviation
Mean
1. Condo Floor aq485 23.81 13.84 0.63
2. Tr. Size ass 1,431 506.62 23.00
3. IRated asa 2.035 <:'7 jopl O B8 32.18
. 0
a. luse ass 145 — 108.55 na93
5. 2 luse / Irgted asa 10.99% 84.10 3.82
6. Level luse / Iggted asa 1 A7 0.60 0.03
7. luse / ICB AT ass 696 6.46 0.29
8. lFan asa 2.848 991.05 a5.05
9. luse / lgan a8q 896 60.07 2.73
10.CB AT ass 2.548 1,068.97 as8.54
11.CB AF ass 2.668 1,081.69 a9 .12
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Chapter 4 Analysis Results with SPSS for Part 3

that is large too much use Suitable for electrical

systems?

Eligibility Level N Min. Max.
1. Is the use of electricity at the mains suitable for 485 -1.0 14
the AF of Main C.B?
2. Is the use of electricity at Maine suitable for AT 485 -1.0 1.
3. Is the use of centralized current suitable for C.B's 485 -1.0 1.
4. 1s the use of central current suitable for C.B's AF? 484 -1.0 1.
5. Do you think the current usage is suitable for Tie a485 0.0 y
6. Do you think the use of current is suitable for Tie 484 -1.0 1.
7. 1s the overall current consumption suitable for ar7r 0.0 i
8. The design of Tr and C.B is larger than the actual a483 -1
total current consumption. Suitable for electrical
systems?
9. the selection of various electrical equipment 485 -1.0 1

0.55

Std. Deviation

0.28

0.26

0.30

0.21

0.27

0.32

0.25

0.49

O0.76
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Tool Quality Inspection

Statistical analysis results by 1. T Test, 2. Degree of Freedom, 3. A1 95% Confidence

The results of the statistical analysis, the confidence value O = 0.795 for the Condominium.

Test Value = () Test Value = 0

95% Confidence Interval . 95% Confidence Interval

Topic N Sig. (2-|  Mean Topic Sig. (2-|  Mean

t df of the Difference t df of the Difference
tailed) | Difference tailed) | Difference
Lower Upper Lower Upper

Ptt The results of thq|Tclerbof thiestdtat ereroyss! 23 25
1. Condo Location 485 41.75| 484 | 0.00 371 4 a1 12.Tr. Size 6223 | 484 | 0.00| 1431.46 1,386 1477
2. Condo Height 3| s015| 42| oogonsumption of thekesidential eandemimilmmss| 1971 200
3. Avg Room Size 485 | 46.65| 484 0.00 2.35 2 2 ke 2943 | 484 0 45.06 135 155

a.room Occupants | a5 | 7560 | 48| 0001008 |are im| the sgime way bedaijse the Sig 2
- %o Tuse' /IRy 285 483 ] 000 P 1088 3 18

5. Condo Occupants 485| 6563 | 484 000 2.74 3 3 |
Y I —~ A n Ho {—

6. Central Tr Used a3 | eoss| 42| ooo| 1etailed pr P yglueisless thae 0495. 0o L17 ! !
7. luse / ICB AT 2174 | 484 0.00 6.38 6 7
8. Iran 6323 | 483 | 000 | 284839 2,760 2937
9. luse / I, 285| 483 | 0.0 777 2 13
10.CB AT 5250 | 484 0.00 | 254845 2,453 2644
11.CB AF 5432 | 484 0.00 | 266796 2571 2,764
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3.1.3. miﬂszl,ﬁulﬂUQ@LLaﬁmmﬂﬁﬂﬂaﬂ@ﬁLﬁw

Table 1. Mean and standard deviation of caretakers’ assessments of the suitability of electrical appliances.

Do You Think... ? puestions Mean 5D.
1. the settings of the main circuit breaker are suitable for the AF size 0.95 0.28
2. the AT setting of the main circuit breaker is suitable for the level of eleciricity usage 0.95 0.28
3. the use of the central current is suitable for the AF size 0.92 0.30
4. the AT setting at the central C.B. suitable for the use of central electricity 0.96 0.21
5. the level of electricity usage is suitable for Tie C.B.s AF size 0.92 0.27
6. the AT setting at Tie C.B. is suitable for the use of electricity 0.90 0.32
7. the overall electricity usage is suitable for the size of the transformer 0.93 0.25
8. the steps used are suitable for the total number of the capacitor bank’s steps 0.89 0.35
9. the design of the transformer and the C.B. that is much larger than the actual overall 0.83 0.49

current power consumption is suitable for the level of electrical system

Total 0.55 0.76
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Tool Quality Inspection of Medical Sample.

Technical analysis results according to the form for Hospital buildings

lterm of Question Mean Std. Deviation Std. Error

1. Tr.Size 50 1683.00 509.66 72.08

2429 .20 (35.92 104.07
30 50| 3401.04 1,030.44 145.73
4. luse 50| 415.44|17%  426.60 60.33
5. Level luse / | pareq 50| 16.734 14.87 2.10
6. 1luse / |1 e 50 2.20 1.43 0.20
7. MainC.B. AF 50| 31035.00 1,051.74 148.74
8. MainC.B. AT 501 2987.00 1,073.05 151.75
9. TieC.B. AF 18| 3472.22 900.20 212.18
10: TieC.B. AT 18| 3444.44 856.96 2(1.99
11.Cap.Use 50 G £ 5 1.60 0.23
12 Total Cap 50 2.56 Sl 0.50
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Tool Quality Inspection of Medical Sample
Table of Statistical Analysis Results of Sig or P Value Test and 95% Confidence and

The results of the statistical analysis, the confidence value Ol = 0.915 for the Hospital building.

Test Value = 0
. 95% Confidence
ltermn of Question Sig. (2- Mean
t df Interval of the
+ail a~N Niffaram——
U
: The results of the T Test of the overall = Do
1. Tr.Size '38.16 1,827.84
2. lrated energy consumption of the hospital and '20.05 2,638.35
30 _ _ o 08.19 3.693.89
4. luse of the residential condominium are .gq -0 536.68
5. Li L] | . . . 12.51 20.96
evelluse /hraed glmost  100% in the same direction
6. luse / |l rated 1.79 261
7. MainC.B. AF because the Sig 2 tailed or P Value is less 04-10 3,401.90
8. MainC.B. AT L, O U /_,USZOq' 3,291.96
9. TieC.B. AF than 0.05 with only 1 value. | 347222 | 3.024.56 3.919.88
10.TieC.B. AT I 17.05 | 17 I 0.00 3,444.44 3,018.29 3,870.60
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Tool Quality Inspection by interviewing experts
Table of precision determination of 7 experts, |IOC experts
1. Assistant Professor Prasit Pittayapat (Lecturer) More than 40 years of teaching+design experience : 310,

% All seven experts agreed in the same direction that overall energy consumption

3. AL NILUPOINY vweeTdpropiasiy, Lornirnitee or | CHigirieers, e COunciv Or Criginiecrs. dnri.

4. A. Suthee Pinnaisit (Former Director of the assessment_mml Fneineerine and Svstems Fneineering: 19N,

5 pr.\of the condominium is not suitable for the actual selection of electrical

6. Mr. Phuthien Pongpittayapha, Chairman of 'equipment.CO Engineering Company Limited: 9N
7. Ass. Prof. Dr. Worawat Sangiamwibul, Lecturer of the Faculty of Electrical Engineering Mahasarakham

University
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Chapter 5 Summary of Results, Discussion and Recommendations

1. Submitting and collecting data courtesy request forms For research, it is going well according to the
objectives that have been set. by coordinating with the channel of the condominium caretaker directly.

2. To assess the overall energy consumption Compared to the selection of electrical equipment of

condominiums in Bangkok.

2.1 Summary for the form in Part 1, general information of the Condommmm is as follows:

Near Main Road > 4 lanes

@® Near MRT

1.Choosing the location of the condominium : Near the BTS line. 4’ L e

Near Airport Rail Link

h @ Less than and equal to 23 Meter ® n alley
. @ More than 23 - 50 Meter
2. The height of the Condo : 51 — 100m

0 @ More than 100 Meter
@® 20-30sgm

3. The Room Area : >50 Sg.m h P 5@ -

® ore than 50 sq.n

4. The average number of re5|dent5 in the room : 2 people,

@ 1 Person

= | @ 2 person

3 Person

® ore than 3 Person

@ 20% - 40%
® 41% - 60%

5. The average number of occupants of Condo : Average 61 - 80% 5

@ 81% - 100%
With connect to the roon

6. Centralized load or centralized electricity consumption : Same common transformer. With only central,
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2.2 Summary of technical results for the form of part 2

2.2.1 Conclusion for the form in part 2

Use and Capacity Ratio

3,500
3,000 5.09%
5.4%
5.69%
2,500
7.1%
) 2,000
e
=)
o
> 1,500
1,000
500
0
luse/ITrRated luse/ICB AT luse/ICB AF luse/ITrFan
O Use Rated 145 145 145 145
M Capacity 2,034 2,548 2,668 2,848

Ratio Between Actual Usage / Capacity or Installation Choose

W Capacity O Use Rated
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Ampere Frame: AF - Schneider Brand

Air Circuit Breakers - EasyPact MVS

EasyPact MVS (3P) NindowsSounsuyansgu ET21

SFIEaRILsER L
m. profecton .

-
(] Eas,Pace MVS0S ) 1.5-10"
O
: 1000 EasyPact MVS10 400-1000A 1.5-10%r -
= 1280 EssyPact MVS12 Ampere Frame ===~ 1.5-10m ;
=
8 1600 EasyPace MV516 AF 840-1600A 1.5-10" -
- — - ET21
(&) 2000 EasyPact MVE20 800-2000A 1.5-10 B
'6 2500 EasyPact MVE2S 1000-26004, 1.5-10" -
% 3200 EasyPact MVE32 1280-3200A, 1.5-10%¢ .
SR S 4000 EasyPact MVS40 = 1600-8000A  1.5-10% -
(800 - 40004A)
e TUNANSTUN S00 - 4.000 A
® lcu = 40, 65 KAG280/A40V AC
e lcs = 100%; cu
- 3F, ‘.'I.P
e Fafiurn Foeed/Drawout EasyPact MVS (3P) 0o Sows: - cu ET.

suvinFeluiiiveNus,

o Blectronic Trip unit
e gyl AC
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Ampere Trip = AT
Long time =L =Ir
dunsasennszus AT
RhLHRN
au3UA 1 NT10 AF = 1000
mugﬂ*ﬁ' 2 1w Trip unit
mwgﬂﬁ 3 gﬂﬂ'ﬁ%ﬁ 0.5
AT = 0.5AF
= 0.5 x 1000
= 500

Masterpact

VIS0V Uimp 123V

Us w
(hAY
.l“
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Conclusion

2.2.2 %luse / ICB AT where Mean = 5.7% is the actual amount of current used as

a ratio. Average percentage 5.7% at Ampere Trip: AT (100% of Circuit breaker)

C.B Threshold: 105% - 120%
2,675A - 3,058A

|< 5.4% - 4.7% 4
J | | | | | | | | . |

|
l I ! l | | l | J I I
10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 110% 120%

5.7%
145A

Average actual current

Therefore, the selection of electrical equipment such as transformers Circuit breakers,
cables and other electrical equipment For residential condominiums listed in Chapter 9 of the
Electrical Installation Standards for Thailand will be significantly larcer than the actual use which

has important impacts as follows:
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3. To find a way to manage the energy consumption of condominiums effectively

Utility” Power Supply

A 4 st

I propert .g
Lproperty [ e

[

A Utility’s

kKVAR

Customer’s

property

Total

Transformer Size

Tr=1,431kVA : 2,034A
CB 1% 2,548AT/2,668AF

145A

Transformer No-load
Losses at
(kVA) Loss (W)
75C W) H(mm) L(mm) W(mm)
1000 1600 14600 1515 1840 1270
1250 1800 17300 1635 2050 1290
1600 2100 21600 1695 2130 1300
2000 2600 25100 1845 2160 1390
2500 3000 29500 | 2120 2310 1420

21,600 W

24 hr

Electricity charge 1 Unit (kWhr) = 4.6 B

=216 x4.6
=99.36 B

= 2,385 B

1 Mth/ 30 Day = 70,539 B
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3. To find a way to manage the energy consumption of condominiums effectively

1600 kVA 3 @ 24 kv 1600 kVA 3 @ 24 kV
A1 Loss Fe 1,880W = 1.88 Kw %Z @31.972%= 31.972x 1600 = 508.672 = 99.266% Alloss FelB880W = 138 kW %Z @31972% =1.972 x 1600 = 508672 = 99266%
Cu. 18,600\= 18,6 o 1.85+1.88+508.7 S12.432 Cu. 18,600 W= 186  kw 1.88+1.88+508.7 512432
[ (5 Load x Capacity)/100 ] SZ@6F%= 63%1600 = 5810%
%zatanyload = x 100 —
Fe +Cu.atany % load + (¥LoadxCapacity)/100 1.88+0.0738+1.008
(% Load x Capacity)/100 Z @6.3%= 6.3"1600 = 098.10%
%z atanyload = - - x 100 _— 3
| Fe+cu.atany%load + (%LoadxCapacity) /100 1.88+0.0738¢1.008 Cosanyioed = | %oed , Cpians 134600  =loE5ek
" o
| 100 xoadioss 1.88+0.314+208
Cu. Atany %load =] %Load | 2 o %Z @13%= 131600 = 98.96%
100 RLoagoss 1.88+0.314+208 2662.400 %7 @45%= 45*1600 = 9322%
1.88+3.767+720
%Load 63 | 10 | 20| 3 [3m] 4 50 0 | 10 | 8 9 | 100
%Z @90%= 90*1600 = 9884%
Feloss (kw) 1.88| 1.88] 1.88 1.88 188 1.88 1.88 1.88 1.88 1.88 188 1.88 e [ saencoiaiin |
Cu. Loss (kW) 0.0738| 0.186| 0.744 1.674 188 2976 4.65|  6.696 9.114] 11,904 15066 18.60 :
Total loss (kW) 19538| 2.066) 2.624| 3554 376| 485%| 653 8576 10.094) 13.784| 16946 2048 o " - o [ 315 | 2 o o = P PP
%z atany load 98.10%| 98.725] 99.187| 90.265| 00.266| 90.247]  00.19| 00115 o0.028) 0s.035| 98837 .76 Fe loza (W] 1Es e saa | 1ss | 188 | 1a8 | 1s8 122 228 | 1es | Les
Cu. Loss (kW) 0.186 0.744 1.674 1.88 2976 455 6.696 9.114 11904 | 15.066 | 18.80
%zat any load Total loss (kW) 2.066 2624 3.554 3.76 4856 653 8.576 10894 | 13784 | 163945 | 2048
93.25 I %zatany load 98725 | 99187 | 93285 | 93266 | 93247 | 9313 | 33115 | 33028 | 38335 | 98837 | 98738

99.065 9947

%z at any load

99.22
99.247

2,
3% %Load

10 20 0 0 45 50 80 80 Y 10 s0ad
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To find the solution for suitable Transformer size as energy consumption.

Topic N Mean S‘td‘_ Std.Error o
Deviation i Utltlty Power Supp[y

1. Condo Floor ass 23.81 13.84 0.63 b d s
2. Tr. Size a8s 1,431 | 50662 | 23.00 A Vty’s —ié _
3. IRated asa 2,035 | 70789 | 3218 | property =t
4. luse a8s 145 108.55 4.93 TCustomer’S
5. % luse / Ipated aga 10.9% 84.10 3.82 A 4 property
6. Level luse / Iggted 484 1.17 0.60 0.03
7. luse / ICB AT ass 6% 6.46 0.29
8. lran asa 2.848 991 .05 as5.05 Tr=1,431kVA : 2,034A
9. luse / Ig4p, A 89 60.07 573 CB 14 2,548AT/2,668AF
10.CB AT ass 2,548 | 1,068.97 ag.54 Hebraol [upl™ = s St T e LR
11.CB AF 485 2,668 | 1,081.69 49.12 :

241.7A

@ As the result luse = 145A
@ Condo Occupation 61-80%

| - R
@ luse = 145A at 60% R R L l _—

;“'.'JL L m "'. ’ l.!"['_ e LF;.IHL
@ luse at 100% = 145 x 1.667 = 241.7A 08 & 2% &



Oversized Electrical Appliance Impacts on Condominium Energy Efficiency & o o
ANI.LAYNA gsmzamnq P. 71

Cost-Effectiveness Management:Experts’ Perspectives

To find the solution for suitable Transformer size and Main C.B as energy
consumption.

Tr.1600kVA ANANTZLE 2,309A 15919 145A. = 6.3% Main C.B = 2500AF

Tr.1250kVA WNANIZULE 1,800A L5914 145A = 145 / 1,800 = 8.1% lagl Main C.B = 2000AF
Tr.1000kVA WNANIZULE 1,443A l591% 145A = 145 | 1,443 = 10% 1@# Main C.B = 1600AF
Tr. 800KVA WNANIZUE 1,154A 15919 145A = 145 / 1,154 = 12.6% 1@e Main C.B = 1250AF

Tr. 630kVA ANONTZUE 909A. 91 145A = 145 / 909 = 16% lag) Main C.B = 1000AF
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4. To Optimal the Actual Design and compare the results to reduce costs of the

electrical system to be suitable for use.

No Main Material Item Present Solution After Thesis Diff (Reduced)
Sizing Value (Baht) Sizing Value (Baht) | Value (Baht)
1 |MV Switchgear 2 Set 200A. 24 kV. 1,500,000.00 200A. 24 kV. 1,500,000.00 0.00

—>2 |Dry Type Transformer 2 Sef 2 x 1,600 kVA. || 4,400,000.00 | 2 x 630 kVA. 2,000,000.00 | 2,400,000.00

3 |Main LV Cable 10m. (XLPE)[2 x [6x(3x240/185N)]| 460,000.00 |2 x [3x(3x240/185N)]| 160,000.00 300,000.00
4 |MDB 2,500 A. 2,500,000.00 1,000 A. 1,400,000.00 | 1,100,000.00
5 |Busduct MDB-DB 2 x 2,000 A. 5,500,000.00 2 x 1,000 A. 2,800,000.00 | 2,700,000.00
6 |Generator (20% of Tr.) 350 kVA (320 kVA) | 2,100,000.00 | 130 kVA (126 kvA) | 1,000,000.00 | 1,100,000.00

6 |Cable and Installation Gen. 350 kVA 500,000.00 130 kVA 300,000.00 200,000.00

Grand Total 16,960.,000.00 Reduced 54 % 9.160,000.00 | 7.800,000.00
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Summary section, analysis and summary of research overview

Assessment of the overall energy consumption of condominiums in Bangkok.

1 Safety issue: Because the circuit breaker cannot work or function. In case of use
overcurrent Because the size of the electrical equipment is too large to be selected. and no

circuit breaker Ampere Trip: AT settings are suitable for actual use.

2 Massive power losses arise from the use of large transformers and more than one
large transformer at the same time, but all transformers supply less than 10% of the

transformer's power rating.

3 The initial investment exceeds the actual usage by more than 50% and contributes
to the increase in costs. In the maintenance of the higher power system, the rate is

variable accordingly.
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