The first world championship in cybernetic building optimization
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Fig. 1 Example of pareto optimum solution selected by linear combination function
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Fig. 2 Contour lines of the modified Effective Energy Reduction Ratio (E2R2) function
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Fig. 3 Pareto optimal solution with Effective Energy Reduction Ratio (E2R2) function
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Fig. 4 Real-time score evaluation system
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Table 1 Participants' affiliations and job categories

No. Affiliation Job category No. Affiliation Job category
01 [Satoh Energy Research Research 18 |Tokyo Denki University Education institution
02 |Hokkaido University Education institution| 19 |Anonymous Building constructor
03 |[Nihon Sekkei Building designer 20 |Kanden Facilities Building manager
04 |Nagoya City University Education institution| 21 |Anonymous Other
05 |Chiba University, Hayashi lab. Education institution| 22 |Anonymous Building designer
06 |Kajima Technical Research Research 23 |Anonymous Building constructor
Institute
07 |Ritsumeikan University Education institution| 24 |Kogakuin University Education institution
08 |Waseda University, Tanabe lab.  |Education institution| 25 |[Anonymous Building Design
09 |Tokyo Polytechnic University Education institution| 26 |The University of Electro- Education institution
Communications, Sato lab.
10 |Sony CSL and Daiwa House Research 27 |Anonymous Other
Industry
11 (Canceled) (Canceled) 28 |Kansai Electric Power Research
12 |Kyushu University, Sumiyoshi Education institution| 29 |The OpenCAE Society of Japan |Other
lab.
13 |Shibaura Institute of Technology |Education institution| 30 |[Anonymous Other
14 |Anonymous Building constructor | 31 |Anonymous Research
15 |Sanko Air Conditioning Building constructor | 32 |Tokyo City University Education institution
16 |Anonymous Other 33 |Kansai Electric Power Other
17 |Kanden Energy Solution Building manager 34 |Anonymous Research

Fig. 5 Scene from the briefing conducted on the first day of the Championship
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Fig. 7 Emulator control software

4. Result of “World championship of cybernetic building optimization”

1) Relationship between the number of calculations and scores
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Fig. 9 Relationship between the number of trials conducted and the final E2R2 of each team

2) Score changes and final results
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Fig. 12 Changes in ERR (energy saving performance) by team over the course of the championship
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Table 2 Final scores of the top 10 teams (ERR)

Rank | Team No. Affiliation ERR [%] | DRR [%] | E2R2 [bp]

1 20 Kanden Facilities 15.17 1.31 19.99

2 17 Kanden Energy Solution 14.85 13.68 203.24

3 15 Sanko Air Conditioning 14.19 15.29 216.98

4 03 Nihon Sekkei 13.20 13.78 182.07

5 13 Shibaura Institute of Technology 12.69 11.065 147.97

6 02 Hokkaido University 12.68 9.89 125.52

7 12 Kyushu University, Sumiyoshi lab. 12.00 14.47 173.84

8 25 Anonymous 10.70 1.45 15.58

9 08 Waseda University, Tanabe lab. 10.56 6.71 70.95

10 19 Anonymous 9.63 11.72 112.96

Table 3 Final scores of the top 10 teams (DRR)

Rank | Team No. Affiliation ERR [%] | DRR [%] | E2R2 [bp]

1 08 Kogakuin University -20.42 26.11 0.00

2 02 Hokkaido University -12.20 23.86 0.00

3 15 Sanko Air Conditioning 10.94 21.79 238.49

4 13 Shibaura Institute of Technology 10.07 21.71 218.80

5 17 Kanden Energy Solution 11.18 21.41 239.44

6 27 Anonymous 4.06 20.91 85.05

7 20 Kanden Facilities 2.10 20.45 42.95

8 12 Kyushu University, Sumiyoshi lab. 10.44 20.05 209.35

9 33 Kansai Electric Power 7.73 17.40 134.63

10 09 Tokyo Polytechnic University 1.19 17.35 20.81

Table 4 Final scores of the top 10 teams (E2R2)

Rank | Team No. Affiliation ERR [%] | DRR [%] | E2R2 [bp]

1 15 Sanko Air Conditioning 12.15 20.96 254.82

2 17 Kanden Energy Solution 11.18 21.41 239.44

3 13 Shibaura Institute of Technology 11.05 21.01 232.31

4 12 Kyushu University, Sumiyoshi lab. 10.44 20.05 209.35

5 02 Hokkaido University 10.17 18.17 184.99

6 03 Nihon Sekkei 13.20 13.78 182.07

7 20 Kanden Facilities 8.67 18.96 164.54

8 33 Kansai Electric Power 8.03 17.27 138.79

9 27 Anonymous 7.29 17.27 126.00

10 19 Anonymous 9.63 11.72 112.97




3) Score distribution
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4) Points to be improved
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Table 5 Primary HVAC energy consumption obtained by each team [MJ/(m?-yr)]

No. | AHPM GAR AHPM GAR Water tank | Secondary |y gy
auxiliary auxiliary pump pump
Ref. 73.2 143.6 8.6 28.8 11.1 13.2 127.3
01 128.7 23.5 18.1 2.5 11.6 14.1 150.2
02 149.3 34.8 15.3 3.1 11.7 14.3 184.8
03 130.8 0.0 13.7 0.0 8.2 11.9 173.5
04 128.7 23.5 18.1 2.5 11.6 14.1 150.2
05 128.7 23.5 18.1 2.5 11.6 14.1 150.2
06 128.7 23.5 18.1 2.5 11.6 14.1 150.2
07 75.2 129.5 7.5 26.2 10.9 12.9 117.1
08 140.0 0.0 21.9 0.0 6.3 16.8 176.2
09 121.4 253 17.7 3.1 12.4 13.9 139.8
10 75.9 160.8 8.7 314 11.3 14.8 150.6
12 124.1 24 14.9 0.3 12.9 11.5 132.1
13 120.2 0.0 15.4 0.0 133 13.2 136.9
14 103.3 21.8 15.1 2.3 16.5 9.5 155.3
15 121.1 0.0 14.7 0.0 14.0 7.3 130.3
16 138.5 7.6 19.9 0.6 3.6 9.7 160.5
17 130.6 0.0 19.9 0.0 4.8 6.3 117.2
18 115.2 27.2 15.8 2.2 13.1 133 148.2
19 117.8 0.0 14.3 0.0 14.4 9.0 145.0
20 124.2 0.0 159 0.0 10.1 13.0 146.9
21 75.2 107.2 8.4 17.4 10.5 7.9 108.8
22 73.2 121.2 8.6 20.9 11.1 12.3 115.3
23 71.5 141.4 8.6 27.6 10.4 133 128.5
24 118.6 18.0 14.9 2.0 10.8 12.3 142.8
25 108.0 9.1 14.9 1.5 10.3 12.3 138.1
26 111.2 17.2 17.5 1.8 7.5 14.3 163.2
27 143.5 0.0 19.1 0.0 11.4 9.2 147.9
28 119.9 19.8 18.3 1.2 4.5 14.5 139.0
29 75.5 153.9 8.8 28.6 114 14.3 148.8
30 119.0 243 17.3 2.7 14.1 13.6 145.8
31 152.0 38.1 17.6 3.5 10.0 14.0 171.9
32 127.6 25.0 16.9 2.2 10.8 13.9 149.0
33 130.5 0.0 15.8 0.0 7.8 9.1 154.8
34 73.2 143.6 8.6 28.8 11.1 13.2 127.3

6) Comparison of thermal comfort

HFF—ALTER2 BERKERoTEMAIZE LT, ARNOREREREZK 5151277, EFICEHL TUIWT o
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HEL D REV, KEICHIIEDBIEFITMZ 272012, BEAGRORBRENEF LD BN L3 —2DHH
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5. Discussion

AWFFETIE, =2 L—X 2RV TEYWOERIEN 25 ) BFHEICOWTHE L,

WL ODDIATEFIN R LIZL DS, 2O XDt —F U B FHEIL, B4 & U TRz 2 BB s e Hife o
M EERET 5, Fx ORFHICBNTYH, EEOSME LM EIZHE LS L) HEAMERZ M Law
TV R R BN T, BUEORMEIHDICHSP RN TR 6T, EAEIE AT O FHETEY Z LI
SNThDH, L, BigaBE L CERAZSET L7201I2E., M0 FETCERMEREZMAICHKRTE K512
THOMLENHA D, ERIE. BN —WNEENTHDLTD, 2O L) RMARERITE L o7, LrL, ¥I=
L—3 g CEAND IS E LT T2 ARMIZ R — D@ OER 21T 9 Z L A HEEIZZR Y D0 dH %, T4 TIL BIM @
WRAZE- T, BEOEME R R U LIRS EE S B8 L2 T U X VEMICEHT 5 [Digital twin) &) 9 &
MBS LT %  (Kaewunruen 2018; Lydon 2019), Digital twin OHE&ITEH DAL &) BIUH & D TREEFES L
5 & THhAH I, Digital twin 12 K o TRAAMZREHA R AERICZ2AUE, LFICET L 2@ oiER &) I —1E
A& SERG TR TE 5 L2 ICR b ReERd 5,

ARBTHEDOT AT LA LR L L DIZ, BACnet {5 & VPN ZHWCEMEZEIETE D L 5y 2T A L3 hid,
M OEFITIHINC L D HINELS 725, BUEIX, @O f I35 E O & BEE DSk i+ 5 2 & A T
HOHN, RBFHELFEI UV AT APHEETEIVUE, AT Iy 7 ITEAEHEEE ANEZX 5 2 LN TE 5 ARetk
BHbH, 2F0, WL OLOEREGEREN AT L CTN—F v VEEIZ T AR ZEH 2170, &b BUViE
MR Z DT TEBREDOR Y N —7 ZBIEORYIHERT 5LV HiETH D, BIEOEM L <R UNE A
LOTAN—=F v VRGN Ry N —7 RICWHI L THIET 5 2 L1225, T O@YITELICER IS 720
Digital twin & 9 X ¥ % Digital clones & FES AR WG LV, ERRO X 9 2ERFE OBV B2 21T 556
i, B OERICKRT DML, BEOEY SO MICIE L TXhbn s R&Th b, 20X ) ethiA
DR TCENT, BHOE LW O P —ERTERFE AT TG SN2 ENTE D, bbAA, LVLhIC
BB CEEYE AR 2 IRRZ TE D EAENHS N 2RO, 20, V—EAORME BT, EigE e L
DA 2 BRE U C HEWNC BN T EA AR AR T 2 Y 7 by =T 2R LI S5 TH A H, gl &
(2. TR 2 b= X IR ORHERIENER TE 5720, BFE OVERRAZ MR T2 ETIHMEN RV, £72, W
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ZDBRIIH 172 FEB L 72 A 5 (IEA 2017; Wimmer 2015; Kim 2015; Pinheiro 2018), HL&E#F 12 & » CTHERET /LD
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