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Abstract

This dissertation is the summary of the research for fault detection and diagnosis and control
optimization toward the next generation building and energy management system (BEMS) that
support efficient operation of heat source systems which are so called cooling and heating plants of
heating, ventilation and air conditioning (HVAC) systems. The dissertation consists of the following
eight chapters.

In the chapter one, the importance of low carbonization and efficient operation of commercial
buildings, especially their heat source systems under the context of sustainable development goals and
the Paris Agreement. However, HVAC system has faults that deteriorate energy efficiency or worsen
the indoor environment. Some literature reports that the energy efficiency reduction is from 5% to
30%. Although fault detection and diagnosis (FDD) that detects the existence of faults and diagnoses
the type of faults has been researched for nearly 30 years, general methods have not been developed
because of the inherence and complexity of HVAC systems. In addition, control optimization is also a
technology that brings out the potential of HVAC systems, however, it is not common to install the
control optimization into the real system.

BEMS is a software that has been expected to improve the operation of a HVAC system. Although
it has functions such as data collection, storage, and visualization, they cannot contribute the
improvement directly. Therefore, to utilize the conventional BEMS, manual data analysis that requires
expert knowledge and calculation ability is necessary.

Considering above, the next generation BEMS whose functions are data cleansing that processes
missing and abnormal values, FDD, control optimization, and planning of maintenance for eliminating
faults has been proposed. In the dissertation, FDD and control optimization were set to objectives as
the urgent issues.

The methodologies to achieve the objectives were described as the utilization of detailed simulation
programs of heat source systems and algorithms such as deep learning and model predictive control
(MPCQC). In the dissertation, the target systems were two heat source systems: one is in Office A that
has water heat storage tanks and the other is in Factory B that is simpler than Office A. It should be
noted that FDD and control optimization can be regarded that the two sides of the same coin because
a system without faults can be regarded as optimal condition. In the dissertation, the condition based
on the design was regarded as a condition without faults to distinguish FDD and control optimization
as independent issues.

In the chapter two, BEMS data was analyzed manually. Faults were diagnosed in both Office A and
Factory B, and the real operation of heat source system was clarified. For example, equipment
deterioration, inappropriate set values, and inappropriate lower limits were diagnosed. The analysis
required calculating performance indices based on equipment characteristics and physical models and

assuming control behavior based on the control logics.



In the chapter three, the detailed system simulation programs that were utilized for FDD and control
optimization were described. FDD and control optimization require system behavior data such as
equipment control, flow and temperature, in the case of changing set values and occurring faults.
Therefore, the simulation programs were coded so that they can express system behavior appropriately
based on set values and fault conditions in addition to the boundary conditions such as heat load and
outdoor wet bulb temperature. In concrete, equipment performance curves, physical models for heat
exchanger and flow calculation, and feedback control such as (proportional integral) PI control were
incorporated into the simulation program, which enabled to calculate control transient status of the
heat source systems.

In the chapter four, at first, FDD scheme that includes detecting the existence of faults, diagnosing
the types of faults, and identifying the severities of diagnosed faults that enables to quantify the effect
of eliminating the faults. In the dissertation, detecting and diagnosing faults are targeted.

Then, distributions of system coefficient of performance (SCOP) were calculated by modelling and
incorporating uncertainties which is defined in the dissertation as errors against true values in
measurement and control in heat source systems. The distribution can detect faults that influence
system performance seriously when the BEMS data locates the lower side of the confidential interval
of the distribution.

In the chapter five, fault database was generated as a preparation for the FDD method that utilized
convolutional neural networks (CNNs) which is one of the deep learning algorithms. Fault conditions
such as inappropriate set values, equipment deterioration, and sensor errors were incorporated into the
simulation program and the faulty behaviors were calculated. In addition, the characteristics of the
CNNss utilized for the learning were described.

In the chapter six, the CNNs learnt the feature of faults from the fault database. Then, the BEMS
data was given to the trained CNNs. The CNNs diagnosed probabilities that express the features of
which faults were observed in the BEMS data. The proposed method requires assuming fault types
and implementing simulations to generate fault database, however, it has advantages in less manual
data analysis, and it is expected to implement the simulation automatically thanks to the development
of building information modeling (BIM).

In the chapter seven, MPC was applied for the low carbonization control. First, the coefficient of
carbon dioxide emissions [kg-CO»kWh] was estimated, and then the heat source system was
controlled to achieve minimum CO> emissions based on the coefficient. In concrete, the target was the
heat source system in Office A that has water heat storage tanks as energy buffer, and refrigerators
were controlled by MPC. As a result of case studies whose period was a week in July, the proposed
method reduced CO- emissions against conventional nighttime storage and daytime storage by 47%
and 13% respectively. In addition, the reductions were also achieved in the cases that the load

prediction has 10% positive and negative error, which indicates the effectiveness of the proposed



method.

In the chapter eight, the dissertation was summarized. In addition, the further considerations were
listed as data cleansing that processes the raw data to available data, expansion of target from heat
source system to HVAC system, upgrade of simulation programs to fully dynamic model, search for
uncertainty in the real operations, more efficient learning of CNNss to install the proposed FDD method
to a real BEMS, identification of diagnosed faults that leads planning of maintenance, and estimation

of the amount of renewable energy that can be introduced by the proposed control method.
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TLEERBEEELTIRIHLTWA[], ZOBELERT D7-OITENTFEMBIT D 17%
W EABUE LB =3 &, BIRANCE T 5 22~24%t OFARTRET F L F—EANME L X
ND[2, FFZ, &7 4 AEANREENDLESEOMIINIK 4 HH O BEEHE & LT
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Fig. I-1 CO; emissions in each sector and goal for commercial sector, depicted based on [3] [4]
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BIZBTDFET T%CEELN, TRV, AXU X, ARTIEZNZI 18%, 11%, 16%
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KL CTREINDAMEED, MEESR 7 GHIE DR & & s DR % KA T 5l
HFEELRET D EBROBND, LL, REFEHLEDT AT LADOX v v/, JBEHE
DR ITERINKS A 72 EREEHRFI RIS EE LW RN oo, filE A1 T0E M B 4a
(CH D THROBEALIRET 24T 9 T L DACRITE E Ly,

i TBERE TIX, Value Engineering (Z A R v N) ICXAIRWEREOHKGREALZINZ, %
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Information Modelling (BIM) 2NEFFH SN D L 212720, A4 7H A 7L TOZRLF—
HRORFHZ LIFFREETIEH 2 0H VDI D K 51T/ »> TE72[12] [13][14], LavL, &
YYD A TALERCIE OB NET TH 2 ITHEA RN EL 258 0H 0, B
ITKIRE LT > T %,

B ISRV T, Bl ins YR Tlidd 578, EORNIAEAITK LGl 7%t
WeZATH ZEMROBND, EMT AT JMIBTLAEE (fault) L1E, AT LAAKDOME
RERHAZAETLIHRN TH Y, ENERRREOE(L= LT —PROBE T 25
bHDLERSIND[15], REEOHIE LTI OMRES L, NEDIZREERE, & s
BEFOND, INBRERIZL ST, MY AT AL 5%0 5 30%H DZFRIEFAET T
W5 EEDLNS[16][17] 18],

AT DZBT DR AEDOFEOFEZBIL, TORRZRHES L L (RAA
FN + ZWr. Fault Detection and Diagnosis, FDD) &% O EEM W 2 124 30 4FRi2> DD T
HITWD, b HHITETIIC 2 SNIZO 1991 425346 S47- Annex 25 (Annex:
International Energy Agency (IEA) ® —#$4xCd % Energy in Buildings and Communities
Programme (EBC) |Z351) 5 EEEMEZES) Th U [19][15], £ D% 2001 412 % ASHRAE
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TRy T AMBHES TV AH[20] [21] [22] [23], S 4L H DRFFE 2 miE & L CHAEICE
5 ETEL ORI THITE Y ([24] [25] [26] [27] [28], BIEIXZELEIC AT T Laurence
Berkeley National Laboratory (LBNL) <> National Institute of Standards and Technology (NIST)
72 EIZBWCHEIEES D 51TV A[29][30], LvL, Zhboray=y MIFED
BA¥E, 7 — X DIEENBIRD AL TE Y, BIRFR T—RARFIENHL I N L ITE 220,
e HIENC B L CiX, PID filfHl/ 8T A — & W EEE OfifH X 7 A — X O i fEHEFE[31]
[B2]%1Z U & LT, HEMECE B ORI b[33] [34] [35] [36]7° 2k THRERTE LT
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Control, MPC) DZEFH L AT A~OiEHPFFE S LTV 5[37] [38],

7235, FDD O &2 EHETHEEHN 7 aE AL LTa3 v a =27 (Commissioning, Cx)
DT N LI T A[39], Cx &1, Annex 40 ICTLLTF D X 9 ICEFK SN TV 5[40],

Clarifying building system performance requirements set by the owner, auditing different
judgments and actions by the commissioning related parties in order to realize the performance,
writing necessary and sufficient documentation, and verifying that the system enables proper
operation and maintenance through functional performance testing. Commissioning should be

applied through the whole life of the building.

Cx (TR RO SN DHVEREEZ RIS H - OICKE R T o A THY, TOXEITZEH
VAT MM E LT ST K S[41], £DT=9, FDD R flEY Cx et R
T AHEREMNE L TBRAZITTHARYREE SN LD TH D,
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Fig. 1-3 Structure of the next generation BEMS
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1.4. TESEH - B & R

AR D X 512, REAHA - W & Sl il X220 o 2 7 A OEMHARFIC I 1T 2 Kb o &
BRUERTHD, FRFC, MEEIREMOBRICHD, ZITIEHAMHREE LTI AT AT
xR AR BEGIZ Lo TRREMROMEREZBETE TV RWVWLDE T 5, £ZTET FDD IC X
DU AT DEREHFICHEE LTEMERZBETE 5 LUV E T & B, WRITHIE 2 FaE b
T2 Z & CEBEOIERAMOIIREME L Vo T ATJTK LT AT AOIREEA Fal 2 ki
WZHE EFHZENTEDITTTHD (Fig. 1-4), O£V, REAWKM - W & b
FITONTHID TV AT DMIZEDRT U ¥ VERETE D,

BEAESCRRICI VT, FDD & faliilil A BBl o v AT A x st L7l o s
[44], FRIER S 2T L& x5 & U TmAVKIRE i (bom g o < BE A fkn - 2l
HHDTHY, RO BT O LIEFITEND, Bk - BWrktRORES OFED RE
BIThDZ LR, iRl b ek 2B EMERE LT A STV D 7DD vl i
b5, £7z, FDD & b % [FRFIC R T 5 2 & I1XJED Annex25 THITHiIL T (Fig. 1-
5), £, Detection (F%N) DER/FITE N T R/LF —LENEREOMER @Ebﬁb%ﬂm
L, “Non-optimal detection” & L’C#FWL@ REE I S, KIZ, Diagnosis (K1) |
S TREAEDFRRSLEFT 2 5202 L, ;%% IZ Decisions and Actions (B JEIRE & xHL) &
L CRREME O i b0 R BA @{li‘ﬁ?a’:ﬁ I EWV I AR RSN TN D,

PLEZEEE 2, AW TIXFDD & adEfil#EomE 25t & Lc, 7ok, REAZH]
TET D BRDELUEIRGE &2 B FHIF Tl e < fdiikig & 95 &, FDD OBEEIT feii il 8 A4 #7004
Tl ENTE DN, A TIEIMEZE Y 530 572D BEG 0 eV IRIEZ R O AR
E L, bl Lo T bR ET A0 L L,
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Fig. 1-5 Tasks and Objectives of Building Optimisation and Fault Detection, cited from [19]
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15, WARFIEERBIDER

AL TIE RO L5 IR Y 2T MBI DR EAR - W& Bl bl oM 217
IT-DIL, BEMWEAETHUAT A (FEITA) EASRVWUAT A (T B) ©250%
VAT LENBRIIRE AT o T2, TRTOMFHE, T 6T AT MMIBIT 5 FEEOFHT —
% (BEMS & —%), #Hfiias AT Ly I alb—vay, BHREZERTIHIEODOTLITY X
LD 3FEEZRNNTHHEIT o7, FFRFIEOFEMIIS RO Z SR IV,

AimOMR L LT, A% (1 =) IShtE, F2ETIIBEMS 7 — X 2 FEETHHL
TR E R T, B LI AREAIC O TEER T2 & & HiZ, BEMS 7 —# Zi# U2 i35
Te DI TR H T,

% 3 ECTIEARARE - BErCREREOBREHIAW DR AT AV I 2 b—T g
v DRESIZHSWTERT 5,

FAETIIT AT LB T D MENSEERT HZ LT, VA7 L COPDIFEZELL,
InEHOWEARBEARAORE 21T 72,

HSE-FH6ECTIIEEFEO -TFETHIEAAIR=2—T Ny NT—T7 ZHWNT
RNEGHE - BB ORI E2ITo72, HSETIIV AT LAY I a2 b—va VI D REAT —
B R—= 2 DIFER B IR IAFD =2 —F )V H >y 8T — 7 DFRHEIZOWTREIR L, 3 6 ETIX
FE - BRSO B R AR LT,

87 BCIRERE OB & LT, =7 A TRIGIEIC X 2 RRFEHEICER Y A, £5°
Rzl 2 & O "ML FEHEHBRE AT L, iz b Sl TBLRBEH R EN RN E 72 58
TN 21T > 72,

5 8 B CIIAT TR L7 R EA A - Wil b ofie % & Tkt BEMS 4R
e L, BRICARROBIG 27 Lz,

U ED XS, KimDBARP it k& S REAKE, REABE - W, Sl o
3SHEHEICTOND, R CTIEFEITA ETHBEZMRELTRY, FEITAIXIETOR
AEiTo7, Lovl, T BIIEBWAZA ST, AT LL LTUIFEBITA LD HHEMT
HoHIH, REAKRE - BEOAOXRE LT,

F 72, I3 Internet of Things (IoT) <> Big Data, Artificial Intelligence & - 72 BAGEIZ/X
REINDT — 2N - EFE - AT T 2 EAiT R Ly, BEMS 7 —Z IZkkx 27 v =
URXLEMABGDLETHENT 22 L2 BIRTAMIIEITE SICZN S OO FITHZT 5
LOTHY, RPFFRRED X 575 R ECW MIEENHIFEE D,

11



F1E

W
#

Chapter 1 Introduction

Describe background, objectives, and methods and propose the concept
of the next generation BEMS

Chapter 2 BEMS data analysis and proposition of next generation BEMS

Clarify faults by analyzing BEMS data manually and describe required
ability to analyze BEMS data

Chapter 3 Development of system simulator

Develop and construct detailed system simulations that include
equipment model, hydraulic system model, and control model

Chapter 4 Fault detection considering uncertainties

Propose the fault detection and diagnosis scheme, define uncertainties in
HVAC system and estimate performance distribution that enables fault
detection

Chapter 5, 6 Fault detection and diagnosis using deep learning

Generate fault database, preprocess the database, introduce the
characteristics of convolutional neural networks, and diagnose BEMS data

Chapter 7 Control optimization

Low carbon control by model predictive control considering dynamic
coefficient of CO2 emissions

Chapter 8 Summary

12

Fig. 1-6 Structure of the dissertation

Office A

Factory B

Factory B




XA BEMS [CH (T =ZRARR AT LD
TEER - 2 L RBEHRIENIEET B

ZE X
[1] BREEE HP B AR HERIRIRALXT RHEEATS B ADKIRESR, 201547 A 17 H,
https://www.env.go.jp/earth/ondanka/ghg/mat01_indc.pdf (2019 4F 8 H 28 H%)

[2] RFEEFE R X -5 REL, 2015,

[3] [ENTEREEMFZEAT HP : 2015 2 Ok 27 ) OIRBFEN APEHE (Meffl) (2o
VC,  http://www.nies.go.jp/whatsnew/20170413/20170413.html (2019 4 10 A 22 HF%)

[4) RN RHT AL X WU A7 ¢ A HP :HAROIEENF N APEH R, http://www-
gio.nies.go.jp/aboutghg/data/data-updated _7gas j.html (2019 4 10 A 22 HH'E)

[5] Costa Andrea, Keane Marcus M., Torrens J. Ignacio, Corry Edward : Building operation and
energy performance: Monitoring, analysis and optimisation toolkit, Applied Energy, Vol. 101,

pp.310-316, 2013.

[6] Pérez-Lombard Luis, Ortiz José, Pout Christine : A review on buildings energy consumption

information, Energy and Buildings, Vol. 40, No. 3, pp.394-398, 2008.

[7] BFPEFEE BRIV —IT @ Pk 30 4 = 3L X — |29 HERHE, pp.104,
201946 H 7 H.

[8] International Energy Agency : The Future of Cooling Opportunities for energy-efficient air
conditioning, pp.60, 2018.

[9] Ooka Ryozo, Komamura Kazuhiko : Optimal design method for building energy systems using
genetic algorithms, Building and Environment, Vol. 44, No. 7, pp.1538-1544, 2009.

[10] Asiedu Y., Besant Robert W., Gu P.: HVAC Duct System Design Using Genetic
Algorithms, HVAC&R Research, Vol. 6, No.2, pp.149-173, 2000.

[11] Manuel Mark Christian E., Lin Po Ting, Chang Ming : Optimal duct layout for HVAC using
topology optimization, Science and Technology for the Built Environment, Vol. 24, No. 3,

pp.212-219, 2018.

[12] Irizarry Javier, Karan Ebrahim P. : Optimizing location of tower cranes on construction sites
through GIS and BIM integration, Journal of information technology in construction (ITcon),

Vol. 17, No.23, pp.351-366, 2012.

[13] Shadram Farshid, Mukkavaara Jani : An integrated BIM-based framework for the optimization
of the trade-off between embodied and operational energy, Energy and Buildings, Vol. 158,
pp.1189-1205, 2018.

13



F1E i

anp

[14] Yajima Kazuki, Akashi Yasunori, Lim Jongyeon, Fukui Masahide : Optimization of Design
and Construction Process of Heat Source System Utilizing BIM, Proceeding of BS2019 16th

International Conference on Building Simulation, 2019. Sep.

[15] Hyvarinen J., Karki Satu : Building optimization and fault diagnosis source book, IEA
Annex25 Final Report Vol 1, 1996.

[16] Katipamula Srinivas, Brambley Michael R. : Methods for fault detection, diagnostics, and
prognostics for building systems—a review, part , HVAC&R Research, Vol. 11, No. 1,
pp.3-25, 2005.

[17] Fernandez, N., Katipamula, S., Wang, W., Xie, Y., Zhao, M. and Corbin, C.D. : Impacts of
Commercial Building Controls on Energy Savings and Peak Load Reduction; Sponsor Org.:

USDOE, 2017.

[18] Roth K. W., Westphalen D., Feng M. Y., LlanaP., Quartararo L. : Energy impact of
commercial building controls and performance diagnostics: market characterization, energy
impact of building faults and energy savings potential, Technical Information Center Oak Ridge

Tennessee, 2015.

[19] Hyvérinen J. : Real Time Simulation of HVAC Systems for Building Optimisation, Fault
Detection and Diagnostics, International Energy Agency, Energy Conservation in Buildings &

Community Systems Programme., 1999.

[20] Ahn Byung-Cheon, Mitchell John W., Mclntosh Ian BD : Model-based fault detection and
diagnosis for cooling towers/Discussion, ASHRAE Transactions, Vol. 107, pp.839, 2001.

[21] Chen Bin, Braun James E. : Simple rule-based methods for fault detection and diagnostics
applied to packaged air conditioners/Discussion, ASHRAE Transactions, Vol. 107, pp.847,
2001.

[22] Dexter Arthur L., Ngo D. : Fault diagnosis in air-conditioning systems: a multi-step fuzzy
model-based approach, HVAC&R Research, Vol.7, No. 1, pp.83-102, 2001.

[23] House John M., Vaezi-Nejad Hossein, Whitcomb J. Michael : An expert rule set for fault
detection in air-handling units/Discussion, ASHRAE Trans, Vol. 107, pp.858, 2001.

[24] Wang Shengwei, Cui Jingtan : Sensor-fault detection, diagnosis and estimation for centrifugal
chiller systems using principal-component analysis method, Applied Energy, Vol. 82, No. 3,
pp-197-213, 2005.

14



XA BEMS [CH (T =ZRARR AT LD
TEER - 2 L RBEHRIENIEET B

[25] Schein Jeffrey, Bushby Steven T. : A Hierarchical Rule-Based Fault Detection and Diagnostic
Method for HVAC Systems, HVAC&R Research, Vol. 12, No. 1, pp.111-125, 2006.

[26] Bonvini Marco, Sohn Michael D., Granderson Jessica, Wetter Michael, Piette Mary Ann :
Robust on-line fault detection diagnosis for HVAC components based on nonlinear state

estimation techniques, Applied Energy, Vol. 124, pp.156-166, 2014.

[27] Beghi A., Brignoli R., Cecchinato L., Menegazzo G., Rampazzo M., Simmini F. : Data-
driven Fault Detection and Diagnosis for HVAC water chillers, Control Engineering Practice,

Vol. 53, pp.79-91, 2016.

[28] Yan Rui, Ma Zhenjun, Zhao Yang, Kokogiannakis Georgios : A decision tree based data-
driven diagnostic strategy for air handling units, Energy and Buildings, Vol. 133, pp.37-45,
2016.

[29] Jessica Granderson : Automated Fault Detection and Diagnostics (AFDD) Performance

Testing, Laurence Berkeley National Laboratory, 2018.

[30] Daniel Veronica : Automated Fault Detection and Diagnostics for the Mechanical Services in

Commercial Buildings Project, National Institute of Standards and Technology, 2017.

[31] Huang W., Lam H. N. : Using genetic algorithms to optimize controller parameters for HVAC
systems, Energy and Buildings, Vol. 26, No.3, pp.277-282, 1997.

[32] Miyata Shohei, Lim Jongyeon, Akashi Yasunori, Kuwahara Yasuhiro : Optimal set-point
regulation in HVAC system for controllability and energy efficiency, Advances in Building

Energy Research, pp.1-11, 2019.

[33] Kintner-Meyer M., Emery A. F. : Optimal control of an HVAC system using cold storage and
building thermal capacitance, Energy and Buildings, Vol. 23, No. 1, pp.19-31, 1995.

[34] JREIRE, WORLT, BEA -, R, mfE— . HEEIERS 2T L OEESGEHH
(BT D HmENRICONT, HAREARF IR ICE, 5625, %499 5, pp.27-
34, 1997.

[35] (L EBLHE, HHEM © > 2L —3 g VR AW AKRERRZEH S 2T L0 i iEls
15, ZERERR - AR LY FROUER, 5308, %5105 %, pp.l-11, 2005.

[36] Ikeda Shintaro, Ooka Ryozo : Metaheuristic optimization methods for a comprehensive
operating schedule of battery, thermal energy storage, and heat source in a building energy

system, Applied Energy, Vol. 151, pp.192-205, 2015.

15



F1E i

anp

[37] Afram Abdul, Janabi-Sharifi Farrokh : Theory and applications of HVAC control systems — A
review of model predictive control (MPC), Building and Environment, Vol. 72, pp.343-355,
2014.

[38] Zhao Yang, Lu Yuehong, Yan Chengchu, Wang Shengwei : MPC-based optimal scheduling
of grid-connected low energy buildings with thermal energy storages, Energy and Buildings,

Vol. 86, pp.415-426, 2015.

[39] Xiao Fu, Wang Shengwei : Progress and methodologies of lifecycle commissioning of HVAC
systems to enhance building sustainability, Renewable and Sustainable Energy Reviews, Vol.

13, No.5, pp.1144-1149, 20009.

[40] Jean Christophe VIsier : Commissioning tools for improved building energy performance,

International Energy Agency, Energy Conservation on Building and Community Systems, 2004.

[41] Parzych R. Bruce, MacPhaul D. : Commissioning the Building Envelope: Surviving
Hurricanes Charley, Frances, and Jeanne, National Conference on Building Commissioning,

Building Commissioning Association (BCXA) , 2005.

[42] Noda H., SekiY., lino M. : Next-generation BEMS technologies realizing comprehensive
energy management of groups of buildings, Toshiba Review, Vol. 67, No.9, pp.8-11, 2012.

[43] Garcia Carlos E., Prett David M., Morari Manfred : Model predictive control: theory and
practice—a survey, Automatica, Vol. 25, No.3, pp.335-348, 1989.

[44] Granderson Jessica, Lin Guanjing, Blum David, Page Janie, Spears Michael, Piette Mary
Ann : Integrating diagnostics and model-based optimization, Energy and Buildings, Vol. 182,

pp.187-195, 2019.

16



XA BEMS [CH (T =ZRARR AT LD
TEER - 2 L RBEHRIENIEET B

Irh-zil:

RLE

BEMS T—4% 7347

17



% 2% BEMS T—4 4

21. BHAA
211. EYBE

i W) 1T AR VS AT AL B T D IE~IRTEFEA 16 T KO RBUREBEFTE L ThH D
(Table2-1) , FHAT A ITE T 10 FELLESRGE L TV D25, fkktho7e s A o B fi
BN SN TED 2019 EICZLKTH - L T 3Ra%ay BHY THEE) ) 2285 LE-
(11

Table 2-1 Overview of Office A

Location Minato-ku, Tokyo, Japan
Completion 2006, August

Usage Office, Conference, Restaurant
Site area 18,165 m?

Total floor area 162,888 m?

Number of floors 2 (underground), 20, 2(penthouse)
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21.2. BRI AT L&

HEIT A OBJR Y AT LD % Fig. 2-1, Fig. 2-2 1237, Ff e L CIImEKDO%
A FARBEZFAL TS Z ERETONDD, Pie L CEHARGHE LREINT
W5, F7z, HEEMIAEE % Table 2-2-Table 2-4 (/" T, 4 B OHEHEIT TN THEREN RS
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TRE STV D HEIEE ORI AN STz, WEIESFIH & REFI]H 0 b <o g it i 48
FREE LTI T Z ST FRECIEH 203, AR TIED & b & OFRFHERIE D 12 TR
NRH SN 5 EFEiRT— N2 Rahdg L Lz,
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Table 2-2 Equipment specification for Office A (1)

Name Equipment mlljrrr:er Specification Power [kW]
TRI1 Heat recovery 1 Cooling capacity 1,723 kW Cooling mode
inverter turbo refrigerator Heating capacity 2,109 kW 278 (Output)
Chilled water 2.470 m*/min 316 (Input)
15°C—=5°C Heat recovery
Hot water 3.070 m*/min mode
35°C—45°C 353 (Output)
Condenser water 5.892 m*/min 399 (Input)
32°C—=37°C
TR2 Turbo refrigerator 1 Cooling capacity 3,481 kW 530 (Output)
Chilled water 4.980 m’/min 587 (Input)
15°C—=5°C
Condenser water 11.738 m*/min
32°C—37°C
TR3 Inverter turbo 1 Cooling capacity 3,481 kW 562 (Output)
refrigerator Chilled water 4.980 m3/min 641 (Input)
15°C—=5°C
Condenser water 11.830 m*/min
32°C—37°C
TR4 Turbo refrigerator 1 Cooling capacity 3,481 kW 494 (Output)
Chilled water 4.980 m’/min 547 (Input)
15°C—=5°C
Condenser water 11.623 m*/min
32°C—37°C
CTl1 Cooling tower 2 Cooling capacity 1,578 kW 5.5x2
Condenser water 4.522 m*/min
37°C—32°C
CT2,3 Cooling tower 4 Cooling capacity 3,155 kW 5.5x4
Condenser water 9.044 m*/min
37°C—32°C
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Table 2-3 Equipment specification for Office A (2)

Name Equipment n:rrrlltl)ter Specification Power [kW]
CP1 TR1 chiller water pump 1 Flow 2.470 m*/min 11
Head 18 m
CP2 TR2 chiller water pump 1 Flow 4.980 m*/min 30
Head 17m
CP3 TR3 chiller water pump 1 Flow 4.980 m*/min 30
Head 17m
CP4 TR4 chiller water pump 1 Flow 4.980 m*/min 45
Head 35m
CP5 Primary chilled 4 Flow 5.340 m*/min 45
water pump Head 32m
CP6 Secondary chilled 4 Flow 2.670 m*/min 30
water pump Head 41 m
CDP1 TR1 condenser 1 Flow 5.892 m*/min 45
water pump Head 32m
CDP2 TR2 condenser 1 Flow 11.830 m*/min 110
water pump Head 38 m
CDP3 TR3 condenser 1 Flow 11.830 m*/min 110
water pump Head 38 m
CDP4 TR4 condenser 1 Flow 11.623 m*/min 110
water pump Head 38 m
SP Sewage pump 4 Flow 8.038 m*/min 55
Head 23 m
HP1 TR1 hot water pump 1 Flow 3.070 m*/min 11
Head I2m
HP2 | Primary hot water pump 4 Flow 3.400 m*/min 22
Head 23 m
HP3 Secondary hot water 4 Flow 3.400 m’/min 37
pump Head 45 m
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Table 2-4 Equipment specification for Office A (3)

Unit
Name Equipment umber Specification
CHEX Plate heat exchanger 2 Capacity 7,454 kW
for chilled water Cold side 10.690 m*/min
5.5°C—=15.5°C
Hot side 10.690 m*/min
17 °C—=7°C
HHEX Plate heat exchanger 2 Capacity 3,550 kW
for hot water Cold side 5.100 m*/min
33°C—43°C
Hot side 5.100 m*/min
45°C—35°C
SHEX Plate heat exchanger 2 Capacity 6,168 kW
for sewage Cold side 16.075 m*/min
30.0 °C—35.5°C
Hot side 17.682 m*/min
37°C—32°C
ST1 Water heat storage tank 1 Volume 2,396 m®
Temperature 5°C-15°C
ST2 Water heat storage tank 1 Volume 2,154 m?
Temperature 5°C-15°C
ST3 Water heat storage tank 1 Volume 2,154 m?
Temperature 5°C-15°C
35°CH45°C
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21.3. EEHKKRBEOFIEIKRE

2007 FOEZEREH (8 HS5SH () 2258 H 11 B (1)) 2B Hl#ENRREEZ <7 (Fig.
2-3, Fig.2-4) ,

ZWRmAK BEEHK) 1B LT, ERNCAEIREE LB & IR oo T e (Fig. 2-
3(@) . WHIZ—kmKitE (REAECCHLEE (CHEX) OZBUWEM) 23 “kmkiie (i
BB LY (CHEX) @ Air Handling Unit (AHU) i) (Zxf L TR & 7> T2 Z &3
JRIRTd o7z, KRB T2 OISR 2 & I EEgn KR 7 (CP1-CP3) DET)
2 & o TR s O — RN ENAE T D, 2 OFENSEE O RBOBRFITR L
THRTHY, K AT DITBZHIHIE T O R PRE SN TWRNZH 2D
ORIt EZOND, ZOREBIIRFIOFREAL bARTIENTED
0, FEAINZ K o CTEBHEE TE WD ARFROREEGHE - ZWOxIG L 1L L h o T,

Fig. 2-3 (b) CIIBEMBEMN R THEEH L T\ e, EFOARMBRKEVRELTH L7720, KM
B TS EGRB S TH D TR1, TR2, TR3 OFT T L, §]& 4 71T %R A
Th 5 TRA PBEE L Tz, BRICMEEOBREN 2V 0Ix, B —27 1y FRKZ KA
NEBNEELZDLTWEEEDTH S,

ZRGAKRAR T (CP6) 1FE RIS U THEEDHIEH S Tunz23, 8 A 10 HOBRRMIZES
DBHEIZEI D B2 b TWe (Fig. 2-3 (¢) . TORIMECTHBEEBEN b N F 7 LTED,
Fig. 2-3 ()25 b “IRIMENFEEIC AN F o 7 LTz, A BOERIC LV i &
HPARLZEIZRY, ZTOREE L TERS FRICALERFIEIC o7 b D EBEZ BND,
EAEI O N T 7 OFIN E LT AHU OFIEARENZET 5 b,

HEE IR S 6m OIRERRET CTH 57, KFEERFIZEE 25 5°C & 720, Bk
BEIZ BN S 17°C Lo 72 (Fig. 2-4(a) » SECRHEREO G K RN 5°C TH 5
7D EmBOREITEE TH 55, b &b & REEWEIXREZE 10°C TREFSNLTWZ72D
EHEANE 15°C 12725139 Th D, BEVHEH LS (CHEX) ORENNREOITHEAINT
FER, DNZVIRETHEZHNAREL 720 CHEX O— AN MIBEAHFFEL Y &< 72
Sl bEZBND, ek, FEFEICRIT HDIREENKE 2D 2 & CTHEATREZR 2L E AN N
T 5720, ZOBRIIV AT AL THMIZEL boEEZ NS,

TR (SP) 1T KDOEHTHS 4 B THIEINRD O, TR (SHEX)
OWHEIKH DIRE X TIERECIEE ICHIE STz (Fig. 2-4(b)(c)) - 728, Fig.2-4(c)iE F
KR THBROHROEEZ 7 vy b Lo, BREREN FKARIREIZY LT 2°C LLED7T
7u—FREDHER STV OIRERIENEYIC S eE x5, 2L, 20
FTH8H 11 HOWITHTIET Ve —FRENAMLOB LD b/ha<, ZORERELTRAK
R TOMEENDEMLIZLDEE LN,
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Fig. 2-4 System behavior in a week in 2007 (Office A, BEMS data) (2)
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21.4. REAMEE

I A ITE L% 10U ERE L, RIS —2Rh&EEIhTn5, £2°7T, 2007
1 AN 2016 412 A D 10 FRIC DT HEROEB 2 043 25 Z & C, RAEM 2R
o2& WL LT,

Fig. 2-5 |2 10 £ @ A [E SCOP %Z7~7, HI# SCOP 1IxI5 H OILARE E O FAE % 42
BHETRLZMETH S, 2007 1 A0vD 3 HOMENIEFICE VA, Z ORI kMo
TR ERS 0 HHRRENRKE SHE STV, FHIT A IEHGEREN 12 »
HIZ 1 EBIfES LTV 2, ZOREAICR S ZENTE, 2007 4F 4 A UIRIXEED
&N, BIROMER E L TIE, EZFIT SCOP DIEH2EAVNE L, FHEFERAFRIZBWT
EOEDENREDN Tz, HFEITAMPKRE HER U L5 REEKRIC/R D 013 L, PRIZFER
AZETIHEED LT Dm0 ERIAN & W7 iEHEZ AT L TV D AREMERH 5 2 &%,
WHUKGMEDO I L > THEHE COP NEB L7-Z ENFIRE LTET LN,
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Fig. 2-5 Monthly SCOP for 10 years (Office A, BEMS data)
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Fig. 2-6 |2 10 R OB EEZRT, 2007 4F 1 A D 3 AIIWBAEOESMOF &
TREWD, BT XS IR EICEAT 2 o P RENREK TH L5, 20 10 RO
G, 2011 AEEFROIGBE DR b/ S o T2, FHIT A 1B SR ICRUERI 2R 8B 21T\,
A& H O 5| & LREOMENC X 2 AHAMEROZRICELIbDEEZLND, £D
728 2011 2 ORI BT ZF ORI IR TREWRER & 2o 72,
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Fig. 2-6 Monthly supplied heat for 10 years (Office A, BEMS data)

Fig. 2-7 12 10 M D A MiHEE &L~ EHRII a2 & [T, 2011 {2 BRIk
WCEZEOMHBEENDWA Lz, —F, AR oI/ E <, THE 2011 FLETE Y &
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Fig. 2-7 Monthly power consumption (Office A, BEMS data)
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FEAHRM - 2 & REHEICEYT SR

ML OB BN ED 5 b, A & TR 7T OHEE ) &4 ik L7z (Fig.2-8) .
AT KRR 72 ISR L, MEESITKRR T ORA T F o RAGFEDONYy 7T v
TLLTEASR TV, LL, FEAICBWTIAFTHAELS LIXUITRA ST
7o AFRIPVKIRERRE D T/KRE X0 SRV 2D, Mmoo COP M ED72dIicZ o L)
RHEEEMTON-bDEEZBND,

N (9% P wn (o)
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Power consumption [MWh]
S
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Fig. 2-8 Power consumption of cooling towers and sewage pumps (Office A, BEMS data)

K —

WA 7 (CP5) & “WRAR>7 (CP6) DIMBEHEEZLI LT (Fig.2-9) . Mi#&

(TR o PR A CIRITCIBIZ S 2 S5, ZDTCOHBEB N BEOEB bW H D L
ole, LnL, ZAFOWEARN/NS W —RAE 7 & R 7 OTEBENR R E -
Too IR A EI~y FRZEELZ —FEU EE R L0 ICHElsh T D720, [KITERFTH
—EU EOWEBENPELDDELEEZOND,

Power consumption [MWh]
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B Primary chilled water pumps m Secondary chilled water pumps

Fig. 2-9 Power consumption of primary and secondary chilled water pumps

(Office A, BEMS data)
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2.1.5. AEMEMS N

Fig. 2-10 T 10 FF O &Mt D A MAEERGE & COP 277, COP [3m B4 ER %
HEEETHRLIMETH 5, TRA ITFHFBREITHRE LR WEERMEHEETH 0, mALKRIC
B IND Z ERREHRELOEE SN TV, 20720, EEHIZBWTE TRY IEFOD

IEERN e STV e, £72, TRI 75 TR3 NEBRGHIE TH 0 BSHZE 2/ LT K
TN BAE SR D720, WK DIRED 5°C THHDITx L, TR4 IXE R RN HHRE L
TWDTDEHKHTREN 7°C THh D, ZD7=8, HZT TRA O HEED COP Mo 5
B bmWEERERoTo,

F 7z, TRI I OHEEHE & LT COP DI H DX N KRE D ->7, TR2 X TR4 (FEHZ —
RNHEHETH DD, TRIEA = X —RnFE ThH 5720, MEVKIREDOZIZS T T
COP N Kk&E<Z T 5, TRI FAFIB W THAT— FTHEIES 5720 TR3 1FEHW
COP 2 RAETE ol EZOLND,
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Fig. 2-10 TR monthly heat production and COP for 10 years (Office A, BEMS data)
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WEHFEOVERE R L 0 SIS ONT T 272012, WMk (TR3) OAfMELE COP DOBIfREE
FHEREHIAR 12 2007 FFOEFEOEERSEZ 7 1 > b Lz (Fig. 2-11) . 22 T, PEREMHR

(FHY) LD D=, WK ORED 4.95°C LLE 5.05°C LLFTH Y, AR 20%LL
OERROHRE Ty LT,

RS R, AmrE L AUKH DR IZ X - T CoP A& LT 5, Fig. 2-11 1
BWTIAAOT B v OFUNIFERRTH D HEREMBR ML E AU FEEER S BV TR EHE
D OMEREDRFIE I N TV D LK TE 5, WAUKH TR 21°C LT O%4 TiEskatiE v
D COP M INTWIZAS, 17°C R 13°CHHED 7 vy & R 2 & MERElh#R L 0 & Tl
DAL TS, 2O, HHKHE DEEMEWGEASITEER Y OMREERETEX TN
ZEMNbND,
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Fig. 2-11 TR3 performance plot in 2007 (Office A, BEMS data)
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7B, WEHEOARER L COP ORMRIZOWT, ZOHFREFAEN JIS 12T Eq. (2-1)D#iH
NEED HLAILTWS[2],

833

Tol =10.5—-(0.07 X pl) + ——
° ( p)+ATﬂ><pl

Eq. 2-1)

Where Tol is the tolerance [%], pl is the partial load [%], and ATy; is the inlet and outlet chilled

water temperature difference at the full load.

INETZ 7T 5L Fig 2-12 DX 92720, ARTEIN/NI WG EVERBIIHR & FHIED
MOHFREENRE S RD Z ENbND, ZDI2D, ARFERI/NSWEAITHEREE Y O
COP M3 T & 72 < 72 5 Fig. 2-11 OO S IS (2Bl - 7o 17 2 R O3 A LT
HZEERLTNDEEZDLINLD,

14.0% 1
12.0% A
10.0% -

8.0% A

Tolerance

6.0% A

4.0% A

2.0% A
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Partial load

Fig. 2-12 Tolerance of COP based on partial load (AT;; = 10)
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FlEHEE TR IZOWTC, RERIRPERBRAN 2 37 72, Mg COP ImKH NRE, &
R EBHAKREIZ L S TRED 2D, DL DEICK L TANRD 25 & COP A MEREHNHR
MOBEHL, ZOMEEFEED COP Lok aRHH L (Fig.2-13) . 7¢ds, VEREHRMR & Dbl
EDT=DIT, HmAKHOEED 4.95°C LIE 5.05°C BLF, HKH OEE T 18°C LIk 37°C LL
T, AfRRIZ20% EE Ty FofktbE L,

TR3 I FAZFRIZH KRN 7°C THEIEZS LTV 2720, EANICEEREO Y 1y b &R
5772, 2011 R 2014 =D 7 1 MRTAE (2010 4F, 2013 4F) LV HE A > 72, TR3 1% 2011
FE2HTHEMNS 15 H, 201446 A 12 B 5 14 HOHIRIZTF 2 — 7 s 217> TRV, %
OfEFRE L THRENREE LZbDEBE X LD, T a— T HEFOER & BEE%O A BT
COP k% 2011 4F 2 H DRI D 91.7% (2010 4= 11 H) , 100.6% (2011 /£ 5 H) TH Y, 2014
6 HORIMED 91.9% (0134510 A) , 102.9% (201447 A) Thotz, TDH, F=a
— TP X o THER biﬁﬁ%ﬁm*lﬁlﬁﬁzb ZOEEFRITH 10% Th o7, 72721, Hil
BEDREME & U CTRMERNNS WG ITHERR RS Y OMEREA B SN W &2 ZET
%L, %;~7“¥€m:iéﬁﬁﬁ1ﬁww%ﬁ% T 10% L0 H/NSWEREMEN S 5,

160% 1
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120% 1§ % i | . '
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40% A

COP ratio against spec. curve
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Fig. 2-13 TR3 COP ratio for 10 years (Office A, BEMS data)
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2.1.6. TKKR THMAHT

TR T (SP) DEENZHIH S TWD DT 272912, £ FAREAH#: (SHEX)
IZBW TR S BB & FARR T EBEBIOMGRE ey N LT (Fig.2-14) , BoSH
PROMANEEZAEN —E THhIUE, MPREE L EITLFIRR & 220, R 7B ITAL
PEVED 3 RIZHBIT2ITT TH D, 2008 48 HDOT 1y MIZD K5 RERMMAHLND
2, 20134E8 HO7 1w MIe Bleo Tz, BB 160kW ([ZEF L, R 70
JUER BT B30 & iR RIRER A L Cuhiz,
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Fig. 2-14 Sewage pumps performance (Office A, BEMS data)
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TR T OGN OV THHR T 5 7012, TAEGHE DL OfEH&EE2 R T
(Fig. 2-15) o ZEMIASHEFSMEIKM, HRA T TH D, TAREHRERO EHIEET
KIS 32.15 m¥/min, HHIKAIAS 35364 m¥/min TH D, ZD— )7 THEIBHREDHEIK R
T DERGTEEDOFIN 29.46 m¥/min, T/KKR L 7 OEKFEDFA 32.152 m¥/min TH 5 7=
O, TARRS I ZWAKR L TRTRCTERTEIELIZE LTH, 2EDEKTHK
B+ 52 LIFAKL2NNTTTHD, £, BEOHGREARDL L, TAKIREN 30°C ORfIZ
WHK O DIREN 32°C TH DT, MBHDETHDHT 7 u—FHE 2°C ZRiiE s Lz
I LEEC R SN D IETTH S,

35.364 m*/min 32.15 m*/min
37.0°C |
SHEX | | 1 1 35.5°C

Condenser water pumps (CDP1-3)
29.46 m’/min Sewage pump (SP)
5 32.152 m*/min

32.0°C T

30.0°C

*All values are based on the equipment specifications.

Fig. 2-15 Designed conditions related to SHEX

LovL, BERIIT —H THftd 2 & 2008 A3 AR DR ERR EEOSEEICAE R ST
TRR 7 b < HIB STV =0Tk L, 2013 F3mHEKH DR EES —E T
HoT- (Fig.2-16) , TOFER, TKBELOT 7 a—FiREN/NI WD TKER 7 D08
FlCEIR SN T LE-TEEZBND

AR AT MMIHHKH DEEREMEZ FE COLRTEAGETH D 2 & BNARENRFRET
BB, ARTHNT T AKIREZIZEDWIZREEZERFL « RET DI ENLEE LV,
FE)TIHAELRREMERITHE LV, TOLOREEPBRFHFIND LIV AT LE
WETDHZENHFIND,
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Fig. 2-16 Sewage pumps control in a week (Office A, BEMS data)
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2.1.7. BB

KU AT HITHBASNTNWD Y b— FRBHLEHIM B O F = — 7 L[, Gl X
> TERHRN RPN T T 2, MKBEMESSH L (CHEX) O tARIL Fig.2-17 D X (1
2o THY, [FURECESHRENMET LG aE kK OEERS ER L TLE S,
FEIIE— R OFE RS M TEEZ SR U R Rl S D720, BB ENMK
T2 L~ KMOFEEIHML, [FIRFZ— M HRE DK TR A > 7 OB E O
IR ELD EEBEZXBND,

BT ias DNRIRNIC XD v A7 AETOEE, BEOEHE ~EERA L D12 DRER
7 Z 7RI L HRHlAEE L, = 2T, 53 F 23881 2B HERTE T L & VT
IR D RT A—H % BEMS T — X INBRIE L, ZO0NTEIT->7-, 2 ZTlX, #sSHs)
REFRT NG A—2 L LT, BSHRERZ AW, 7ok, BUSHERE K E VIE & BT #g)
KHmWI EE2EKT 5,
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Fig. 2-17 CHEX designed conditions
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Fig. 2-18 {2 2007 4 & 2015 D 8 HIZ351F 2 B MmfE OHEERER 27, 7o, KITIX
— HOHEEME O FEE) 2R Uiz, fEFE LT 2015 DO J5AY 2007 A% L CHEE BT o i fl
DA L, B RITER 26 TH o712, ZOREBITHESRIRE & W 23T — 4 D
HuERMNDET TIIRZERNHL <, MRRICBRT 27 A—F 2T T VT K VHEET
HZ & THREE o7z,
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Fig. 2-18 CHEX estimated heat exchange area (Office A, BEMS data)
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22. IigB
221. EYBE

T35 B IXEIWRFAIGHICAEST 28RO THTH D, IR THITMZ, BELE
3% (Table2-5) . 2011 DR HAARKER ORFICHR LT2D, ZO%RBUEEZ R CTHEAHH
INnr=gwmchs,

Table 2-5 Overview of Factory B

Location Sendai, Miyagi, Japan
Completion 2006 (renovated in 2011)
Usage Factory, Restaurant

Site area 95,539 m?

Total floor area 27,705 m?
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222, BRIATLIER

Fig. 2-19 (Z 135 B OFR Y AT L& -7, Mok, mEEE, SmutgomK - iEIKR
7, ZWRBKR T TR SN DI TN AT LT D (Table2-6) , HBkER
I, —RIBIKAR > 7 A B, RGN BB, IR R A i A,
AR 7285 B, WEIKASA 25, mEEEERERIE AT O TV D, WH
PRI BRI PN BERE SN TR Y, OB B S »hb B P 2 iS5,
N BRIDSA S ANZIEF B AR THEAN TR Y, R OFE RIS U s kit &
DEHDLIFELERDELHIERTREHE SN TS, ZHICE-T, ZRMAZE L2
KEWET D LV I BN D D,
ZOTHBITEMEZ®E U THEATFENRD D, 70 24 FERAHI T+ 2 7O mBERT b
24 BERIAE U D, 1L, I—AT v 04— RB A s Vo RELBTIE Y AT A &=L
LTCAVT T U REITOEE NS 5,

ARUAT AT 20138 & 2014 FDO 2HEM DB NS 53T —F B ANFTHIENTEL, £2
TUBETEHINLDOT =% W= & m7,

CP3

,,,,,,,,,,,,,, AHU (@) : Temperature sensor

— (® : Flow sensor
: Differential pressure sensor

Fig. 2-19 Heat source system in Factory B
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Table 2-6 Equipment specification for Factory B

Name Equipment n:r:tl)ter Specification Power [kW]
TRI1,2 Turbo refrigerator 2 Cooling capacity 1,758 kW 298 (Input)
Chilled water 3.145 m*min | 266 (Output)
15°C—=5°C
Condenser water | 5.925 m3/min
32°C—=37°C
CP1,2 TR Chilled water pump 2 Flow 3.145 m’/min 18.5
Head 200 kPa
CP3 Secondary chilled water 3 Flow 3.145 m’/min 37
pump Head 400 kPa
CDP1,2 | TR Condenser water pump 2 Flow 5.925 m’/min 45
Head 250 kPa
CT1,2 Cooling Tower 2 Flow 5.925 m’/min 7.5%2
Wet bulb temp. 27 °C
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223. EEHKKRBEOFIEIKRE

0134FEOHEZFREHE @A4H (H) »H8AI10H (+) ) OHlEIkAES Fig. 2-20, Fig.
221 IR,

TWRGKIREICE LT, 1 HOFTORMEKBOEN NS -T2 (Fig. 2-20(a)) . Bz
X, B—27KF (8 H 7 H 10:45) |23.23 m¥min THDHDIZK L, &EX 2.33 m*/min TH-
oo THUL, MEEMNTHTHY, KHbEWEBERBET TNDLEDEEB I bND,
F7o, WMAKTERIREZET 8°C 70D 9°C MR STz, BXEHRFOAENEZ IR 7°C, 2
VIR 15°C Thoto7=, “RANTEYICHIE S s B2 b5,

HANRERE TIXR I 2 5BE L, T OMEENTZIER L TH - 7= (Fig. 2-20(b)) .
HEDIZTR2 OFF 8 TR L0 bHBEBE NN KE Do T2, R AT KITAMN & EEEG B
WPRF 572, FHFTA DX IIZCOP BEm L RHAMEBTHEIET HZ LN TERY, £0D
TeOMHEBENHBAMIISU T ETF LTS,

TIREKIR T R & ARG U CHEE NS LT Lz (Fig. 2-20(c)) . 8 A 4
H OB ZRGKTEED /NS < 1 B THEEEN 2 ST,

TR1 OWHEHKR 7L, W —EDREEHEE) Th o7z (Fig. 2-21 (a) . £D—F
T, BHKREREME L L RSN W T —Z T AMIIS U ThH -T2, D7,
IR B ER E I 0 K STV WRTREMEDR & 5

WHEED 7 7 AHEES) L MEAEIC X > THAISNIZBEIZ L D &, FHEFT A O KR
YITDEINTT U BERRBBE LI EFICR ST LE) E Vs AREAITA LT TH RN
Wb hn% (Fig.2-21(b) » £7-, HAEOHEKH DEE G REMB Y ICHE SN Tk
D, MEPSTETICHEE S TN D LI TE 5, vl RUAT AICBT H2WAKE DR
JE DR EMEIFAM IR BRI IS U CTBERREMENRTE SN D, ZDIZOFHERT A D FKR
VIDEIBABEENELTRNEEZLND,
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Fig. 2-20 System behavior in a week in 2013 (Factory B, BEMS data) (1)
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Fig. 2-21 System behavior in a week in 2013 (Factory B, BEMS data) (2)
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224, REAMHEE

AETIET = DATREETH 72 2013 4£ & 2014 40 2 FE MO Ll & a2 A HAL T
DOEMMREE 38T LT,

T A IFAHAKOBENTHAHEZFIA L TWD 79, AVIBERIEEMEWATIIETRIC
%f L CHIE SCOP 28 ESF- L7z (Fig.2-22) » UL, 1 HE 2 AIZBI LT, 2014 4% 2013 48
(2% LC SCOP + COP MK T L7z, @O AHKH DIRE 2013 40D 9°C 75 2014 1%
7°C ~EE STV 720, 2014 D J558 SCOP 1T otz B X bND, WAKDOULE
EENEWIEGES, BRAM ORI E AHU OFENIZ L > TITHIEIC B A2 LIE 3 rIEerEns
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Fig. 2-22 Monthly SCOP for 2 years (Factory B, BEMS data)
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B EVE L SEANVKIRE & Fig. 2-23 12789, 2013 4RITEERT 2014 AR IIHAEVED /N &
VWM T o 72, FRIZ 5,6,7 2BV T, 2014 4E0 7 N EBRIRITE OIS & B & T HERR B
BNNEhoTz, TOZEND, THOBBRILIE 2013 F0 T BIEFTE > T2 vTHEMEDNE 2
5D,
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= 2000 15 §
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mmmm Supplied heat —@— Average ourdoor air temp.

Fig. 2-23 Monthly supplied heat and outdoor air temperature (Factory B, BEMS data)
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Fig. 2-24 Monthly power consumption for 2 years (Factory B, BEMS data)

46



XK BEMS [CHIF-ZHRRARE R T LD
FEAHRM - 2 & REHEICEYT SR

£ T, Fig. 225 (CK R 7 LA OWRE N BEZRT, 2013 4 7 A LA HKR
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Fig. 2-25 Power consumption in pumps and cooling towers (Factory B, BEMS data)
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225, AEMEMS N

Fig. 2-26 |2 2 R IT 2 & MmO EERVE & COP #7/~7, 2013 42 TlX TR1 3%<
BB LT e2s, 2014 E T TR2 O BRE < BE L T\ iz7e®, BUGIZ TR b OfIfHIZ
BRI EEZLND, 201441 AIZ TR1 @ COP 7 TR2 £ 0 Lk~ 7=7-®, TR2
BELEMICEBT AL LIEbDEEZLND,

AR AT DMIAFEOEHHIE COP 8 15 22 2LE N H 5720, WHUKIREBMRWGE
DFR AR DIEF @R ZTEH TE TWD 2 & hbnd,
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Fig. 2-26 TR heat production and COP in 2013 (Factory B, BEMS data)

2013 FRIZZ < BB LTz TR B LT, A - COP - MEIKH HIREDBIfR % Fig.
22727 vy b L7z, 7Zeds, VEREERAR & WEUNC IR T 57201, WK OREEAY 6.95°C LA
I 7.05°C BA'F, AfTHE 10% LoEE R OAL AT Lic, FET A OBEEO 7 7 v K
(Fig. 2-11) ERIUL, WHEIKEOIRED 21°C LI & B E WA I IERE R & 1IFTH
UMEREZ R TE TV DA, WMEVKH DIRENMEL 2513 EAEE Y OMEREITRIE ST
WD o Tz, LAL7R23 5 COP 23 20 M 2 DB & D728, IFFITEm DT RLF—5)
ReATHMBEIZE VR D,
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Fig. 2-27 TR1 performance plot in 2013 (Factory B, BEMS data)
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2.26. Ry TEHMOH
FHIMEREATIZRBWT, WEAKR L T OWBEBNENBRKEL RoTND Z ERbI T,
Z 2 CETHAKKEDOKEMAHEYNCE 2 LTV DL 0E 5T L,

KU AT BIZHIT 2 WHKIEEIL, MEEgATER - SRR IS S REEARE S
N5 (Fig.2-28) , = 2T, AMEK20%LL EOEL IR L TS AR & B EIKR 7
R EMOBA A ERk L7z (Fig. 2-29) .

Wet bulb temperature: 26°C

100 % 1

50 % A

Wet bulb temperature: 4°

Condenser water flow setting

0%

i S ¢

0% 20% 100 %
TR partial load

Fig. 2-28 Condenser water flow setting based on TR partial load and wet bulb temp.

ZDRER, SATDOIGIRIL Fig. 228 ITED DO TH HTs, REMITE Y > 7@ 0 IZRE
ENTWDZ LRS-, TD7=, Fig.2-21(a)bBET 5 L GHIKFR 70k el %
T ofEEhCnianz Enbhnolz,

RN & AR RS TR L TV 7RI & LT, 2013 4 12 H O —EM OHI#ENREE 2 R~
9 (Fig.2-30) o ZOHIH & mAVKREITREMBE TTT 6T, R 7oA o3 — 2 J
MFRET—EER> T\, DT, ZOREEIFTBHIKKR Y 7 A 3= 2 JFEEOT
RIEARESBRESNIZZENRRTELZLEZDND, TEA V=% FIRERE
Rk L,
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Fig. 2-29 Relationship between TR1 partial load and condenser water flow setting (2013)

(Factory B, BEMS data)
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Fig. 2-30 TR1 condenser water pump control in a week in 2013 (Factory B, BEMS data)
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TREWAKAR T (CP3) I3 HEHY, IREKMEICH S TEEHIENR2EN TS, &
BRI T B L B RIS e ZREN 5 2 60, N TF U BRI WIS I TR
mEINTWD (B3 EA2HBH)

Z 2T, ZREKTLE L TR AKR TR O AT XD & B A A E O 2 S
TV AR LT (Fig. 2-31) , FEARMICHEUNC BEUIHIE STV 2%, 200 mYh % 4 %
TWAIZHEDLLT 1 A TEIRINLTWAIEIR RN H o7,

MEARKZIWVZHLEDLLT 1 A TEEINTWEDX, =Ty 40— OHFFT
bHo7o (Fig. 2-32) . 2, SHA3HMNMOSH 6 HETEFERFEIIRLDI2EFH LB, 7
—ANPERTOER>TWDLRHE b H T, TDD, ZOHBOT —ZIXT AT L0
HEHRFRE O OFMIZIE L TV e, BLEEEEE 2 5 &, Rk o G5 HI#EIE I T
TV EHErcE 5,

5 2 O D
:
2
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I
2
O | e —— @
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Supplied chilled water flow [m*/h]

Fig. 2-31 Secondary pumps operating number control in 2013 (Factory B, BEMS data)
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Fig. 2-32 Secondary pumps control in Golden Week in 2013 (Factory B, BEMS data)
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23. T—ANWIZk->TEHEINEFES

FiRo LI, FEECL DT —Z o ORSE, BEOFREERH LN o7z,

FHIT A TIEZRMAKOFHIMERT, mREEORERZLRDFIET, TAKRKR T ORF#EE
AL, BRBEBONEIRTNA LN, FEFT A B L Cidikry /sl deEic LY
FHHMEO RFIXEES N, HEHBEOMERIK TIET 2 — 7 L > ThE I T,

T3 B TIRWEVK AR T DA 8 — 2 I HCT RES RNEY Th o 72, 2013 0 7 A
BHEINZTFRENSLFLHREBSNLZ LT, BHKRESBRIC/>TLESTEEERX
bivd,

IO X H7 BEMS T—F DOtz lL, BRT AT LB 5 AREA I IR DM
BEIK IS, HIEARELERICEL TS Z ERENT, FEEIZED BEMS 7—#
SIFTIZEBN T, BEERELIRO MR T 2 W3 2 72 OIS I SRR 2 BRAE L, BEMS 7 — 4 2>
SUREZ IR T A - OICBERFE 21T O Z LRk b, $IEHAEEZETT 2 7213
ey s OfiEl, AT LARETORY Y Z7@0ICHIE SN 5E ORECIRE & o
TRHEEDOE#BERETHZENROOND I EER LT, ZD72H BEMS 7 — % 73H71C
Ko TRV AT AOREAZHREN - W 2 72 DIZITE LW EIRR & 7 — 2 ot D F 2N
VETH DT, EFIT A= FAREW, KFERORMEHZBROOLE DL, Zbx 3
2lb—varliEEEEsIclvEEbET 2L TH D,

£, TAOWORIERE LT, £57— X 0¥ L THA 4 OB O, HERCHT*T
BLIHT—XEAOHM, HAZEDT7 7 A IVDERD T 7 A N~DZEHRR, KIEMHE - BF
E~DOF IR B ZL OFIARE DN, ZDOL I RET—X OB EHRILTET—H 7
Lo DU, AR TR OGN TH D, LvL, T —F DA L—X72IERIIE AR A
RPN TId DT O5H%DORETH 53],
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24. IME

ARETIE, AFFETHE LT D 2 DD AT LD BEMS 7 — X il o L, £ A
T AOMWEREZFHE L, ECTCWAREAEZHOLMNI LIz, £z, (KD BEMS ko RE
RzafER L, W BEMS O ZRE LT, oz E2milz NIRRT,

Ok 27 NORNERS

10 M7= 2 BEMS 7 — % Z ohr LTt &, FHET A TIRm R EAZ Higs DRAERY
IRPERRAR T o TR ZHIEHER EEA RN AL TND Z RGN E o7,
@I B DOARES

AFARETH o7z 2 D BEMS 7 —Z T LT2fE R, MEKKR T DA 3 —HFH
WA IREORENNEY TH L Z EBHA LN E RS T,

FEIT A, TH B EbICINDORREEMHFDH 2O, BEMS AT 57207 TIEEEL
<, BEMS 7 —% 53 Oiafe THE RIS IS SE D W T PEREFRAE O B IOl = o7
J IS 2 HI R RE OBEN B E TH D Z L 2R LT,

T = A HTIC Ko TEREBEIGEIR SN TV DB 2T MBI Dk 2 e R EG O FEREN
HONERSTEN, T OREEHEY FRNTZGAIZ SCOP 2 E DR E§ 50 %
BEMS 7 —# 3T OHMN B LNCT 5 Z L3 LV, RESIZE - THIENREENZL L
THEY, REEDRIYBRINTGEORBNIREZSLI2IEY I 2 L—r g URRAIR AT
D THD, TD=H, SCOP OVERER EIZ W TIHFE 4 HIZBWTRE L L TURLE (443
ZH) .
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SE Xk

[ HE ¥ Ve—yv T lZBF2" = v g ZEB"Z BIET COHIKOE Y A (55
57 [RI1Z2GGRFN « i TR B EEE 19 BRI - B 710 Y = 2 — 7 VE IRBLUEEE 33
[ AR BE - 45 16 [MMECERBIR M L5 28 MIFERGTAELE 9 M i aE B L O
5516 [RITHEE) - (58 19 [RIZ2 00 - i LR fl B HEE S B EER), 225G - f
AT, F93%, %575, pp.581-584, 2019.

[2]J1S : B8621 /Lo sk, 2019.

[3] Mathew Paul A., Dunn Laurel N., Sohn Michael D., Mercado Andrea, Custudio Claudine,
Walter Travis : Big-data for building energy performance: Lessons from assembling a very large

national database of building energy use, Applied Energy, Vol. 140, pp.85-93, 2015.
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31. AEDOEELEM
311, AMETERT S IalL—arrnssh

28I AT A DOEELZ AT BW T T 2 L— 3 2 (simulation) 7'v 27 Z AW S
NTVWDEN, OS2 L —3 3 > (emulation) & W) FENRH D, T OHENE
EThHhbdIal—1b (simulate) &= = b — L (emulate) DEM% Oxford Advanced
Learner’s Dictionary 9th edition TH[< &, LLTFTD X 9 IZFENNLTND,

simulate

2. ~sth to create particular conditions that exist in real life using computers, models, etc,
usually for study or training purposes
emulate

2. ~sth (computing) (of a computer program, etc.) to work in the same way as another

computer, etc. and perform the same tasks

WHEDOEWIZIZIZER U TH DA, simulate (T2 E2—FZHWTH LR EDIREZIED
H3Z &, emulate 1 IOz Va—F LR CEEEZSEDH T L, L9 BT emulate O
FFRBEROEIAN, 2B, EH AT L0558 T emulator &9 S LIE LIZH
WHIB[1][2]s R AT HAEWVWS YL AT ADET /L% emulator & FEA TWDIRERT
HEEACROBER L ITHRRY, KVFEMRETAVEIZY T XA LTORER &V - 1230k
THOWONLGERH 572 L, WH WG IT RSN TORWONRIURTH D, €
DI, AFFETIIE Y —AI72EE TH 5 simulation Z HNDH Z & &5,

Yialb—varrurI A, arva—27n s I LIBT3 — F—X—XOMH
HERTHREIND, ZDT2D, F7 I OBRM R DG PED T2 DI TR =1 — FT—30 L
HMLER, TOEKT, Yalb—rar7a s T AMIRICEESS L TERS LD
EThbd, 70k, LA Cyber Physical System (CPS) EFEIILD, = B a—& LICZHIGE
REFBT 5 E VI PSRBTV DER[3], ZHUEEEMICHEEIRD bOTIERL,
FHOICKHGE L2707 T AOEBTHD EFITEZTND

PLEX Y, RO BRINAEARE - 2B L b THHZ L 2BETDH L, RWFET
HWbvIalb—yarrul I MILLFOERER-THEND D,

(1) REABm - BWHC T 077 LaiElT 570 OB
- B AOME AR, AR E L b L ITHEE SN, AEZ ANMELEL LTI AT A
AROMRENEHATRETHD Z &
s RHEIN S L DB EMAIAT Z & T, VAT LI L D DYERED AR 3R H ATRE
o &
REGOHERE 2D FREMAPIALZ LT, FEBICLD VAT 2R ATRET
o &
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(2) FOEHIEC 71 2T K EIERT D720 Ok
- REMEDOEFIC LD VAT LEBHOEZFEICHE TR TH H Z &
- HEFEZDO L DERIEFSTH L TURAT LOMREZRERRI & HTZ &R
ARETHDHZ &

Vb ZftE e L § 5 e OITHERE T b, KRR E TV, T L0 3 RO BLE )
S5ETIL - 70 7T LOIEREIT S T2,
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312, BMFEOZERAATLYIaL—YarTAyI LA

VAT LDOFT MBI, — BN E D TFEIZ K 5 T white-box model, grey-box model, black-
box model {2431 5415, White-box model | first principles model & & FEXIL 5 23, MUSAIIC
JEEAY 2 E 7 L 259, White-box model [3XEH T AT MMIBT 50 b D FERDHIN AIHE
LRDIOIIFFITHMTH D0, ET MEOES ERIFFITEW 20, WHEIIFRHENRET
VLTI LT AP &b, T4 grey-box model & FE(XAL 5, Black-box model (3
PR EE ICRE SN D, BSOU AT LOFHEZBEETICT - X OADNOERSNICTE
TN ThHD, T—F IZDIVUIEDINEELD TR TH DD, 7 —F OHPFHSN DOFERZHH T
X727z, black-box model D FHEFHIXRERITH 5,

INETHRAREF AT LAOYI 2 b—rar7al I ARRBINTERER, £<
IXTELRYFEEMCET MEEIT) ZERERMEINTZT 07T A THDH, HEHBEDNE
FCEERICFEMCET MME LT b DIX S THRICHA LRV, ZRLSOH Tl K
[E white |ZUTV Y grey-box model THh 5,

WA ONRFEN 27 v 7 F 5L L TiE HVACSim+X° EnergyPlus, TRNSYS 72 E23%61F Hh
%o HVACSIm+XZE3 > A7 L OEIIFHE AT 9 72 12 K[E National Bureau of Standards (¥,
NIST, National Institute of Standards and Technology) (Z X =T 1980 FEARICBHZ S =7 v 7
TAET, BRHVAT IOV Ialb—ya b LTUEIRBEVHLODOEDSTH H[4].
HVACSImH I BEDOH TR EN T AGHHZHRA L T L S8R TH 5,

EnergyPlus Id 1996 4F1Z US federal agency (2L > C, YEFFEL T2 5D a0/ T A

(DOE-2, BLAST) % & LTRSS =L F = Iab—va T n /I 48ThH
5[5]e WMEWEZR EOMERET VITHREMICE T MER 2SN TWDH—F5 T, FIHTE 5
HRRERTH D,

TRNSYS 13 1975 4F0 HRgAb S e Siutz, 2 AT b EBE M 2 [RIRFICARS 2 & AT
EH70 7T AT, FCKGEFRIHO 2 R—2 FRFEEL TV S[6],

%72, K[E Laurence Berkeley National Laboratory (LBNL) % H1.[2Z Modelica Buildings
Library[7]23 B S VTV 5, HlEHET L RIS AGA D D & 5 e fBIZ > T4 3, Bl
TEIXEEHEEMICH Y, HaZeal R—3RV EBRELLI ELTVWEHEMTH D,

ENOREN 7 1 75 5 E LT BEST X° LECM Y — /L3321 5315, BEST (Building
Energy Simulation Tool) [8]iF 2005 A IZ[E 142 R ORI L 0 BTG F S NBE
LRRBHEPED LN TND T 0T T KWThH D, BIFBANRER 7 7 77 L HASP/ACLD &
ZE AT LI ab— a7 r T 5 HASP/ACSS ZEICHE N2 SN2 b DT, PID
HlE HAEZAENTIB Y HIEHORE S HORBREARETH D25, L0 HIMAZAEN TV S
BUPFHTET, RN T AR EZHWTIREL O TV W), FlERECR 7
B EAREMICHAETE RN E W MEARH 5,

LCEM (Life Cycle Energy Management) Y —/L{ZFKitH Y 7 b ETEMEL, ZEHHT AT A
DEMT RV —HEELZHH I I 2L —2a T30 77 80THH9], ZhbnS
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0 7T MIRGTERE ORISR E BEORECHIE FIEOBRE & Wolo, VAT ARGFHRGEHOE
BB D > 27 MERERIMMi/ SICTEA SN D Z ENBMTH DA, EBRICITFREHEFEOF]
ML EE D, EVAT LIHIBEINEFIEMETH Y, 2RO ZNHNR T 1 7T LA TTR
THERT 2 Z LIIERICRETH 272D, BEfFO 7 v 7T ATIE= X —HEEOMEA
el FEoTLEI EEZOLND,

77, BEHO T R X—EEMEREON EICET HIEE (BEWE R E), TRLX—
OFFAOAECEICRT D1k (B iE) (BT 25 AL 28 44 T /L — FLHE | Z HEHL
L7z VX —{HEMEREORHMEZIT > 2t 2 B E LT, =X —HEMEREHE 7 7
T ANAEENTNS[10], A7 87T AIZR X —HEMEROFBIZIZTEH TH 503,
SeERY 72 R A S O BREHTIEE L Tungny,
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313. AEDOBMEFE

M7 0 7T A &R AH]50%, BESTEST[11]D X 5 2 T 10 75 2 & D Heilg 3 7
EN, 77T LAOHEREENTESINTH > THORIESN TN DA TH D, BAMRHHEITE
BT 7T A TOEL DWEBBIEN 2SN THWD T, WAL AT LAV Ialb—va v
IR BT B,

BJR S AT AOZEENL, ARCHATIRIRE &L W o o A (BERSEME) (oxt L, BHZRofs
PEE BHEOEAERIZL > TRESND, 2070, BEET v 77 22T &L, —
D—OFWYNZET /ML T TR I 2 L— 3 VOBERAEETH 5,

F T, AKETIT311 TR AT AAROESE), RiENSDEA, REAZEEO
B, FoEfIEASOmBH & Do 72 E BENDIS Ul Rk T Lo VN ATRER R Y A T A
Ralb—vaVOEEETENET S, AFIETIHEREI AT AV I ab—va Y E2MA
aA—F 47 EETDH L E L, B, 2—F 4 U ZIZIE MATLAB © m Sif% V-
7%, python = Fortran & W\ > 72 F3ETH RIERICIERT 2 Z L ITWEETH 5,

BB, R AT LY ab—a VOMEIZHT- > T, B (dynamic) E7 /LR
(static) ETNAMNEVIBLUERH D, BINET /MILLTO L 9 ICHBI S 5[12],

We consider as “dynamic” a model where at least one output variable is dependent on the

values of input variables at a time earlier than the time considered

Y (T)

model

X (T)

Static : Y(T) f[X(t)]

Dynamic : Y (T) f X (), X (t-271), ...]

or

Y(T) =t [x (), Y(C-27T), ...]

Fig. 3-1 Static/Dynamic model, cited from [12]
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COBRTIIANRE IR T A2 Iab—varFul I MIBHNEFLTH S, 72
W H1E, FEUEC PLHIEISZSAE N TV T2, BIREZIPART O 258 )3 BLAEREZ D %5 8)
ICHBLERETHLTHD, 2L, Rr7romilie L, miRzl oz vt s
NHHDHTZOETOEBZET VNI TIIR, TO7=8, HEOmPERELZ LB ATHE & W
O B CHEENY (quasi-dynamic) £V ERRTONEYE E bR D,

WHEEOR T EBICET ML T 5 2 & T, EERFOEEZ L IEL < RBATHEIC
HEZEZBND, LnL, AR CIHEIEE TEE LI-Rat2irbRnz &, FIALE
BEMS 7 — % NIEEARMIC 15 DR CH-T-Z 2B E 2, WEOR 713 EfedhfRIC &
SERET V& LT,
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32, BWHBFETIL
3.2.1. AEH

WHS TS AT MCBWCTHAZAET 2R b EEREETHY, HWREINLHD D
FHALRLRE, ZTOZDMEYRTT VLN LETH LN, FERET L EIT S 2Dl
IIBRBICAFTTERWERZLEL L2V, FEREAEALZY LTLE D,

B2 X, FH) G131 LFC o EMEH - 78568 - Bifiss thZh a7 b L, MmKIRE -
WHKIBEZ AN E L CHARNZENT 2 FIEZIERL TS, L LIOET MIA
UL LA - PKBAE:, JEREHRED ) ORFERRARC, 785888 - R OBVEIRE & W\ o 7o
EOWREHERHE NG ENTWD, iz, EHS[14][15][16]iX# /v /) —COP % FE#EL L C
AR COP A3k, FAH COP IZxt L Thx 2B Z2 B8 LB EMREZERT 2 2 & THEE
COP ZHTH LW FEAIR LTS, 2L, BIEAKORE HICE A%
AFTHMERD D, e AR DT 2 — 7 1HIC L DHEEIKTIX, T2 —7 OBYRE
FORTIC K IR 2 (WEIRE & MK PREEDZE) OMAfEE S LTHWLND
GENH LT, MEED X0 MNAWRETEZ1T O B EICE ERRO L O REERET kA
ITHOMERDDL EEZLND,

EDO—FT, BHEO T v 77 5AD—>7Th 5 Energy Plus [17]X°> Modelica Buildings Library
[7]CIEMERERRR (AR —COP fhit) RNAVLN TS, ZOROARIEICENTH IO
PEREdFR A Wb = & & L7z, COP (Coefficient of Performance) 1ZLA F D X S ITEFTR SN 5D,
728, ARFZEIC I D COP 13K v 7o H IS /e K OB E S 25 £ /2 WK COP %
59

Heat prodiction
COP = - Eq. (3-1)
Power consumption

Where COP is the coefficient of performance [-].

PEREHERR (Fig. 3-2) OBME frop, AMFEEPL WAKHOIREE Qo & T 5 &, K Eq.
B2DEHrizkRSND,

COP = fcop (Pl: Tcn,out) Eq. (3-2)

Where is feop() the function that is depicted in Fig. 3-2, Pl is the partial load, and T, ¢ is the

condenser water outlet temperature [°C].
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Fig. 3-2 TR3 (Office A) performance curves

ZoELE, AJME L R DM AVKH DR IIRABTH W AmFEPL, COP, WEIKAMIRE
Tenin» MHVKIREG,IC LD =R NF—NT U 2ANBRE IS (Eq. (3-3))

Tcn,out = me‘out (Pl' COP, Tcn,in' Gcn) Eq. (3-3)

Where fr_ () isthe function that leads the condenser water outlet temperature considering energy
balance of chilled water, condenser water and power consumption, T, ;, is the condenser water inlet

temperature [°C], and G, is the condenser water flow rate [m3/min].

X Eq. (3-2), Eq. G-3)ITHBWTIUREI R Z1T 5 2 & T, MAVKADRE - MAEKGE -
fiEEN 6 COP - MAVKHOREL RN T 52 LN T& 5, 723, Energy Plus | T%.’)LIIFE
%#@@ﬂmﬁﬂﬁﬁ@ﬁX?y7&®ﬁ%ﬂQ%M@MTT%OKO%@k%,Kﬁ%
TH RO G285 Lz,
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3.2.2. ANE

FEIT A ITEPARGEE D, T8 B IS HE R EA S TS, FEITA O
HEHABAEIT T ABRHO P E LTRESATWAS LD TH S0, AE T
WHEEDET W HOW TR T 5, WA ORI 2 XTI TO L 9 Iz I H[18],

. UdA
dQtotar = C_ (hs - ha) Eq. (3-4)
p

Where h; is the enthalpy of saturated air at the wetted-surface temperature [J/kg], h, isthe enthalpy
of air in the free stream [J/kg], ¢, is the specific heat of moist air [J/kg-°C], U is the cooling tower

overall heat transfer coefficient [W/m?-°C], and A is the heat transfer surface area [m?].

72721, RN Eq. G4)IFZER[RARITHBARE L LTHDE D, 77 v ORTEGT S &0
STEREEBNTWD, £72, B 2250 BT ERILE OB T, Eq. G-5)IInEhbH2E
KPR ERIFED LD L LTH D,

Cpe = Ak Eq. (3-5
Cpe_ATWb q-( ')

Where Ah is the enthalpy difference between the air entering and leaving the tower [J/kg], and AT,

is the wet-bulb temperature difference between the air entering and leaving the tower [°C].

KROBIRFUTZER LD BIEFITRKE WD BB ORI E TN T, Rl E
KOBEIZIRD EWVIREEENTWD, Eq. 3-4), Eq.3-5L 0, &M EEOAT
Eq. (3-6), Eq.(3-7)D L 912725,

thotal = UedA(Tw - wa) Eq. (3-6)
Uc.

U, =—=2 Eq. (3-7)
Cp

Where T,,;, is the wet-bulb temperature [°C], and T,, is the temperature of the water [°C].
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A & 22 ZM D= RN F—3TF o AT Eq. (3-8), Eq. 3-9)THIND,
thotal = mwcpwdTw Eq. (3-83)
thotal = mac_pedwa Eq. (3-9)

Where m,, is the mass flow rate of water [kg/s], ¢y, is the specific heat of water [J/kg-°C], and m,

is the mass flow rate of air [kg/s]

IREIZK O BNLRE[] Y 72 0 DB Brrivy, €, DI 22D E Mg Cpq K D b/NSWEET D &,
WHEIE R ®RelT Eq. (3-10)TE I N5,

Twin—T,
e = w,in w,out Eq. (3_10)

Tw,in - wa,in

Where T,,;,, is the inlet water temperature [°C], Ty, oy is the outlet water temperature [°C], and

Typin is the wet-bulb temperature of the inlet air [°C].
UEDORXLY, (ZEEECTHEST 5L, N Eq. G-1)DHBHENEN G LD,

1—exp [—NTU (1 - %)]
£=—— a Eq. (3-11)
1—£ﬂa<[—NTU< —gwﬂ
¢, P ¢

a

Where C,, = My, Cpyw and Co= Mg Cpe
72%, NTUIZ Eq. 3-12)TEREIND,

e

U
NTU = Number of Transfer Units = z Eq. (3-12)

w

PLEXY, BAEAVKHOIREZRD S Z LN TE 50, 25 M MREREE 2 60E LT iux
RN, [WRHARKEL 2D, 200y I 2 b— g » TRIRHEZ1T-> Th
HAHMBREZRE L, 2B, DUORSRMFIXESHDBEKIBEORIAT v 7 L ORZEN
0.01°C LLF & L7=.
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323. FL— KB
MR DK — K7 L — b RBATHER DO BRI Fig. 3-3 D X Y IR EN D, 22T, o8
BIZBET % Eq. (3-13), Eq.(3-14), Eq.(3-15)23EK Y 32,

G,
_> T, —_—
|
v
T, <«
G,
g
dA
Fig. 3-3 Cross counter plate heat exchanger
dQ = K(T, — T.)dA Eq. (3-13)
dQ = _thp,thh Eq (3-14)
dQ = —Gccp AT, Eq. (3-15)

Where dQ is the heat transfer at the minute section [W], dA is the minute section [m?], T}, and T,
are the hotter and cooler water temperature [°C] at dA, G, and G, are the mass flow rate [kg/s] of
the hotter and the cooler water respectively, ¢, and ¢, . are the specific heat at constant pressure
[J/(kg-K)] of the hotter and the cooler water respectively, and dT, and dT, are the temperature
difference [°C] of the hotter and the cooler water at dA.

70k, BVEWRK [W/(m>K)XEEM, KENoBYRERa,, a, [W/(m?*K)]%ZH\T Eq.
(B-16)D X o IcEkIND,

1—1+1 Eq. (3-16
K_ah ac q‘(-)

Where K is the coefficient of overall heat transfer [W/(m?-K)], and a; and a, are heat transfer

coefficient of the hotter and the cooler water respectively [W/(m?-K)].
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72, EiEM, KEMOBMEER,, a3k E > TR SR S[19],

PEPNINTE 0.023
(p”) = Eq. (3-17)

oG/ 2/ (De(L/A)/pu}*?

Where p is the viscosity [kg/(m's)], De = 2ab/(a + b), and a and b is the flow path length and

width respectively [m].

bR EiEE AOIREEZ ANEE, HOREZHNIERERDEIOERTH LT
VAT AV ab—ya VTTHHRRERET L E LT,

7%, HOBEEOFEHIZHW OGN AEBETRKIXELE R, HE (RER R D EEE
OFHIZHND), FEERNLEE/2/8T A —4 L L TEq.G-1DICFEIRINTNDER, Zbd
NI A=ZFIREORABTH 5, IREONFR L LT, ARRE & RREDOYE 22 0t
HBAT v FICBT HIRE T 256, ETHORELAZRE L, 5E L7 HDRE & HERR
DOHARENRE LN T80T 2 KOG RZ1T O BERH D, L, ¥ Iab
—va YHRTIEHBOREEZ1T 5 O Cldie <, BELEN, BE, MEL VoI T A—
2 EFEET 5700 MREIZADREICR L T2°C EZEWIREEZBWTHE LT,
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3.2.4. KEHIE

HHEIT A OBJRS AT JMIEAIN TN L EBWEIL, S om OfENEBR TH D7
W, MNEZTERRAIE —RTTILEIk & 2 EIT HIRGET NV E W TET Vb E T o7
[20] [21], &EMEZ @ S AN 1,200 0FI L, WEAMONE Z 52 RAk, 2 otholEz—
WRoCHrHdgR & LTz,

SERRAICH T DIRET, X, ADIRET,, &I Fmofgy, e, —E4%7-0 o5
SLpZHWWT Eq. G-18)D Lk HickENn 5,

Ty = Tin(1 — e7VULP) Eq. (3-18)

Where T; is the temperature at the mixed layer [°C], Tj, is the inlet temperature [°C], U is the flow

velocity on the vertical direction [m/s], t is the time interval [s], and Lp is the height per one layer

[m].

—IRTCILHISAZ 3 T D IREET 1300 IR L~V DO ELIRIE R By, & SzZ& W T3 Eq.
B-199D X o IcEEN D,

aT a%T oT

o_ ot 4, Eq. (3-19
ot 05,2 Y%z 9. G-19)

Where T is the temperature at the one-dimensional diffusion layer [°C], ¥, is the turbulent diffusion

coefficient [m?/s], and z is the height of the layer [m].

723, 1 AR H72 0 OF S R OETHSEIRE Y b REWGEIT, KPEITHmIC
ML EnD & LTREZIT T,
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325 KRyT
R T FENZE A% 2 TRENOEAZHIET S, £ITLOMRE L THREZ )

HIT 2 Th D, R 7 ORMEIT R — SRR & R — 2 Re o 2
DOFHEHENBHEDLZ LN TE D (Fig. 3-4),

800 1 - 100%
- 80%
600 4
S REPUREEP R
= - o= - 60% 2
_8 . _ \ =)
S 400 - < 2
< - é
s -7 L 40% @
= &
/s
200 A 7
/7 - 20%
/
Vs
Vs
0 & T T T T T 0%
0 0.5 1 1.5 2 2.5 3
Water flow rate [m?/min]
—8— Total head - @& - Efficiency

Fig. 3-4 Pump specification curves

7272 L, Fig.3-4 ORI AR L 7 A N —Z AR B ERE L 100% RO D Th 5, RN
A U= F AR E (0~1) ZINV E L7zRE, SHBRIZINVICREWETE S b [22],
Ui — AR AR BRIZBA L C, 9V E - R L INVORIRIT Eq. (3-20), Eq. (3-21)IZ

"o,

HINV= INVZ'H Eq (3'21)

Where G is the flow rate with pump frequency rate 100% [m*/min], INV is the pump inverter

frequency rate [%], Gy is the flow rate with pump frequency rate INV [m?/min].
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INEERBEORE L EHOBFRX Eq. G-22)C@M5 L, INVE{LEOE D ITRED
KX Eq. 3-23) stk an s,

H= fo(G) Eq. (3-22)
_ Giwy 2
Hivw = fa (W) - INV Eq. (3-23)

Where H is the total heat with pump frequency rate 100% [kPa], f,() is the relationship between
flow rate and total head depicted in Fig. 3-4, and H;yy is the total head with pump frequency rate
INV [kPa].

Vit — SRR D INVIC K > TETE SN D, ERRRF DR KRB Z gy & LIZHE, INV
JEBERDNZAE LTz & & DI N may 13 Bq. 3-24) TR SN 5.

1- Nmax

nmax”w =1- INV1/5 Eq (3'24)

Where 7pq, is the maximum efficiency with pump frequency rate 100% [%], and 1yax,y,, 18 the

maximum efficiency with pump frequency rate INV [%]

I NEERREON R EFEROBRA Eq. G-25ICHEMAT 5 L, INVA{LEEO BRI mED
X Eq. (3-26) LRtk s b,

n= fp(G) Eq. (3-25)
_ GINV) nmaxINV
Ninv = fo ( ) oo Eq. (3-26)

Where f;, ()is the relationship between flow rate and efficiency depicted in Fig. 3-4.
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UbZzHWD &, N7 Pw [WIREHTE 5(Eq. 3-27), 728, KvIal—3
YTCITE—F KT 09 SRE LT,

zg'p'GINV'HINV

Ninv * Nmotor

Pw

Eq. (3-27)

Where g is the gravitational acceleration [m/s?], p is the density of water [kg/m?®], Nmotor 1S the

motor efficiency [%].
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3.26. #
FITESEREZELSEL 2 L CRENENZGIET L, EEFZ0/EE L UiEL
I3 2 TH D, T 2T, (EBEOFBE I T D E & JENHEIOBRE T L LT,
FRMZICB T D ENBERNB—EIT R D K O 2B & & O BRI E A R ERE & TN,
REWRBAEREICY =T R, A a— =% MEERH D (Fig. 3-5), EFEAH
I EZ ZBE L T a— A _—tr MEEOFRPHWLND Z ERZ N T2H[23], LT
TlIA a——% v MO FRICOW TR 5,

100% -

80% A

60% -

Flow rate

40% -

20% A

0%

0% 20% 40% 60% 80% 100%
Valve opening

Equal percentage Linear

Fig. 3-5 Valve inherent flow characteristics

FEFIZBWNT, FAMRICBT DJENEKRE —E & LIZGA ORI AIRE 72t &G [ke/s]D
MG pin & TRMEG o P HLIZEA L P T7 B U T 4 REMIEN H[24],

~

54

Gmax Cvmax
R=——"=_—_""" Eq. (3-28
Gmin Cvmin a ( )

Where R is the range ability, G4, and G, are the maximum and minimum flow rate that can be
controlled, respectively, Cv,,;, and Cv,,, are the flow coefficient with fully closed and open,

respectively.
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K32l — 3T, BEEELE LTROMEAAFTERN-T2720, HWEHRAZIRE
L7z (R=10072 ), F7=, ColdiiiEfREr (flow coefficient F 721X valve coefficient) & FEIE
NHHEDOT, 1 Cvd L X, “one U.S. gallon (3.78 liters) of 60°F (16°C) water that flow through an
opening, such as a valve, during Imin with a 1-psi (0.1-bar) pressure drop” (60°F @ 1 77 & > D
IKISFFDZEEZ 1psi (2> T 1 DRTHND) LERSND25]s CUmin T EPARF O
BIRET, Coma IRV ERFEORERIETH 5,

A A==t MHEIZEW T, EEOFHESIZHT DI &R CviX Eq. (3-29)D &
INIRKEIND, 728, Spaxl TFROLFARHE A BT 5,

S
Cv = Cv,, Rmar ) Eq. (3-29)

Where S isthe valve opening, S, isthe maximum valve opening, Cv is the flow coefficient with

valve opening S.
LR G, FEKN0~1/RTH LG FEIC L 26 21T 2 LN TE 2R (ON-

OFF filffl & 72 %) Z &nnhr5,
F72, UV =THEMEOSEIT Eq. 33000 L o icE SN D,

S
Cv = CvmaxS— Eq. (3-30)

max

LEXY, FHERECYE FOESEKAP, [kPa]DBRIX Eq. B3Ik EREND,

Eq. (3-31)
Where p,, is the density of water [kg/m?®], p is the density of the fluid [kg/m?®], and W is the mass
flow [T/h].

VX o b—3 3 2T Bq. B31)O%iE &K E OBMREMAIALTE, DL EOFREEE

EEATLHILT, LT e T LRERBEESRHEE S L, (RO & R
SENBEREZR RS L,
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2arv7Oys LEE
3.3. KiEZRETIL
3.31. RE/ °3‘/ RAFEOEBER
IKIRIERET IV (3
5o B 2 &

MEFE) ZFEHAICMHS LIRS 21— a VORMO—oThH
TEFIREEIZ 2 D ERE L, R 7T X DINE & B -oRss I
FEIREABT S, ZOWENT AR,

K BJEHE N
= EE'/_‘IEIEQ
DT FrT—=TbhbY, LLTD2 oD —VIIHED,

1T 5 Kirchhoff's circuit laws

. fFEEOHSIZBWT, MATLIEDRTERET S

EOMFIE LY,

N
Sa-

i=1

Eq. (3-32)

Where G; is the flow that inflows into or outflows from one point, and N is the number of branches
that connect to the point

2. EEOAL—TITE

WT, EADREE Ll e ol e &, ZTOENORMT 0 TH
E)o

N
e

i=1

Eq. (3-33)

Where P; is the pressure that is added or dropped within a branch, and N is the number of branches
that constitutes a closed loop

70%5, HEJI#H 51T Darcy—Weisbach Equation (Eq. (3-34)) % 7=, A ifﬁ?ﬁﬁi?ﬁilﬁ‘
D _FRIZHHITHRTHLIN, MENIHEZWEHE TR LIZMETH Y, WrimfEiLrEic
TE{EL7enz

CHREEL, AVIal—aryTIENBEERED | wmﬁé%
DE LT,

v2

Eq. (3-34
5D q. (3-34)

Where Apy is the pressure drop (Pa), A is the Darcy friction factor, p is the density of the fluid
[kg/m3], v is the flow velocity [m/s], D is the hydraulic diameter [m]
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3.32. ETILH

Fig. 3-6 IZHi BT » AFHBICBIT 5T AO6] GERET V) 2d, AeTIVITERE,
R, Hham, BORY V7 OB T HHEMRET LV TH D, T2 TOME LT, B
OB BHER L, JTENRK OB E BT LT\ 5, RS 7 T % L THEAE T L
B L, ZOEJ 1534 % Fig. 3-6 A~ T, Bq.(3-33)& 0, HEARET L Ohhg & &imd
JENI—%T 5, 2F 0, R TTHESNIZES &, Ha-OBE O K E Ofns 012
2% KO RIEENZORICBITDHIETH D, ZOWEIT, B 7R, BB OFET)
BEEMEEZHWCHEETE 5 (Fig.3-7), 728, R ITESOEEE S F I R InE
En, WHOHATFRESICHBRAMEI NS L0 L LT,

MEFHEIIAY I a2 —rva VORCRLFEKHEZET M0 TH D, RONIERE
722 LRIREFHIAHE KT 203, AL THE L LIPS 27 LX)l AHU % —FH
LA L CTERE AT A EET /MET 52 LT, FHREROE R Z A L7z,

VWV AR

Pressure

Fig. 3-6 Basic model for flow balance calculation

Flow Flow
5
] o
& + 8 + 8
~ ~
Flow
Pump characteristic Pressure drop at equipment Pressure drop in pipe
°§ Calculated flow
-8 l
A~ :

Flow
Characteristic of the system

Fig. 3-7 Concept of calculation for the basic model
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3.3.3. #ERFE (ZHE-Za—bUiR)

AWFFENTIT DI ENT o AGFHRITT X T EE AW TR L7z, ks, 55
By = fOUTKR L Tl = F ) A HEFHEIC K VS BRIV N2 FIETH D, 72
720, 2R BBUITE IS HIRA N D U, ETMENFIET D HH % & 52 COGES 24BN
b5, ek, RUTRMERENBRIOADN 1 IATRILTE 5 LT HUIITHNT L g2k
HZENTEDN, EHERIZ2 KA, N7 REZ 2 kL EORRITH D720, — ik
R=a— P AERPREL R D,

Fig. 3-8 \ZBl & ~T, HDHBMy = FOICKI LT, y=0DFFDxERODHZ LT, £
T, HHHIPH (min < x < max) \ZEPFAET D EAGE LT, xh3min& maxDFEEIfE (ave)
DIFDOYyDEf (ave) KD 5D, T Df(ave) B IEDKE, mink avellf%E L72B L, f(ave)NA
DEf, maxZavelZlixE LB T, TNEHEY KT Z LIZ X o> TavelIfiFITE-S< 720,
fave) 3% iE LTINS 27 LIZRRIC D IR LEHRZ& T L, ZORFDave & iT{Llfif &
T2, B, PRSI EN—TITHIT DB KIS LT 05%REDHLE LT,

min
| |
min + max min + max
2 2
y y
y=f)
— |
i
I NI
X 11 X
min :\Xax
l
min + max min + max
2 2

Fig. 3-8 Bisection method
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Za— hAES B L RRRICf(x) = 02T x 2 R T HTFIETH D, T Y72V
Wfix, 2 H Y, Wit Eq. 3-35)Z2 vy, IR L7x%fifs 45,

f(xn)

i1 = Xn = oy Eq. (3-35)
Where x,, is the candidate at the step n, and f() is the function to be solved.

= o — FARTTRIOR T 5 72 OO IR DNE &) 9 FHD 5 5 28, FIEIEDORRE IS
Ko TR (A0l s) ZHELTCLES AR D L, D), ENT v
ZFH RN OFPH 2 IR E TE 2 ikt Lz,
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3.4. HIEETIL
3.4.1. PID il

PID (Proportional-Integral-Differential) il & 1%, i 2= (H AR & % 5 ORI EM & D7)
DOFR/MZJE CTEIET D6 (P) #ifE, 7ty MEBRET L7200/ (D) #8E, Rz
DI AE RO L CRE 2 #9205 (D) BEROHIR S NS 7 4 — RNy ZHilill Th %,
PID F iR OHIERNIE Eq. 3-30)D L HIck S D,

1 e(t
u(t) = Kp (e(t) + Ff e(t)dt + Ty d( )> Eq. (3-36)
1
Where u(t) is the control output, Kp is the proportional gain, T; is the integral time, Tp is the

derivative time, and e() is the error value.

2B AT DT EZ B U7 PLEMEA EIEA STV S, Bl E LT, filx
U EFH NI R/ A APFET D Z &0, IERIEIC I T 2REMENN BRI b D, £
:TVi;v~vayfm%ﬁmLtmﬁ%ﬂ@q@wp%%ﬁﬁﬁﬁﬁVX?A%%%
L7z,

n
1
u, = Kp <en + F,Z eiAT) Eq. (3-37)

i=0
Where u,, is the control output at the time step n, and e; is the error value at the time step i.

ARy ab—a ALEHERRBERS | 2FTh 50, FEEO PLEEOY 7Y o Fik
MIZEMNOBEALH D120, Va2l —a VICADENDHH7 A o &R R I E
BEDOV AT AL TR Z EICHBTOMERS D, VTV TR ERV AT ALY
Ralb—yaretTHI®ELZLI2LD, RVIalb—2a 0o EMHREED
M EIIA%OETH D, LrL, AFETIHE 1 DHEBEOHETHL 7 4 — KXy 7
BN K2R O PR BN RBIFREL 725 & L TG 21T o 72,
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3.4.2. BEUEIE

BURS AT MCBOT, Ko 7B OMEE G HI T AR & > THEE TSNS,
i a 2R 2 REHIEOSE, TES - ERRIEERIME (g12) LA R i A T
L, —ERHEEREIE (g21) LIS - oG a i ciBe 5 (Fig.3-9), Z O E R34
PO LIFITh, R 7 TS 4y, MEOBAIL 15 5L Ui, HIBBIE & BRI
BT ONIEF v v 7L, HERMBEOREEZES TR TH D,

[\S}

/ N\

—_—

Operation number
<

v

221 gl2
Water flow rate

Fig. 3-9 Operation number control
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3.4.3. £

FHEI A OBIRY AT MMIZBMEE A L, KEZEH - BREEAOEERN 2 Sh T b,
22:00 |TFR B AR A BRE L CMEBBEOEIRGH E ARREZRE L, BMIESHENAIZ L
EHATBHTEE AT, FEAT A OBJRY AT MIEASH T HHEKIT 4 6555
N, TNTHEECREBRNNER D, 2078, EEEIC COP Nikbml b X Hra
R & BEDRE SN D,

T4 B ITAMIIG U TAHKE L R FOBREEIENToN 5, WBEKR S FHIES
2QE26HESRENT, T, WA T 2 WHEKH DIREL, SMKIBERIEE+4°C &
75 XOCHHE T 7 USRI S NS, WEIVKIREE DMK T X 5 &m0 72 R S
ZETT 20, SAKIREREEDMEWG S XM EREG EK A DIRED FIRME & 725 X 5 HA)
KASAL RZARRHEE NS,
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35. VRTLETIL

EROBERET L, KIRERET L, HIEHET VE oD T u ST HE LTERITHZ L
TYATF LAREOFBZEHTE L AT LAETF AL LT (Fig. 3-10), A I =21—
TarEFEITTHICHIZY, AJMEIFEEM & T KRECHN IR ERIEE & o 725 R e
DHTHD, ZNHIZHESE, FANCHEINHE T Y v 7 ITHEVREBSRE SN, &
DF%EME A 723 & O Han 6 Bkl PLHEIA FEAT 45, PLHENC K - CTRIE IR
YTA =SB L SRR S X EENORESE N S, T & BVERT - BT O
REICE SRR ENORENSE R IND, ZOHEN 1 pRFE TR IS,
ARIFFRNZ I DIRFINED D, G OEPEIREE, > F V REMESCARMPER T 5720 TH
YTEDT 4 — Ry Il E AL T I ENMETH o, 1 &V D FHRR R
2D %7 4 — Ry il E RHT 572 DI IRAKR L E R TH Y, @Y
rPLEZLND, BB, Pl NI A—F R AT AL —HEE D DIIIEHE R %
R E B SELLERSLTOBHET DL LI, BT T VETRRIENLE XV
HWENZET /MET D2 ENUETHDL ZLICTHETRETH D,
WHBEOBHHEIZB N T, FHEIT A TIXERAGIEOBEESMAAEN D —)7, T B
TIHARITIE CHEN Thons E VI ENIH DD, Wig st o7 a—IIits TEEA
AT ol Ted6, BT EICET 2T /PRI TIX, MmEegs il oy 8EREo
Ty 7D DTIFRLSBET D FEINE bDE LT,
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1 min.

v

Input boundary conditions

(Heat load, sewage temp. / outdoor wet bulb temp.)

v

Control operation number

Input: Flow rate in former time step
Output: Refrigerator and pump operation number

y

Determine set values

Input: Boundary conditions
Output: Temp. and flow rate set values

y

Control pumps and valves

Input: Temp. and flow rate set values, and operation number
Output: Pump inverter frequency and valve opening

Y

Calculate flow balance

Input: Pump inverter frequency and valve opening, and operation number
Output: Flow rate in pipes and equipment

y

Calculate heat

Input: Flow rate, temp. and boundary conditions
Output: Temperature at equipment

Fig. 3-10 System model calculation flow
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3.6. EEHERHGI

FHHT A ORFEEIC CWRB KR & AT R OFHEAER & BEMS 7 — 4 L Db
@%r#(mg3moﬁ%kbtﬁﬁi1 THRD BEMS 7 — 2 DMRAF ST 72,
V3ial—va R EEREOLEEZITo T,

K Iz2lb—ra i BEMS 7—ZICBIT2AMEANET D720, “IRE/KIEN
E—ET 2 DITSRTH DN, Ry FRoMHIED BN &9ME%ME@JB£#
by Iab—rva URERE BEMS T XTI E# E LT\ D, £D), KV Ialb—
Ya a7 ATHIEOBEEREEZ TR TH D L LTH 4 HUBEORF 21T 272,
2k, FEMARE BEMS T R —HT L LT a7 ADFx v VT L—va vk
D T EIEX Lo, AW, EERICBIT VAT LMIAESGEZAL, BEMS 7 —%4
I REAGOEELZIT TNDEVIRHEO D L ICE TSI TWD, a7 7 A% BEMS 7

HHOETEFY VT —a v LR, REMRRICEE S 558) & 1T R 2 28)C

2o TLEI EHRTTEOTH L,

14 A 9
— )
&1 6 E
5 g
B
=
g 8 3 2
:
=
5 T T T T T T 0
8-May 9-May 10-May 11-May 12-May 13-May 14-May 15-May
Supply water temperature Supply water flow
(a) Simulation results
14 1 L 9
— )
£ L6 &
: A d' I d z
s d 5
s ‘ 3 o
- L
e ' ' - '
5 0

8-May 9-May 1 O-May 11 -May 12—May 1 3—May 14-May 15-May
Supply water temperature

(b) BEMS data

Supply water flow

Fig. 3-11 Example of the simulation results in a week
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3.7. IME

ARETIE, NEGHH - 2 hai filEIZIE 2 72 OIS O mEREEZ R T 52 &

ZHWE LT, BJRS AT LD I ab—yar7al T AR L, BimeT L
P BRI C S X, MEHEREENLENEZBE LIMENNT » AFEITHE

Db DL LT, HIENCE L TIIail=> Pl & /20 A 2, SHERFEMFEZ 1 2H &3
5HZ L TRMEDOANGFHEIIKT L7 4 — Ry 7z vlig e Lz,

MENT VAHEIZL ST, N7 A 3—4% (INV) JEEECTHBE & Vo 72 gs O
E S, ) RELEICHEIIRENFHEMICELL, SOICRC 72 b ENT 52
ENTED, ZOORTHEEGHGRIICHAEST 2218 T& 5, —JF, BEST X
LCEM &t W7y ab—rv a7 u s 7 MIENGAER TR W=7 — K
Ny ZHlEZELETMETE T, RUOTHEEED LIEE LSSV, 207
55 4 FLARE O X5 72214 00 18 IR G %z%kﬁéﬁﬁ%ﬁﬁ_kiﬁﬁﬁwk%zaﬂé

T VST BB JEL“Cb\Za ENEETHD, KR TIEES - 6 BB A REA
@ﬁ DT O DRBET = X= 2% AFfT 5 Z LB RERAND—DTH D, TDI

P2l LT WREAI iév%7A*@@%ﬁ%ﬁﬁ?é%%ﬁ%é BEAEARER
mﬁli WS AT LAY I ab—ra VEBET 22 TCZORMITERKTETND &
EZTWS, I21EL, VAT ARKRODEHFZEK T I L— g UEAEET S L0 ) BRI
BRL UL, BUEIZERO Y AT ARRGHHECHSR AR I D LW O REEZ B2 T D,
%VZTA&uﬁliiMI&W ICHREET DHAN D DT, FAT ARKOZET %
RKTET VEEIIIT OO FERBNSHZOREL LTHLETHA 9,

AT D70 7T LTI, BENOKIEGEDEILCHaR OB & &V o o BT
T, B OBERMENEITET MO E Lz, PLHENIZ O X 5 RiEADF
B 572, EYAT DTEH TRERRE PL N7 A—=F ZiRET D &V o T REHli
INLDOENEZBELT-ET VERLELEZ LD,

B, KvIal—var7ual T AIEERT TV - KIRERTT L - HlIETT L 2/

FFBZETURATAETAEZEET LI LV OMED LITHEELI-bDTH D, DD,
AIFFRIC THRG L LIm vV AT AL IR DR DOV AT A ThHoTh, HIRETFNLO/IT
A—BEETL, KFERET VOB HRAEZHEL, TV 2ETH+T52 LT
77 LOERRIZARE CTH D, 72721 7J<TFL@£+:ET/W BWCHRER O A E R ET
LERIF N TS D720, KOESICHENFRALREFRE T 52 LIT5BROBETH
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41. AEDESZLEW
411. BXED FDD L FFEM S

ZEH L AT MR D AELH -2 (FDD) O BB I FimIc T2 B TH Y,
ZDTDE L ORI TE L, — KA, b FDD FEITEMIET L_— 2R
FiE, EREOTTNR—AFE, BET —FRX—AFEDO I NF = 36 OMAE
OEICEEIND[1] [2] [3] & TIETYROZ L7235 BEMS IZBWCRESN =T —#
TG &35, D728, FDD %17 9 BRICIZ BEMS 7 —# BN ELZZ T TS /A X
R DORMENS B ZET HLER B H[4], HUFEDO—> L L TRELEF I
LT =BT LD TNET HENDMN[S] [6] , AFEICBWTT —Z 7 Loy v 7 it
HRINET D,

B ARDOAREA LITRRY, B PREL VSTV FOARERIZV AT LALELTO
FEENDO DRI - BT 5 2 ENREL D, FlZIE, B RREL EERNT D OITIE
—OEFTICEBEO L Y ERET DL ERH LD, BHATLATIEaA N2ET LB
%@ﬁ*@%®@ﬁm%i*&%?i@w Mz T, 28 AT ME PLEIESED 7 — R
Ny ZHIENC LY, 200 o PRRENMELTHL Y AT AlZr AR Ml an s,

BlE LT, %ﬂh/XTA B WMAKHOEE o PREE2REEORIE LTEX
Do ZOWBHEL AT LTI, MEVKHORENREREIC/RD XD, BEEET 7 DRl
BRPIGIH IR D ETDH, ZOBVIREMICKH LT ICELHIELTLE > EHE,
WHEEE 7 7 I AVK ZERE £ THEIT 272012k K 0 & @ ElEREC TRl S i,
7 7 CEVIS T B, %wﬁ%mfﬂ+\ﬁw%épt/ﬁ#%ﬁ%méﬁi%@émt
FERTHOIREREL 0D, ZOLIIT, R AT LIEZD O o YREENRAE LTS
BEOMIXEREREITITHE S e, FHll STV 2D ED O IR E IR Y _ﬁﬁém
TWAHEIICHARD, D7D, B FREOHRMITE LWEETHD, ZnEBiE X T
Bex et U R EGORMTIERSRFT ST D7 [8] [9] LA LZEHY AT AICFRE S
NTWAHET ORI O b ORHEN S % R %Ebtmiﬁ%nﬁw

RIEDIEITBWT, RS (uncertainty) [ZLLFO X HIZERSI LD,

“parameters associated with the result of a measurement, that characterize the dispersion of
the values that could reasonably be attributed to the measurand” [10]

ME OFERITABE L 72, SERICIIER REITH O T bWELHEDIES & %
RS 537 A—% 1 [11]

Wang and Haves [12]IZHIE D NS 2B [ET5H 2 & T, FDD FEO A MEZ T ES
Hio, 7z, I AT KTEET HRE DO RN ST LT, BEErtEDET L, E
AT, BERE EREIC TSR T 203 e STV A[13] [14] [15], LaL, il 2
T LZBT DA S RIS E- 2 5 BB T D EHIWE 2R S Tunany,
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412. DRATLLRILOFEEGHEA

ZERT AT MZBNWT, BT 4 — Ry ZHIBNCHW S D & O=0, JIED I
WHNDEDRH D, ZNEDE L > THESHIAEICIIRENSNEENTEY,
L7eRo TEOREMICE VKIS ND AT LOFE#HC, fHRE L THLNLMEROM
I RHENEREEND, AR CTIIRHENSOREREZE L FICNZTT / Fax—H
(BEEs) L mEHEICBIERL, T ORMEN S ZHFEMICET UET 52 LT, ZEH
VAT Ol AT LI TéT%ﬂé%%ﬁ#é LrL,

iR U722 AT DT T DA ST K BB, BEERER D B e TS OHIE
N—T NRIRHZIEREIZER T 5, 207, MMENSEZBETHIETYVATALLT

OYERERHMm S AIREICZ 72 D B 2 b D,

VAT ALYV DOREARAICIE, XU T~ — 212 X AMWRERHl A KT b, RN T
— 7 &%, HREMO T )L X —HE & RO XU D FER O M & i+ 5 6 DT
HBH[16], Wang H1XaT I v a = 7 ORHDOEME TR F~—7 21T-572[17], L L
ZEPH S AT DT DI R 72 UTERETOA R S E 22 0 é%_«/%V~&/zTA%
WHETDHTDOT — 2 X—R I AREENEENDAREMES & 5, Sun HITAREEHENIZ
D HEHLER % 2T 5 72 91T grey-box model ZFfH L72[18], Wang 5X°> Gao H X AT

LAREROT—2 %R 35 FDD FEZ MR L72[19] [20], 405D FEZN 200K E
BEBRMMBLE T H—HT, FEREDHFHEZDOLDE VAT AL YL TRINT 5 FIETIE
2N, 7 = Ry THINIAFENSIZX L TCar AN N THh DD, ZIREI~#UI 2% s
TELE L THZRAX =R HNZENT D LT HDFICBEZLNLTD, AT AL

IZBIT D RN S EZZBE LEAEGRAOBFHIAERR THL EEXHNLD,
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413. AEQBMEFE

UbaEE X, RETIIL T3 REHE L TRFEIT- 70,

OEYR S AT KT D RHeh S DET VAL

O e X & B8 LT MERE /A O FLH

OPERE AR &2 AW T2 R B AR A

INHOHKOTZDIZ, RETIFEJR S AT LD SCOP (System Coefficient of Performance)
EEMRIG L Uiz, SCOP &%, BYRL AT A0ME L2 BARZHE LB E TR L2 E
TdH 5, SCOP IFEF L AT LDTRXNF—RERTHEIETH LD, FMENSITE-T
EDRRE SCOP 1T B AT 50 EFHHEIZ L > THLMNZT 5, BT A7 A0 SCOP (X
AR RIRIRE & W o T2 R L » THICEBIT 5720, SRS C-BENRMEE S
BT HIVENRNDD, EBEOVAT AT ED L )R AREENREENTWDINRHATH DT
W, ZOHARNRELZ BEMS T —# b5 2 LIXTERY, —F TR e o~
v 7 YN L7232 2 b— g X o TIREERYZ SCOP 2155 Z &N TE 572
W, KEORPTIEIV I a2 b —Y a VAN S ST 2L & LT,

TN EZ2EBE L= SCOP #BHTH -0, Bod T o7 Fax—x - @lEHERIIET
AR S B HERINTET L L, 3RV AT AT I 2 Lb—3 3 VITHBAALTY, 20 &
X, Vial—va s TCIHEEEFHET L LORHEO L &, RN SITEEICNEIND /
A REHBI L TIRE 2T o 72, B FREEZ BT AT AOZFENT EnergyPlus T H A
ARETH HN[21], PHENS & L THERIMICET UELENTZLONEHEY I 2 L—3 3 12
FAAAFENTFNTI R B2, ZZREIE S 2T HMZBNWT, Bt - T 7 Faxz—F - @E
BERIZFE — ORI — 7 OR TR SN 256010 5720, NMENSITHAEENT 513
Thbd, ZOMAERAZREMTELE LA bARTIOFHMETSH 5,

ZLT, FEvThiaiIal—a il RENSICESSEBEN LD ) A4 Xk
2,000 89 5%, RHENSIZED SCOP DOAMMAHEE LTz, ZOHMMICL->T, ML AT
LDIZREEN WS THRENSIZE > TAEL 9 % SCOP DIENEEMIIRIND T2,
AEEWHATISHATRE TH 5, SCOP DA% WA BEGHA 2 ERIICARE L LA b AR
MRETOFHMETH D,

414, HEVATL

KEORG L AT KL, FBFTENL A OBIRS AT LET D, RUAT MIEBR LA
T 57, BFAMED ST L DHEREEADRBOREERE~ DD, EBW 2 A S 20
THB OB AT L LD b REVWEIAESINTTLDTH 5.
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42. FEABRH - BHAX—LA

A TIIAMFRIC TRET DA BAHA - M RO A F— L ZRET D,

REARE - ZHOEZEOHIIY AT AE L TWAREAZHLNITLZETH
L0, ZFOFREREREFEITIEHN T2 2 & TRESZRIZED < Z & EENRH
HTho, TNEBEZXDE, Fig.4-1 ITRIHLDH 3 DDOERE (Detection : #2%1, Diagnosis :
727, Identification : FlE) NMETH DL ELEZ D,

£, ARAGBRIICEL YD VAT DIBT SRR AGOREZO L DA SCOP (2 X v ki
Lo ZZTMMNERLABEEDECTND Z EPNRBINTGE, WICED LX) e RAEEMN
ELTWENZEZET S, ZLTAELTND LB SN AEEDORE (severity, level) %
FETHI & TREAREZBEET L Z LICL A 6N LA ERLATEE T 5,

HLHAHA, BERZEO T m A2 TOT IO AEEZFRET LI ELFELL
TEZLNDN, FEGL L THETEL2FRIIHB U LEDHY, ZNHDNRTA—=FZ 2T
[FEd % 2 S IFHAEDFREEOVER TIFHEN TII R, ZOL®), fRTLAF—LDL
INTNEVARE « 207 - RIEZITO ZEDN@UIThHEEZBND,

ARETIE, FEERIICHND Z LR TE MR MERHT 22 L2 L LTS,
B S EEE 6 HCIIAEGMHE - ZWNCER LICRETEITH, 85 % - 5 6 ECIIAES
Wi EITO Z L CAREAORIMLARETH H720, REAKRm - ML L L L, %
KDVAT LZRRICERT 556, FEERAMICL > TAREAGZAT D LS
AT LB B - 2B AEN T2 2 L 2BEL TS, 2ok, RIFETITZ
Wr < 7z R EA OREIIMESRMN & LT,
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Fig. 4-1 Schematic of uncertainties in the heat source system.
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43. TEEMNSDETIVE

4.1 §lC T, WEDOARMENS ORI ERE R LIZ[10], LHL, ¥YIalb—Talrzx
AW ARRFHIBIT 2 BUR Y AT AORMNS % TRy T Fax—%  BIEHRONRE
RIS EE LM DN/ A Afll] L TEHRTHI L LT

PERDWE DTN S DEFE & ARRFHIBIT 2 Rl S DOER EOENE, BEEOFE
DHETH D, BIEMHFOREIZBNT, BEITRLTHELNRUVMETH L 72D, JIEDA
WD SITEEOFAELZRFREE LIRWRBLLE 2> TW0D, TO—FT, RlENSZHBE LRV
RER LY I 2 b—r a3 LIBWT, HHRZNCET DIECIEE &) o ol & fEDS
JRERRC AN T AL TCRY, BRI D2 ENRRYTHD, TD®D, ZOBEMICAKG
BT D RN EMET 52 LT, FENIEZEE LB AT AO%E) % H H ATHE
BRI, ek, ABEHIRIT 2 AN S (LT, MM S) 138 EICERT 26
DThDHID, REAGLITHLRINLNWZ LITHET AR ERD D,

B AT DZBT D AN S Type 1| 705 Type 3 (B« 77 Fax—4 - dfGEH
) O3FHIINTAHENTED (Fig.4-2), 77 Fax—X LITHIHRTHY, BJR
VAT BBV TUIFRRAER AR U TR A 5T, BEMS I Lo TSN T— %, OF
DE=X D IRT —HRATICRIRATRE R T — XL D O RN SIC L D EEZ T
TR THDLLERRT I ENTE D,

ARFHCBNWT, SN SIXFig 42 12Ty Iab—r a7 al T AMIHAA
el L, RV ab—ra VoM, BEEASENIEETEE ZmFHEH L,
ZORRE LTARMHENSIZ L DMAEREZ B0 B eI T lE R TR L Lo
WD, B, FHENS ZHAALRIOY I 2 L—3 g 70 7T MIRERORER 723
RFEETHY, ZHWEIEDHEARILT 23R T 7rn—F L 2 LR TE D,

fl& U CREAZ BARE & 3 2 RBERIEHAZ 2T 5, HOREICRHENS ZMZ TRLI
TR EESHAME A AV, P ST RMEL H T2, ZORRMEICAREN S 2N
THOLNZHRENEDORE TH L, EOMESCEDO R RS L b &1, JREIIZEDHR
ENRE SN, BEOWMEL S LICHEOIRENFEHIND, £ LT, FRHH O DITIRE DN
DFHAIEN D, ZOWENY I 21— a T I DZAATERY RSN D, 728, BEMS 7
— & L L TR SN DEIE, ZDFHAEICBIEHESR O RN S Z M TMETH 5,

FEEED BEMS T—X &, Va2l —ya B TREMICH T AEE 2XKB4 57
WIZ, RENSEZEB LIV I a2l —va itk THIB &N SCOP %A SCOP
(Monitored SCOP) 45 Z & &35, BT — 213k % 7o RN S OB % G e T,
BEMS 7 — % L REMIZHIRATRE TH D LB b D,
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Control logic

Actator TR Sensor_.
7 X v : i
[ Control signal Measured value H MO(II]EJltt(;red
Type 1 W:pre 3
i i Uncertainty
Type 2
{  True value = ’l\ - True value

Physical calculation

Fig. 4-2 Structure of uncertainties in the heat source system simulation
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ABRFNCEBN T, RN S IR IS < EROARICHE D b D LRE LTz, HEEnksE
\Zi%, 7V A —)VfE (Full Scale, FS) & &i/+HE (Reading, RD) O 2 FEHNSFET D, FS X
FREHHICESE R NS DONRT A =4 (0) BNEx2BND (Eq. (4-1)), RD TIXEAEOHE
KHEIZKT L TR S OER G2 5D (Eq. (4-2),

Xps = Xg +rand X o Eq. (4-1)

Xgp = Xg X (1 +rand X o) Eq. (4-2)

where xps and xpp are the values with the uncertainties, x, is the value without the uncertainty,
rand is arandom number drawn from a standard normal distribution, and ¢ is the standard deviation

of the uncertainty.

B THE L DRMEN S B TT /MET B0, EHEREcZRET I VERH 5, &
Rt ClE, BEEEEN 208725 K 9, Table 4-1 (IR T & ) ICEMARRMEE 5 2 7=,
IREEFHANCRI L C, HAPEFEHBIF (Japanese Industrial Standards, JIS) @ [AREIKHTIA ] [22]
WZBWT ABRDITFERZ e X, Eq.(4-3)TERIND, 2 2 TliE, HIEIREEHEZ 0°CH 5 100C
ELTt=100 &£ L7z, DL X, FFEEelF035 L7257, ZiE 20L& L TAREN S DOFE
HfRAEc R LT,

e = +(0.15 + 0.002 X |¢|) Eq. (4-3)

Where e is tolerant, t is temperature.

FEFIICE L TIE, SCMR23IC TR OO S EF OREEZ 2B U, E/15HI J1S
\ZBT DREEEN B OFFRREZ SR L 7-[24], JEHFHINX IS I2BIT % 1.0 OFRR
EEBRLT2[25],

E, MEORENS ET 7 F a2 — X ORI ST 2 STRB G DR o T, TD
7o, WEDARHENS/NT A—=ZIFEFHIIELED /SN E LT 0.1%, 77 Fax=—X DR
DETFHAEFIREE & LT 1%EIELTH X270, 728, M COP 3R & W fHHETE
TNAEDSDIZHRAEITAEL 9 D0, RGN Z/NSSRE LB e Rl L,

KB AT LDV I 2alb—var7al I MIBNWT, MENrSITE Y, 77 F 22—
&, GRIEHIETENTN 130, 21, 118 ANCHAA £ NIz, MAIAATZARHEN S DOHFITIE
FIECHOC DR WE T ORENS e Y, VAT AEREICERES RIS 0WL0bEF
N5,
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Table 4-1 Uncertainty modelling

Type | Target* Unit FS/RD** | Range | Accuracy c
1 Temp. °C FS 0-100 +0.35 0.175
Flow m3/min RD - 2% 0.01
Power kW RD - +1% 0.005
Pressure kPa FS 0-500 +1% 2.5
2 INV - FS 0-1 +1% 0.005
Valve - FS 0~1 +1% 0.005
3 Temp. °C FS 0-100 +0.1% 0.05
Flow m?/min FS 0-20 +0.1% 0.01
Power kW FS 0-500 +0.1% 0.25
INV - FS 0-1 +0.1% 0.0005
Valve - FS 0-1 +0.1% 0.0005
Pressure kPa FS 0-500 +0.1% 0.25

* Temp.: Temperature, INV: Inverter frequency, Valve: Valve opening
** FS: full scale, RD: reading
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44. THEMNSZEZBEL-HESTOELEFESEA

441, EUTHILAK

ARE TR SIS MR 2RI 272018, U7 hrnERHv b,
BT ANREEE, TR LTV T ERET AT AT XA AR L, M
G222 AT DCBIT DAMN S O R ERET D 1-DIITHITHLEEZ B %
Do ARFTIIEBREBRZASEHFEE L, TP SPMAAENTZY Ialb—va vk
2,000 [A## VK9~ Z & T SCOP DAz Bl Lizc, ZdD& X, R SITFOVRELCIEZ1 b
LW EDIED S &, BRZIE(LT 5D TiER<, F#fTIZBWT Eq. (4-1), Eq. (4-2),
Table 4-1 [IZHEVVEZEHTHZ L L Lz, B, Va2l —a VOANETH HEHAN L
TOKIRE OBEAE L IR UE 2 vz,
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44.2. 2007 FEERFKEICH T HMHERES

Fig. 4-3 12, 2007 4EOEZRFEE (7 A 28 H 22:00 2°5 8 A 4 H 21:59 £T) OAMST
KIREZAEL, FrTAAmEC L EH Lz SCOP Oz R, ZD5AmD 90%
EHXEIL 4.69 05 520, F¥IEIZ4.94 THY, BEMS 7 — & M 54554172 SCOP 14 5.05
Tholo, 2B, FHNIEZZBEBLREWEADOY I 2 b—1 3 255 SCOP X496 TH
ST, TD O%EHEXMICE Y, MHEy AT MMIZ O S TRICE R R AREA T AL
WEHIWTT D Z ERFREL 2o T,

¥, Iab—33 128D SCOP (4.96) &, BEMS 7 —4# 615541 % SCOP (5.05)
IS D50, ERITHE ORZDOFENSAARECTH o7z, AFIEITZ D BEMS 7—#
MHELILD SCOP A3, VAT AMIEKBEREANRR EBRENSIZES>TEL S 20
HEHIE A RBIC o Tt B 2 b D,

Fig. 4-3 OAIZMA T, FTiD#R725 55004 bHE M Lz, Fig 4-4 1%, Fig. 4-3 LAl
CHERENOREIH LA T, BT —% (R TORMNEOFER L LTH LI D3RR
) T, vIab—va VP TEHBENTH D BN BB SCOP BHWV BT
WD, ZOFIIEREPENIATHY, FHHES 4.95 & RENS 2B E LRVE (4.96)
IV LDLTLTELHIMETFTLTWVDZ END, RENSIZE> TV AT AEREILK T
DEMCH D Z LRI NT,

Fig. 4-3 X° Fig.4-4 "B 693005 X 91T, RN ST X - T SCOP 1Em LT 25601 % 2,
G E N T ORENSIC L > TS RED DNEEITNZ, b &b & OflEn
REAL SN TWARVWDZIZ SCOP NH ELZEEZHND,

2%, Fig. 44133 a2 b—va VTR ESNTZEEZ AW EHiTh L2, £2TO
RHEN S DFERTIH 25 BEMS 7 — & LIIARERITHR S 2 X & TIERW [AEDE 2 )7 T,
Fig. 4-4 7> Fig. 4-8 |28V T BEMS 7 — 4 & DI TRV o L Lz,

Fig. 4-51%, FHENIZEBE LRWGEE OFHREERICH L, SCOP DR MIZHW D IHEE
77+ TIRGRAEIRIRE - “RKFERICHEAMIC AN S 2 ME L7285 O SCOP 434i T
%o ZORIITRERART AT LAY I 2 b— g Ua L EIFEITL, TORBEICRHE S
HAL A RENMBET BT THDLZ ENTE DN, 0A[IL Fig. 43 E REENRR DT
W, FEABMIIAENTHDL LB HND,

Fig. 4-6 )5 Fig. 4-8 (I RN SR Y -« T U/ Fax—4 - BEHERORIZENENYS
2T EDONTHD, ZOFTHE, B VORMENS DA% EE L= Fig. 4-6 23 b Fig.
43 Mo T8, BRI DARMEN SRS AT AOVEREICEEE KITT L0 )
BLANOEERAHENS THDHEVZ D, 2B, TXTORENSEHBJE LT Fig. 43 O
90%[FHE X [ 1X 4.69 725 5.20 THo7=DIZx L, Fig. 4-6 O 90%[FHEIX I 4.71 225 5.20
Thote, TDOREWD, T MEEHMIZ TS E VW) BRTE UV ORENSORE T 0 T T
LHAAT 2T TH-> CHREEKM O EIIT o ERANE L EZ NS,

T 7 F a2t —HDORMENSIZE L TIE, SCOP ~D¥BNIEF /NS o7 (Fig. 4-7),
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FBREDOHIZ 2T 5 &, il & EEOBREICARHENSIZ K DTN H -7 & LT, Hilf#H
G (RECTER) 2 HARME & 72 5 X D fERMEAMEE SN D, FER B R KMl £ 72131
BERoleBGEDAH, AEEENERTE RS RD1D, TOREIZL > TSCOP DIEXHHX
DHOTNIELTELDOEEZBNS,

BEERSOARHENSICEL TR, 25250 RENSDOEBNE L RT 7 Faxz—H
2%t LT/ E W2 (Table 4-1 ), SCOP ~DFEL /NI ot E 2 b (Fig 4-
8),
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Fig. 4-3 Monitored SCOP distribution in a week in 2007 derived from uncertainties.
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Fig. 4-4 True SCOP distribution derived from uncertainties.
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Fig. 4-5 SCOP distribution derived by adding uncertainties to the SCOP without uncertainties.
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Fig. 4-6 SCOP distribution considering uncertainties in sensor measurements.
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Fig. 4-7 SCOP distribution considering uncertainties in actuators.
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Fig. 4-8 SCOP distribution considering uncertainties in communication equipment.
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443. 2015 FEERKBIZETHTEEEA

Fig. 4-3 77 HlE, 2007 FEDOEFZNREFHEICEB D CTEKRRAERITIA L NN EIVRER
7o, TR 8 AEARIE L7 2015 0 EARFKIA (8 A 1 H 22:00 725 8 A 8 H 21:59)
BOWTHERO FIETREGHRIEZITo 72,

ZORER, RieH S % B L7z SCOP @ 90%EHIX ML 4.42 725 4.92 Tho7=DiTxt
L, BEMS 7—# b4 54172 SCOP 13 4.18 Th - 7= (Fig.4-9), TD7=, kG AT A
T ENDOERLAEENET TS LHBITE 5, 2B, FAENPIEZZ/ LRV I 2
L—33 28 % SCOP (£ 4.65 Th -7,

2007 £ & 2015 £ TiE, FRREHITHDIZH D O T RHEN S 2B [E L7V SCOP 723 2015
12007 TR LT 031 (6.3%) (K F L7z, MFIZE BICARAZHAEL TV ARNY I 2
L—ya TR SNTETH 5720, Ao FKIRE &V 725 R SRI2 L - T SCOP 28
BleLizbDEBEZLND, ATEE, 2089 ERSEMIZXL D SCOP £z bt L7z
REAGHMPARETHDH EEZXLND,

2007 K LT, 2015 FEDEFIZB N T ED L I R AREANEL TWD DI L=
Bl % Fig. 4-10 (T~ 9, WK EEVHB A Hags (CHEX) OHA OTEE & &N S HEE L 728
fFEZ 2007 4 & 2015 4F & THHR L7, BAHRITEE O b OITZEL L2200, BAHiS:
DIEIIC L DMREIK F 2RI /8T A—& L LT, HEE SN BSHRmEE AWz, T ORE,
2015 FOHEEBSHImFE LR 57272 2007 FEOE L VD b/ <, BUZHEROIREEIME T L T
WD ZEMNRENT, B, ZOREARICE - TE, ArEO R KEEGIRE 2 EK T 57
DI =R TINS5 2 LnEZ 5N 5,

EHEXE & BEMS 7 —Z 0> 5155372 SCOP D=L D Z & C, REANETEY B
NIt OVERER EOWRZHEE T 2 Z LN HEETH D, 55 £ TIT, Fig. 4-9 128 TiE 0.24
(5.7%) 725 0.74 (17.7%) @ SCOP [f] E73, REAZEV RS 2L THOLND LHEETE
%y

U bEoBatk v, #EBTENTV AT ACBIT 2 ERRREAOFEEZBRIMT 2 DICH%)
THDHZENRENT, LML, AFEIEDL ) RAREAENEL TV D0 EEBKCTX
2, ZOREABMNIRELDIE CRRT 5,
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Fig. 4-9
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Fault detection by the monitored SCOP distribution in a representative week in 2015.
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45 FERHICETEI—ER

ARRETIE, PERE AR AR5 7212 2,000 [MIC 72 5 HE 21T - 72, FHHEEO AR &
TEARYHENT 5 2 LIERFIEOHEAMEIC L > THBICHEETH DD, I Atdg
X GHRERED (BT 22U TOBEETo 7,

BEDTZHIZ, 2,000 DFEFER S 100 & 200 T OEBEN LN K D IS T E R L,
Z D 90%[FFIXHE (ENZ 95% 5 & EAZ 5%45) ZH M L7 (Table4-2, Table4-3), Table4-2
6, 4100 Yo TICET D EAL 95% 8 & EAT 5% R O KB & F/IMEDZED & 12 0.09
Tholz, £772, Table 4-3 /5, 45 200 V> FIIE T D EAL 95% 5 D KAE & Fe/IME D
7513 0.05, BT 5% O KAE & e/ IMEDZ21E 0.03 Th o7z, 2,000 o 7 VRO EAT 95%
AR (4.69) & EAL 5% (5.20) (ZxPL, 200 BTV OREEIZENEI 1.1%, 0.6%TH o
7o JIS TED LT DO RIRAEZN DI L b 5% Th D Z & 2B E 2 5 L [26],
200 VU I NVDRBEEIT TN ENERIZT I ENTE D, ZD7H, 2,000 %o 7 idt
TNYA XL LTHID 0% EFEXMEHET DD+ 072 TP A X EEZ DL X
%,

n¥, Yot A X e /NS LT HTDOFEE LT Latin hypercubic sampling 23 f77E 7
527, LU, ARRRFHI CREAA ENTAFEN SILAFE 26912 L5720, (KIRE L TKRE
W TN EETHZERTEIND, 2L, fRE L TELONDHABIELNIRD
AJREMEN & D 726D, Latin hypercubic sampling & N7 5047 OHEE X4 % OfFEHE E 35,
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Table 4-2 Upper 95%, average, and upper 5% points in SCOP values in 100 samples

No. Upper 95% Average Upper 5%
1 4.71 4.95 5.21
2 4.65 491 5.15
3 4.69 4.94 5.19
4 4.67 4.94 5.20
5 4.70 4.95 5.18
6 4.69 4.96 5.21
7 4.71 4.94 5.20
8 4.63 4.92 5.16
9 4.71 4.96 5.24
10 4.72 4.96 5.17
11 4.71 4.95 5.21
12 4.65 491 5.15
13 4.69 4.94 5.19
14 4.67 4.94 5.20
15 4.70 4.95 5.18
16 4.69 4.96 5.21
17 4.71 4.94 5.20
18 4.63 4.92 5.16
19 4.71 4.96 5.24
20 4.72 4.96 5.17

max 4.72 4.96 5.24

min 4.63 491 5.15
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Table 4-3 Upper 95%, average, and upper 5% points in SCOP values in 200 samples

No. Upper 95% Average Upper 5%
1 4.66 4.93 5.19
2 4.69 4.94 5.20
3 4.69 4.96 5.21
4 4.69 4.93 5.18
5 4.71 4.96 5.20
6 4.66 4.93 5.19
7 4.69 4.94 5.20
8 4.69 4.96 5.21
9 4.69 4.93 5.18
10 4.71 4.96 5.20

max 4.71 4.96 5.21

min 4.66 4.93 5.18

109



BA4E THEMNASEZZBELETESRA

46. SEDEE

ARFITIET I 2 b—33 T SCOP iR T DT DTN S - ITEFR LT
D, EHSARITHE D Z LR/ ATDINT A —Z IIMREN G TN D, D ST EHEER T X
N2 TE LWET UGIZIREEZ 5 23, K0t 7 MiZA#OMETH 5,

AT EBNE 247 D LM O AT DR E Lizas, X0 Bl 2T AT
RHENEDRBIT/NEL D EEZLNDTD, FBEEEOEL/NSLS 250 LHES
o, NEHERT D70, T8 B ICAFEAEA LEGE & ATRIORKR & okt 45
BRAT2R&ETHAHH, 2, KN EEDTZZERH Y AT LRI S 28 A L2
DY AT LVERRO DA E RN T 52 L b E LTHET D,

RETIEHIEHRD RN SN AT AT TEBEEZ R L2, VAT ABET LR
e/ X & U CIERREHIF IS 2 RE OB E N O E TR &0 o 7o BRI 72 R > S 3281
BB, FER ORI S & WFR e RN S Z I E I3 A G bE S 2 LT, L —f%
HI7e RN AIRRIC 72 5 B 2 Hivd,

ARBETITE S AT MBI D ARMENSZ U 2 b— 3 VITHBIALTDN, ZER
AT 252 L TUARAT ABRNET 5 RN S OFEHE~OEE LM TH A, AE
TR U7 MERE A 1T, BaldiliE 2177 < & AR ST X o THRED A BT 53560
HDHZELERBELTND, LU, FomslildEMa~ Rl & 725 L )R EMERERZT 5137
THDHTD, FHENSIZEDADEEPFRNCREL 2D ENBESND, TDD,
B il & GO TRFTEIT O 2 & THERERN/G LN D ATREENH 5,
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4.7. IME

AKETIE, BJRT AT LB DOAREN S EZEZR LTV AT AL~V TOREEREIC
B9 2Rt 21TV, Friom R a7,
OREAHE - ZHr A F— L ORE

BR S 27 DIRT HAREEBE - W osiA L LT, £, FEAOREZOLDO%
BEIL, WICEDL I RAEENEL T DINEBZEL, B SN AEEGOREZFET
DL TREADEEDFRELERILT D EERE L, AFETIIZO I bAESORK
moGE4E) M- 2l GESe®) aMatxigl Lz,
QBRY AT JMIET B RN S DET ML

BIE DORMENS[IONCHK L, BYRL AT DB T D RENSEZ Y I ab—v a3 V2B T
ZIET LT OITHEEEICRRT BT onn /A XL LTERL, TNEVAT LAY
T alb—va VITHBAAT,
O e X &5 8 LT MERE A O 5L

FLTHNDEICE D RHENSIZED /A AMEEFEFR LRSI 2 L—3 3 % 2,000
[EEATT 52 LT, RSk BMRESfZ R Lz,

@VERE A & W = AN AR

PEREAIAR 20 B 90%[SHEXE 23Kk, Zhz BEMS 7 —4& L Hille+ 5 2 & T, ERARE
BINVAT KICEHEEN TG 5 A EGHRAZ R L L7z, BEMS 7 —# 54T
HLRIFFICTRT Z & T, KAFERIFEITHLZ LER LT,
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51. AE - REQOERLEM
51.1. BEOTESERM - ZMFE

1.1 12 TIEREADRIICHOWT, 4.1 TIHEAREABRIIER L CTREARK - 2k
(FDD) |ZBd 25 mA R~ 7-, AKEiTIZE DL 972 FDD FER N E THREISh T2
DELIRT %5, FDD FEIE, 4.1 TRl EERET V_—RXFLE, MET —FX—AF
%, EEMETN_—AFEO IFEEICSESNS,

EVERET L _R—=ZAFIEONREH & L TOL— A _R—=AFERET OND, —/L_—2R
FETHE, WHEEOBEIRILE Wole REGZ x5 & Lo, FMZMmic L g
7z AHU ORHlFEA R STV A [1][2][3]. RS ENL CIXERSLEICE > T — L %
MET 25 ZENAMRETH Y, AHU W ool —@MIcE L < EASND L 9 piasic—
NR—=ZFEFEL TWDEEZBND, TDO—FT, L= N_"—=ZAPEF Y AT LEET
FHEERZZT DL bt PR EMARE Vo REEE R - BT 2 Z E 03 8EL
U, FIRFAZE LT D EIRSAEICH L, THODREANTY AT L8 %2 E0 X )8 b sd
HOERNCRHER T2 Z S IFFE ey R 2 b — a VAR L TIEARARISEWEZD THh D, F
7o, =R ZAFETITEU NGO 2 BT 2356030 5, £ D56 13 B KD
ENAREE) TH D Z LITRAARETH - ThH, ZORKEPEIRICH 2D AT AOMD
DD DONBWTE RN, MA T, VAT LT EIHEDL—/L RS 572012135
KRB HEETDHEVWIREL D D,

WET —FX—=2AFEORKRA L LT, BEHRMAET OIS, Yanetal /X AHU IZBIL
THEANCAREAET X EARBEENRWT — 22 HET 52 & TRERIEZ /HE & L[4],
Beghi et al. |3 R IC B U CRE 4 2Bl — R CORFERMERLTWDH[5], 2Dk H7pk
WRRENE, BB BE D72 O RHE CITON 72, £ b BRENREIR TV
MR 6720, 20720, KFEOBEAIEATE L UCHEEMe T — 2 50 X 2 FIEEORE
BB - BEIBAMEE SN D,

ERIET NAN—AFiES LUL, BFE OFARRT o, Y R— 7 Z—v
VR=Za—TINRy NI =0, TUFLTF VA RNEVSEFERTTICEHINL TN
[61[7][8]e ZALD DFIEDMEREZRIE DT 2 FRE, BT E FIEZ DL DOOMEREIZMNZ,
FHATHT =2 OENETOND, T—F OENEN & @O MERE O TE Fik2 v
ELTH, @MUk s Z ST LW ThH S,
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512. AE - REDOEM

VL EEBE 2, 2550 AT AORBEARIH - W3 v &2 Elekx e REA OB
AEETH Y, FIEMEDOTZ DD NCEDH NN NENWZ ENEETHL EEZOND, £ 2
TI— N E ANPRET HHLEDRN, EENETNVR—AFEEZHANLZ L Lz, ZOH
TUT3RAZHB - FEE L THREEITo 7,

DEOENARET =2 2T 5 Z &

@BEMS 7 —# Zxt5: L LC, EOREAENET TV EI0BHiiEET5Z &
QELWHERE T L, KRFEOFEIEEZRT Z &
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513. BEARAH#Za1—F )Ry bT—9 ZRHIV-FDD X¥—L

ARETIRETHTIEIL, FDD Z208MEE LTS boTh Db, EEMET L_—ZTF
HE LT, BRiIABL=a—T /)Ly kU —7 (Convolutional Neural Networks, CNNs) % F|H
3%, CNNs [TEEEFICHNOND FET, ®WilkBlie 1263 %, 2T, CNNsIZR
BAET — 2 OR¥ %58 S8, BEMS 7 — I EOFHEDO R EAE ORMNE £ sk
%% (Fig. 5-1),

CNNs ([ZFE SHLAEET — 2 TlE, REEOREOE W AREERHLGED VAT A
ZFHNEH SN T DHERDHD, Y Ial—raraH0WDHZ LT, ZitFpCEES N
WY DOV AT LFEENINZ, KRx RAEGRMEEZG AR E L TOV AT AEE 2 H T
THZENARETHDH, AFETIE, BEMS 7 — X 2587 —x L L CHAT 2 FIEIFR 572
2ol BEMS 77— OHIZIZ ED L S R ARBANEENTWANRHATH LT, 7—4
X2 7Y T AEPIERICRETH WV EDORWT — X X — 2O BLER) Tl e
Wiz Th D,

PIal—yaryTERLERBEAT —ZI2T7 UL (REAER) 215 L-bDa RE
AT —HRX—RL L, TNECNNsIZH25Z T, EOXIBRAREAEVELTHEICVA
T LEENED X D B EFFODD ) CNNs IC Xk » THREEN D,

Z LT, ¥EEHCNNs I BEMS T—# % 5.2%5Z & T, BEMS T—4# R EDREAET
—Z WSS,

AFETEAERICLD VAT LEEZF AR I 2L —va URRETHY, £
DOREFIZHNEET D, LL, FERICY R 2 b— 3 VORBERRIIEITT L OE
<° Building Information Modelling (BIM) D3 L W\ =B THAOMNER SN D Z & 2 AR
RTIHEEL TV D, ZOHE, T —FICBNL RESOREOFE S, BEMS 7—% D2
WriX CNNs IZL > THEICIThiL D72, HERFINTZH LICWAESEOL&EEEZ T I 2
L—2a NZBERX DB THD EHELTVWD,

Simulation result
- =
Diagnose — ! A ! /\!

CNNs Learn

Fig. 5-1 Schematic of uncertainties in the heat source system.
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514, RMRVAT L

ATETERGE L AT 2T, FHFTEV A L THB OW S /%Ry AT AT 5, Lk,
VAT LRRIp D EECDAERAEVENT D, TIT, FHITAICTA4REHORAESZA
ELTEBRTZITY, LB TlEi W 2 ORERZS L Lchil 21T o7,
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52. REET—FR—XDERK
521. BHAA

FHEAT A TlE, REANRWVIREE (FO) 12Nz, 21.07 =258 % b &I 4 FEO R
B &BE L7z (Table 5-1), KFHMIARICESEER L2V I 2 b—r g VITAREGOSRME
52252 L CAREAT — 2 2ER LTz, Bl 203, Busiigs OVEREIS F ISR 2 £4 8
T A=K ThLEHEE L T D L Vo TAREGIREE R LT,

D DFREERICT N (FODHF4) 252562 & CREAET—4_X—2 L LT, Fl
MD FALL, BAERNEAEORL L THEMMA GRS E bEtR AT o 12,

Table 5-1 Assumed faults for Office A

Label Fault target Mainly related equipment Conditions given to the simulation

FO No faults - Performance and controls based on specifications.

Due to condenser fouling, the pressure loss of condenser|

Fl Performance of chillers | TR1, TR2, TR3, TR4 increases by 50% and efficiency deteriorates by 10%.

F2 Sewage pump set value NP The approach temperature is set to 1.0 °C from 2.0 °C.

F3 |Heat exchanger efficiency CHEX Heat exchange area becomes 50%.

Fa Sensor offset for outlet | Temperature sensor at |The sensor measures the value lower than the true value
temperature outlet of CHEX by 1.0 °C.
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RELAT—ZX 2014 D7 A0d 9 Ao 122 BREIOFEAR, FAEREZADLE LTI
2alb—ya ARV EHLE, 7o, 2014 FOFEK O BEMS 7 — % 2 Wikt 4 & Lz,

FatEAE RO SR I3 T 2 kfagha, HEFE )&, SCOP, FO Z%f7 % SCOP £tk
% Table 5-2 1T Y, TRTOHEICENTIEAEITIZE B L TWeiew, Ashic
ARHIAEAICO DL TRBEINT-EE 2 b5, FEAIFEARIZ SCOP Z{L T =+
HHDEBEL TR, F4IFHEXTZAEERIZL > TSCOP 23 L L7z, LL72RA5 F4
I SN DWKIREZFER E LT EA S, ZRMAEREL RTINS 5720
AR CIEIARG AT LT,

7B, EAREET —FICBE L THEALTFO & 21k -7 B4 impacted days & L TH
UV hLIERER, ETOHAEBVWTHERETH S 122 Tho7270, HEREAIIME 1O
WBEMAVAT LEENIEX T EEZBND,

Table 5-2 Impact of faults on energy performance of Office A

Label Supplied heat Power consumption SCOP SCOP Impacted

[GJ] [MWh] ratio [%] days
FO 24338 1394 4.85 - -

Fl1 24338 1535 4.40 -9.18 122
F2 24338 1441 4.69 -3.22 122
F3 24338 1436 4.71 -2.88 122
F4 24338 1360 4.97 2.48 122
F1+F2 24338 1579 4.28 -11.69 122
F1+F3 24338 1581 4.28 -11.81 122
F1+F4 24338 1499 4.51 -7.01 122
F2+F3 24338 1498 4.51 -6.95 122
F2+F4 24338 1399 4.83 -0.33 122
F3+F4 24338 1395 4.85 -0.08 122
F1+F2+F3 24338 1639 4.12 -14.95 122
F1+F2+F4 24338 1535 4.40 -9.19 122
F1+F3+F4 24338 1536 4.40 -9.25 122
F2+F3+F4 24338 1443 4.68 -3.42 122
F1+F2+F3+F4 24338 1581 4.27 -11.84 122
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F1 75 FA MR AT AZEENCH 2 2 BOF E LT, F1 TIXHEHE (TR2) WHEES), F2
TILFARRNT (SP) WHEFET), F3 TIEMAK—KAR 7 (CP5), F4 TIIEE~ v ¥ kil
FEIZDWT FO & D% Fig. 5-2 12T,

Fl TIEMBHED COP WME T T 2582 52T D72, MROFERTIEH 2 B3 HEEN
23 FO (Zxf LCTHEAN L7 (Fig. 5-2(a)),

F2 TIL TRR  THIENC R 23 EMEAEE Sz, AR V713 TR iR (SHEX)
BT AR DIREZ 27205 BRI S bh, 20 b &, B fgzOtEk F Tl
TR PHEEE ISR U CAHKH DR IE 2°C @MVWMETH 5208, BEMALEL LT 1°C O&4
BVMRE L 722 KO ICHIET 52 L & LT, ZO/E, FRERKRIL CHHAKEHRE
EE TImAITE T, WEENDRKNIE L 2225280 bz (Fig. 5-2(b))

F3 CIIHE R KBS DA FE & I S, BRHR R AR T S, £ OfER,
FO L AEOBZE AT B 72D — RO EEZ M S ELIHERH Y, HAK—KE 7D
HEBHNEM LT (Fig. 5-2(c)),

F4 Tl3mKEEZ#igs (CHEX) O WA MR & 2 S EAEIC R L C 1°C & < FHE
D EWIREAEME S 2T, WK —IRA T IIEAS AR O TR R E A2 2R L Clal
RESHIE S D, T0w, A NEEOFAEIREM THD 7°C L7d L5l
WMIns, 2ok, ZPMAIMPEEOEMITEREMEIZE LT 1°C @V 8°C L7257,
— R DOHEHNCEST BB T 5, 2070, R FOEEE 3 EAD L SCOP &b |k
L7c, L, FEBRICHIE SN DIRETH H1FE &~ v XX Fig. 5-2(d)Imasid L o1z
FOIZR LT ICIEE EHLTEY, ZHUTRERLE LT RANCERELZ RITL S 5, b,
ARF T RO ZEFTHESCENE T ML L TR N2 Z OEREITER{LTE 20,
ZDHELZME BEDIAREET — I HBEIILHORETH 5,

PLEDGHTING, REAT — X 3RERHICEE INTZE Y OFEMEENE LN, REAICK
BV AT NEEOELAEEN R ST 2 L DS HERR S vz,
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E 600 -
= 400 A
B
£ 200 -
(=W
0 T T T )
0:00 6:00 12:00 18:00 0:00
FO —F1
(a) TR2 power
200 A
= 150 A
24,
5 100 -
z
£ 50 -
0 T T T )
0:00 6:00 12:00 18:00 0:00
FO —F2
(b) NP power
30
5 20
B
Z 10
(=¥
0 - T T T ]
0:00 6:00 12:00 18:00 0:00
FO F3
(c) SCP4 power
g'j' 11 A
I
g 71
(5]
£ 5
o
= 3 | . . |
0:00 6:00 12:00 18:00 0:00

FO —F4

(d) Supply chiller water temperature

Fig. 5-2 Influence of faults in system behavior (Office A)
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522. Ii5B

T4 B T, FEGMNZRVIREE (FO) (21x, STER9] [10]H BB I MR R -OmilE o o2
v 7 NBAREL 9 D NEA LR OMERIKT, REMEAS, o PRZEOBLENG 39 filE
(F1-F39) Zx%{g:& L7z (Table5-3), ZHHOFHEMBRIZT L (FO-F39) #5276 0
EARBET—FN—R L LT, 7k, AEIAFTEZ BEMS 7—4# 728 2013 & 2014 D
2ERTH -T2, 2013 0 BEMS T — X AR LI ADME (BVATR, FMURIEE)
EHWTRELST —Z _N—2%&ER L, 2014 4£00 BEMS 7 —4 % FDD 054 & L7-,

FT, TNENO/FZ— 2T SCOP X° FO 23t 228 k3, FOloxf L TEENLE L LA
BHHEH L7z (Table 5-4),

FO 75 F39 I22oW T, FEMOMAEEEITIZIE B L T\ iz7od AN S - BVA T e
ENLEBEZOND, REAIZE - TSCOP RH LT 555035 50, et Of
A CIR 72 W ATREME N B 2 5D (F16, F20, F24 %), F7-, mKMHEIEENZ(L L
T WA~ % AT v RetE (F4, F22 %) b5, REGT — X /BT 2 Al il 2
(b L TR Z ENHMBTH L0, AW IR AR E SO HlIEREL REED
RUREBL B Ze 32l L, ZNOHEARBRGLLTHRM - T2 2B LT 5,

VAT DN EE RIF LI BRI OWT, b E D & 2013 4D BEMS 7 — Z 3 REM
SHYH-ST-T120, :KT360 & Liz, BELIZARAESRMNEZY I 2 —va b izl
LIHOLTREMIFELR2NLDOLH -7 (F8, F12, F29), Bz F8 TidbE b &
BRI KR > 7 CPLIXIFIERIEEEL 50%LL BT L T2, FRRIEAIER LY HIKL
RESINTH VAT LB EL X RroTcBEZBND,

AEAFBEIC L 2M6m & LTE, BARICEAT O ARES LY &, MEAKIZERT 2 1E460
7773 SCOP ~D AR K X 1> o 7o, Iy HIZKIREE 135 i COP IZ EHERIMR T 2720 Th 523,
ARIZELZMITE T ML S TRz, WAKIZET 2 REERHHEKICET 5 REEIC
%f LGl N S LTV B ATREME DN B B,
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Table 5-3 Assumed faults for Factory B

Label Fault target Mainly Related Equipment Conditions given to the simulation
FO No faults - Performance and controls based on specifications.
Fl1 TR TR1,TR2 Pressure loss at condenser increases by 15% and COP
F2 CT CT1,CT2 Heat exchange efficiency decreases by 10%.
F3 Piping Piping for CP3~5 Pressure loss increases by 20%.
F4 TR operating number TR1,TR2 Only TR1 is always operated.
F5 Both TR1 and TR2 are always operated.
Fé CPl Lower limit which is originally 50% is set to 90%.
F7 Lower limit of chilled CP2
3 water pump frequency CPl
Lower limit which is originally 50% is set to 10%.
F9 CP2
F10 . CWPI Lower limit which is originally 45% is set to 90%.
Lower limit of
Fl1 CWP2
condenser water pump
fi
Fi2 requency CWPI Lower limit which is originally 45% is set to 10%.
F13 CWP2
Fl4 CPl Set value increases by 0.1 m*/min.
F15 Set value for chilled CP2
water flow control
F16 Ccpl Set value decreases by 0.1 m*/min.
F17 CP2
Fi8 CWPI Set value increases by 0.1 m*/min.
F19 Set value for condenser CwWP2
water flow control
F20 CWPI Set value decreases by 0.1 m*/min.
F21 CWP2
F22 izt;aéietlgrt:;f zggfri TRI Set value increases by 2.0 °C.
F23 P TR2
Set value for CT . o
F24 condenser water outlet CT1.CT2 Set value increases by 1.0 °C.
F25 temperature Set value decreases by 1.0 °C.
F26 CWPI Valve opening increases by 10%.
F27 Bypass valve control for CwpP2
condenser water
F28 CWPI Valve opening decreases by 10%.
F29 CWP2
F30 CPl The sensor measures the value higher by 0.1m’/min.
F31 Sensor offset for chilled CP2
water flow
F32 CPl The sensor measures the value lower by 0.1m*min.
F33 CP2
F34 CWPI The sensor measures the value higher by 0.1m*/min.
F35 Sensor offset for CwpP2
condenser water flow
F36 CWPI The sensor measures the value lower by 0.1m*min.
F37 CWP2
Sensor offset for . o
F38 condenser water outlet CT1.CT2 The sensor measures the value higher by 1.0 °C.
F39 temperature The sensor measures the value lower by 1.0 °C.
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Table 5-4 Impact of faults on energy performance of Factory B

Label Supplied heat [GJ] Power[iz){l;lﬁgnption SCOP SCO[;] ]r atio Impacted days
FO 26590 991 7.46 - -
Fl1 26590 1079 6.84 -8.20 360
F2 26590 1000 7.39 -0.94 291
F3 26590 992 7.44 -0.18 359
F4 26590 943 7.83 5.03 94
FS 26590 1162 6.36 -14.73 315
F6 26590 1050 7.03 -5.69 360
F7 26590 1006 7.34 -1.54 90
F8 26590 991 7.46 0.00 8
F9 26590 989 747 0.14 33

F10 26590 1144 6.46 -13.39 360
Fl11 26590 1019 7.25 -2.82 89
F12 26590 991 7.46 0.00 3

F13 26590 990 7.46 0.09 34
F14 26590 995 7.42 -0.45 360
F15 26590 991 7.45 -0.06 87
Fl16 26590 988 7.48 0.28 360
F17 26590 990 7.46 0.03 81

F18 26590 1000 7.39 -0.90 359
F19 26590 1109 6.66 -10.70 360
F20 26590 983 7.52 0.82 359
F21 26590 988 747 0.24 88

F22 26590 934 791 6.08 360
F23 26590 991 7.46 -0.01 85

F24 26590 978 7.56 1.33 360
F25 26590 1122 6.58 -11.70 359
F26 26590 1020 7.24 -42.95 360
F27 26590 988 747 -43.02 360
F28 26590 991 7.45 -0.03 188
F29 26590 991 7.46 0.00 0

F30 26590 996 7.41 -0.58 360
F31 26590 998 7.40 -0.80 345
F32 26590 988 7.48 0.29 359
F33 26590 989 747 0.15 92

F34 26590 983 7.52 0.82 359
F35 26590 988 747 0.24 88

F36 26590 1000 7.39 -0.90 359
F37 26590 993 7.44 -0.24 87

F38 26590 1106 6.68 -10.45 359
F39 26590 970 7.62 2.14 357
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53. T—AHEINE
53.1. EHt

ER LIe RBEGT — 2 _X—2% CNNs D32 L FHAEET D 7201, BB 21T > 72,
BARMICIL, ETHEBER A OREET —H _X— 22D\, YJILE’?QYm}E&b\Of:%IEE@
@ﬁ%Eq@DC%oTOMLIUT@ﬁT’W@Lkoi®$%iﬁﬁmmmmmmm)
EBIEEND, ZORORKIE « B/MEIIREET — 4 _R— 2 2RIZBIT 2R T,

x — min(x)

Xnormalized,A = max(x) — min(x) Eq. (5-1)

Where X,ormatizea 1S the normalized array, x is the array before normalization, min(x)is the

minimum value in x, and max(x) is the maximum value in X.

72720, I8 B ICBEAL CIREAFEENZ < AEGORHEE L EHER T 720 Ol
DB I LT, 22 CTHFENFEZEODHT-OIT, FI-F39 IZBWTF0 & DEZRY %
OEZEFE LT (Eq. (5-2), 728, T3 B IZHT DRTMLHEO TIRNFE - BEERIC K
T B ONTIL 62310 TEREITH T2,

x — x9 — min(x — xq)

. _ Eq. (5-2
Xnormalized,B max(x — xg) — min(x — xg) q. (5-2)

Where X0rmatizea,p 15 the normalized array, x is the array before normalization (F1~F39), xq is

the array before normalization (F0), min(x — xg) is the minimum value in x—x,, and

max(x — xp) is the maximum value in x — x;.
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5.3.2. HEf&it

ER b S EE FV, 1 B o7 —2 &t IR, S5 I ECIRE & Wo 72
HE L7 1 BOEBI W?ﬁ& LTCI#%E CNNs (2525628t LTz, REBICBITLIHEAE
BT — & OEfg % Fig. 5-3, Fig.5-4 (-7, BT A7 A3 1 HEZR/DOEH & L CEIRS
N0, REEEZ VAT ANEHETL5E81L 1 BEM TR OORENEERIND LHE
L7e7edTh D, FEHONENNDTDIIARBET — 4% 15 T —XIZEBR L2129
MEF ML 96 B 7 v, BFMICITFHEIT AR 120 870, T BIL4R wzwfa@
STz, BT BB E Y - REEEICCRET A%, AT —FXILRGB O 3 FEEO
2QWILT — X BEH T HDERITATHNE 72 0, ARF CIHIER LI TR ONZT =2 D 0 % H
B, 1 ZRAL L TEOME I L—Ar— L TEREATHZ LET2RTOHRERZHA VD Z
e L7,

%72, BEMS ¥ —4# & Eq. (5-1), Eq. (5-2)ZB DKMl « /Ml Z AW CIEFIE L, [F
BRI L 72D BIZF B E A CNN IS H- 2 7o, 20720, AFETIE 1 BIC 1 [RIFESTATHE
Thd, APFTHETALRESIE, AT L2021 L THERD BAS TE#H L L TR
D HDTIFRL, ZRAF =R A OHEN R L KT L, EREICRE I 4 2
THHLDOTHD, DI, 1 HIZ1[EET2 FDD OBEITHEUITHD B2 HiLd,

WEAEIC T2, BT IR FEICEE 2 7V — 7L L CRLE LTz, 7 v % ACELE T
X0 VAT LEHOREEFE LT RDEMELZZOTH D, LnL, wERE
H ONEFECELEIZBE L CIIRFT O RN S 57205 % OFEE T 5,
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Fig. 5-3 Imaged faulty behavior data for Office A
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54, B#AH=—21—F )Ly kT—% (CNNs)

541, BB =—1—F LRy kT—H

Fig. 5-5 I2R &SN D L) REEDOGHINe =2 —F 0 F v N T—271%, 1958 FEI-RE S
o=t 7 hue U [lE WIS EZEILLIZb DT, ZE A~ trrE HIEERS,
HBIIARHEE L TBY, ANEICK L TEAMRED 5 2 61, HAOBRITIEMALREE 5 2
bivd,

activation
function

Fig. 5-5 An example of multilayer perceptron

LRI =2 — T 2y b= OV LR BT, RENRLDIZY 7
F~ w7 ZABEENETS5ND (Eq. (5-3). Y7 b~y 7 AT n BORLD 7 T ATk
TOMRNAERBT HEMTHY, DEBMANDLND, T2, MOTFEMEEEKE LTE
BULARIEZBIEL (rectified linear unit, ReLU) & HELE XN 2455435 5[12] [13] [14],

exp(z;)

softmax(z); = m

Eq. (5-3)

Where z: Output of the linear layer. Unnormalized log probabilities.
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542 BHAHZ1—TIRY T—U OFEH

BRI =2 —T )R N U —7 (Convolutional Neural Networks, CNNs) 13312 Hi{4 85%
WCHOWBEND FIETH D, MORUREEZ S LICET MRSy U —27 OGN
L7 o TEV[15], FEICREVEREEZHWEET L) LeCun IZX > THE I
[16], CNNs OFITEHAI L T —V T 21T I RIZH D,

BHRIAIRENE, =RV EMIND RN T A =2 DL IRILES %, N1 THDHT —X DEIR
TERCHNTRE LT Fig. 5-6 D & 9 ITAT S W ZHET, W —RNVND/RT A —Z [ TFE P T
ONTEMT D, BHRHNR=2—T ARy P =7 TE ey 77U MEO LRIIFET
Db DDIERNIANT R TEREET HRTA—FNLETHD, UK L TEAIAL
RLPRIE, B DOERIRIIR N E — U HERITK L TS WA XD — R L THEEARETH
L1280, FEIRLIND,

Input

Kernel
h c

| w T
‘ bj I g h
T, y z
i J k {
v Output
-
aw + bxr + bw + ecx + cw + dxr +
ey + [z fy + g2 gy + hz
ew + fr + Jw + gr + gw + hr +
iy + 2 jy  +  kz ky + Iz

Fig. 5-6 An example of 2-D convolution, cited from [17].
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T=V 7l bOGEFITTOMERLOMENSERN L THNT 52 & 2T, Bk
KEEHETDHRRKT—V 7 (max pooling) D% Fig. 5-7 {Z/~9, Fig. 5-7 ® LXKz
BIFH M (0.1,1.,0.2,0.1) [ZxfL, ZAf 1HE LD TRAELY A (1,1,1.,02) ~
HAT %, FRTIEAADOKFERETHIZ—OBEI L TEELTWAITH20b 5T, Bl
DT BRI LTS LVEE LR, 20X 918, HRKTF—I v ZIFANT =2 0%
KT U CRIRIEE 52 DR DB DD, Z OFHBIC K- THI 2 X, H#HEET — X IZB W TALT
DY —7 PRIZIZERR D, REEOREDPRIRZICAE LT E LTH, REGDOREZEO LD
EEETHIENARRERD EEBEZOND,

POOLING STAGE

DETECTOR STAGE

Fig. 5-7 Max pooling introduces invariance, cited from [17].

CNNs Z Z o8 Ik, OO EMENELS LD X2 TA=20nFIshbd, =
DIFIZHWN SN D RFER /23T A —F Eiifl FIE IR DB T (Stochastic Gradient
Descent, SGD) T&H H[18], ==— bk (333.2M) TAEKETEO—FITHY, RN
RELRE TIEEIE T — 2 B SN2 F IO TEDO AR DO FEE BN D, A
A CIIHE R AR TIEOREE TH 5 Adam ZEH L72[19], Adam (3 A /X—/3F X —
% (CEER) OBREITEETHD LS5,

CNNs (X Z DOFBIEE N OFm &SN L MbNTNW D, KERREEEHRa 7 13T
& 5 ILSVRC IZH\ T, 2016 FE121E CNNs [ZFED W= FIEAFHRAIRE U 2R 3%% a5 721201,
72%5, ILSVRC TIiXfft 224, #1224, RGB D ANEBRIZEIL T, T — 2 %0120 55, 7 A
FF—$015 TR, 1,000 7 T AD AT ) —iBINETH 5,
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5.4.3. ﬂﬁbtcm&m%ﬁ

AHFFETIXZER S AT 5D FDD |27 ¥ Has & LTOD CNNs zi [l L7z, 07212, i
TRLIELIICAREET —Z _— 2 & FiLH L CE#k L7, Fig 5-3, Fig.5-4 128115 %
EBEOENMIDT N THIEOURDO=a—T Ty NI =7 TIEINL ORSEREE X

FEF D LTINS L HEESNDD, ZDOF —F_—Z% CNNs [ZHEM+ % 2 & T, 4l
FHZ g EoZ A, 1T H T — X B OBRMIEEZ T 5 /3% — A B CTh
BHEE LT,

72%5, CNNs [ I35 % A 71281 DERUSMIWIRIR I (object detection) & FIRETd 5,
WIRRRIENIE 7 L 2 LI A ) L ORISR OBER Z R T 5 2 LA A
»HbH, LnL, BEMS 7—XIZHB T, REAIIkA REEICEEZ LKL, REEPEEK
AL TWAEAIERICHEEICFRFICEEZ KIET I EbEZ20ND, TOOAEIVAT
LEEEEBL L b OERBEZD L, BRI LICEDREEDORENA LI D DR E
AT 52 & THNEE&ExT, UL ELD, KRFHIHBIT H CNNs [T Z A 7 1281T D
KEMONTLHLDE LT,

AHFZETHU = CNN Ofi&E % Fig. 5-8, Fig. 5-9 12787, ReLU & K& ARE & 1
DOHDOERAEOEZICAEEL, 2 DHOREEEOERITIZY 7 b~ v 7 AFBZBLE L
7o T OREESCBIIAIRT 4 NH DY A ZRF v XKL, OB E N oo/ T A— X X3CHR
2012 2B LN LR TR L VIRE LT, 2D XL 912 CNNs [T Dfg CF#E T —4
DR AT 2720, EEFEO Rk bARRIND,
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Input 96 % 120 32X40  32X40  16X20 Output
96120 36 ch 36ch  72ch  72ch 1024 OURY
c
E[ ™ \ --?;?_.‘. 1024 ".\_:‘7;1 6
Convolution Max Poolin'g Convolution Max Poaing F ll'C -
(5 X 5) (3 X 3) (5 X 5) (2 X 2) u onnection

Fig. 5-8 Structure of the CNNs for Office A

Input 96X48  32X18 32X18 16X9 0
utput
9648 36ch  36ch  7ach 72ch 1024 O%P
1 ch
[ 11 D\UTEB 024 ™ 30
g > > > > >
Convolution Max Pooling Convolution Max Pooling 1 .
(5 X 5) (3 X 3) (5 X 5) (2 X 2) Full Connection

Fig. 5-9 Structure of the CNNs for Factory B
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B - RE R I3 EEO T — 2 WD, AT —%, BEET—4, T A b
TR ThD, T —% ERFET — X I3AbETEET —Z L LMEIN D, JlT—4 T
Fw NI =7 BT DS, Ry NT—7 ONRT p—~< 2 AEWAET — X2 X D FHlT 5,
AFFE ARy NV —7 ZEZEICHHAT 2BOMRERT2OIL, TAMT—2PH0nb
5. AR _TF 4 a T, TA ST —XITBIT 5 %%ﬁﬁo

AR CIEFE T — 2y Ialb—ra VTERLERRET — 2 X=X %, T X
k5 —#1Z BEMS 7 —# Z /=, BEMS T — & [XiE#l 7255 19? L EORBEENETT
WAHPHEER 2 EINTWNDED, TRTHRDT LN THWRNWAESITEBEATHDLEEZD
N5, 20D, SENET A T —ZIZBWTIEEELZBHHT 20T, ZWRR &
BEMS T —# /it & & bl 5 2 LT, BMOZ 4SS BEMS 7 — X ~OARTFiEO# AN
BELRTHILE LT,

FEIT A TIE, EREET—% (FET—%) 122 B30 o b, 20 A EMGET — 4 &
LTI U FNTHIML, 5% 23T — % & L CAREAT —Z 058 %4T7->72, 30 ® CNNs
2% LCZ O A4T, BEMS OR2KIIL Z 0 30 D28 7x CNNs D) & P+ 25 2 &
TEYEvEREE B LT,

T4 B THIAEERIZ 30 O CNNs (IR 21T 720, REAOEENL LN AN RE
AHEBEICL o TRR - TV, £IT, B OEVAONRTZAEATE (F8, F9,
FI12,F13,F29) Z#H Y br&, TN TR O/NSWVVETH S 81 Ho2 & AEET =26l
HLUTHEET 2L L, 8, Z0OHRTI3 AnE 7 v X LI LTI ERGET — 4,
RO &I —4 & L,

AEEFTIE, CNNs OETIALICEEFE 71— AU —27 Th D TensorFlow ZFIFH L7=
[21], BRFHZHAWZEED Tensorflow D/3N— = (3 1.8.0 ThH o7z,
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55. IME

AEETIX, CNNs Z 72 FDD %47 9 72012, LB R ELET — 2 X—ZAD1ERL L CNNs
DOFFEIZ W TREIR L7,

OREET —H _X—ZDIERL

B3 ETHELLHEMRBE S AT AV I ab—vary7aer I a2, REED5
tha7ra 7 Mihbzl-, FEREEAETDHVAT LEHNHEHARETH H 2 L it HiGER
DTN BR LT,
QO EAT — 4 g4l

REAET —H_X—R% CNNs NEEARERTFEZ T 572012, 1 HOa OV AT L5 E 1AL
DY L— R — L OEG A~ T,
(®CNNs ¢ FDD Jit i~

CNNs DR a4 % Z &L T, CNNs 23p8gs & L CTZEHT A7 L0 FDD (2 L TV
B L ER LIz, BIRAICIE, CNNs IXEGNORZ D7 B B O %, B—F L HNO
RTA=BIZLoTEETHZENAMRETH D, CNNs HIEOMEREO R & b E 2, RESG
LD VAT AEHORE A FEHTHIENAETHLEEZLND,
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6.1. CNNs D EHER
6.1.1. BHEAA

400 =K v 7272 D5 OFER, 30 D CNNs ORRFET — # (254 25 R (IEfER)
13 98.4% T -7z (Fig. 6-1), AT —F L MEET — # OFEFENTEHET 20 5H b A 7R
Wiz, CNNs IZAREEGT — & ORI %8 Uiz Ll Lz,

728, RHEIZIZATETY 64GB, 7Yty HIZ 8 2D =27 (Intel® Core™ i7-7820X CPU @
3.60GHz), GPU (Z NVIDIA GeForce GTX 1080Ti %A 3 2 #t%i&% =, 2EETIZ, 30
@ CNNs T X TE5E I 5 DI U7z RefEliL 5 RFff 24 5 CTh o 72,

100%
75%
>
Q
&
3 50%
3
<
25%
0% T T T 1
0 100 200 300 400
Training Training (average) Epoch

Validation Validation (average)

Fig. 6-1 Learning curves of CNNs for Office A.
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6.1.2. TiZB

400 TR 7 (212 B E OFER, 30 O CNNs DIRFET — Z (260 5 G (IEER)
1% 98.3% T o7z (Fig.6-2), FHAT A & FIERIZFIT — & L IRGET — & ORGE Tl 2
WFE S B HINIRNTZD, CNNs IIREST — X DR E+31c 78 Lz Ll LTz, 2%

FClT, A ERT
45 Thoiz,

100%

75% A

Accuracy

25% A

0%

50% A

FFEMEZ VY, 30 0O CNNs T _XC &R S5 OIZ5E U-FERENIE 10 B

100 200 300 400 500
Epoch

Training (average)

Traming
Validation (average)

Validation
Fig. 6-2 Learning curves of CNNs for Factory B.
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6.1.3. TEADEELZHMERICEETI—ER

CNNs [Z¥ 2 b—va r THELEAREGOREAE a7 8 TH L Z L bDo
7o ZOMGEECHWZ Y AT LT — 2 1%, AWMEOANFMHTLEZ L b RESORE
(FEHAEGMHE L TrIal—yva VCRE LA T A=) J ETho7, LaL, 5
Bf> BEMS 7 — & |3k 4 e R B AR 2 RRRECAEUTRERE LTOV AT L@ 2R L
TWHERETE D, 22T, KEITIEFEEALRY NV— DPREORRLIAEEZED

INZBWIT D008 - B2 LTz, 2B, AHICORFHNIFHIT A xR L L,

CNNs OB AW ARELST — 2 _R— 2 ZBIT 5 EAREAOFEE X, Table6-1 [ZH/RTT
RLIZEY THoto, TOREE 100%E LT, 20%0°5 180%E T 20%% 4 DA HA S
HZ2TevIab—yva &7, iR EET — % ZEl L= (Table 6-2), fl %1%
FAIRREE U DREME LY & 1L.0°CELSFHIT 2R EETH 52035, 20% Tl 0.2°C, 180%T
T 1.8°C EME LV HIERSFHITH DL LT,

7B, FEICHOEAREET =2 X=X 2014 FEOARELZ AMEE LTS, #Hizer
BAET—HIIT A MT— X OB T 2015 FFOAMEEZ AMEL Lz,

Table 6-1 Assumed faults for Office A

Label Fault target Mainly related equipment Conditions given to the simulation

FO No faults - Performance and controls based on specifications.

Due to condenser fouling, the pressure loss of condenser|

Fl Performance of chillers | TR1, TR2, TR3, TR4 increases by 50% and efficiency deteriorates by 10%.

F2 Sewage pump set value NP The approach temperature is set to 1.0 °C from 2.0 °C.

F3 |Heat exchanger efficiency CHEX Heat exchange area becomes 50%.

Sensor offset for outlet | Temperature sensor at |The sensor measures the value lower than the true value

F4 temperature outlet of CHEX by 1.0 °C
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Table 6-2 Fault conditions for several severities.

Label | Severity [%] Fault target Fault detail and severity
20% 10%, 2%
40% 20%, 4%
60% 30%, 6%
80% Due to condenser fouling, the pressure loss 40%. 8%
Performance of -
F1 100% of condenser increases by x% and efficiency 50%, 10%
chillers
120% deteriorates by 1% 60%, 12%
140% 70%, 14%
160% 80%, 16%
180% 90%, 18%
20% 1.8°C
40% 1.6 °C
60% 1.4°C
0, o
80% Sewage pump The approach temperature is set to 12°C
F2 100% 1.0 °C
set value x°C from 2.0 °C
120% 0.8 °C
140% 0.6 °C
160% 0.4°C
180% 0.2°C
20% 10%
40% 20%
60% 30%
0, 0,
80% Heat exchanger 40%
F3 100% Heat exchange area becomes x% 50%
efficiency
120% 60%
140% 70%
160% 80%
180% 90%
20% 0.2°C
40% 0.4°C
60% 0.6 °C
0 Sensor offset for °
80% The sensor measures the value lower than 08°C
F4 100% outlet 1.0 °C
the true value by x°C
120% temperature 1.2°C
140% 1.4°C
160% 1.6 °C
180% 1.8°C
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Fig. 6-3 1%, FOIZxT D& AREEBITL D SCOP DEEEZ R LK TH D, FEEDOFLE
1% 20%7° 5 180% £ TR L S /7228, SCOP X EMRANIEL L o T, SRS AT
DITBEIRFFERC T NI Ch D720, REGOREN U AT AFEIIFRIB I B %
FKELILEBZBND,

5% A

0% - /_//’
5% \\

-10%

SCOP

-15% A

'20% T T T T 1
0% 40% 80% 120% 160% 200%

F1 —F2 F3 ——F4

Fig. 6-3 SCOP influenced by faults with several severities.

6.1.1 |2 T8 & 7= CNNs %ﬁ%w, Table 6-2 D% 72 FEEDREAZZWr L7- (Fig. 6-
4, Fig. 6-5) R, BREREICRT2ZWHERE, R 122 AR5 FHETH D,

FT, B—AREAIZEALT, T,\:.@%aaf“zn 100%Z 4T fF < _ozh, W S 100%IC
< 7257 (Fig. 6-4 (a)22H(d), 100%% 2 72356 OZWHEFRITIZIE 100%D E £ Th -
776

Z D7z, CNNs 2 LA BGOREITS L TRRED/NSWAEAE, AT LAZH)

DRBEL/NI W=D, ZWHEENMET T 5 2 EBRHA LN/ oo, £D—JFT, Zd CNNs
X FO (REANRRNES) bFE LWL, FOOBMHERNMEMT L& Lol b
EZHND,

72720, F3 DAITEOTREN 100% 5 B2 7 & IR REE (F1) OREEREN A
U7ze F3 (ko T—RIUDEKITESHEIN L, HK—IKE > T8 OB 0 i O 2h=5
KFRF&ERE SN EEZ LD, LIL, 100%I TRk ) Rif2IdigiE i
LIRS T,

RESWER/E L TOIEEA OBMHERICOWTHONTT 572012, 2 O R BA % [

WZH-Z, BT aRRE 20%00 6 180% % CAB St/ AR EAET — X 02K b1T7-> 7= (Fig. 6-4 (e)
M5 Fig. 6-5 27C), HARMIZ, 100%LL EOFEE OLGEIIE H OZKIHERIK 50% & 720,
FREEDN 100%ATH O E 1T OBZWHRMET T 5 L & bICb 5 A OZWHER ML,
B 21X, Fig.6-4(e)TILFl & F2 OFREE%H 2, FLIIAEAGOREZ 20%0°5 180%% T
EEESEE 5T FRIIAESOREZE 100% THE Sz, ZORE, FI OREN 100%
R ORHIFRREE BN T DI O TR RN L, F1 ORER 100%LL ETIEH 50%
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Ehpote, RV OBWHERITIZIZF2 THY, MOBERHERIIIET IS/NSHoTz,
ko T, REAPEBELC TV LG, BENSAEET - X—RCTHELZD
D LY H/NSWIGEITZEEEN/NS 250, BEMIELY b RESTHLHORES
DZWHEEREZ LTI TRV ERHALNICR T, 72, 22 TH F3 OZWfER
FH—-RESOHA LRETH- 7= (Fig. 6-5(d), (2),

EARBNZ 2 DORNEEGBFRIFFZAE LTV D IGEITRED 100% %2 8 2 5 & Wi h D2 KR
IZIEIE 50% TH - 7203, F3 & F4 OMABDOEILZ DORY Tlk7e - 7= (Fig.6-5(g), (h)),
F3 & F4 BREIRFCAUGE, F3 ORENKE R DHI1TE F4 OZWHEMET L, F3 O
FREEDY 180% DI F4 OBWIHERIMTIT 0102 o7, ZOWLFEETH o772, F3 I3HEH
WKBZHEROMERRIR N Ch D708, K —RIRENEINT 284 52 5, £ D—J T F4
[XF CBASHZR oMK IR ORE Y OfRZETH Y, FEE Y HEMES FE D
7o, AR —WRIMEPDT B2 525, DFV, F3 & F4IXT AT L@ LT
WAERT 570, FHORENRS DL b O R FOEEBLITHHLTCLE Y, 20ODHIC
ORI RBERRICRoTEEZLND,

LLEEY, BI5MNEH 2 B2 RIZEORBEGORELRT L L 6T, iR BREELR
BT ERHLNERoT, 12121, ZWEROEEZTDEEAREGOREICEBTED
HLDOTRWED, BEENTZARGORELRET 270 ARNELEZ LD,

T2, REGT —H _N—ZAERFICEE LERE XY LB ROBENRKE WHAT
b, BT RIIE A LA WEFIR RSNz, REAT — X _—ZEROBICAIME & 72
HIEFEIIBMHAERICE > TEETHD EEZOLND, BIZIE, BE X BB LIZWAREEIX
BREZ/NISOICRET DI E TR EZ LT N TED Vo= L RNREZLND,
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= 100% EEEEFEEE - = 100%
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£ 3
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[a) 20% 60% 100% 140% 180% A 20% 60% 100% 140% 180%
Severity Severity
FO mF1 mF2 =nF3 mF4 FO mF1 mF2 =F3 mF4
(c) F3 (20% ~ 180%) (d) F4 (20% ~ 180%)
100% 1 S 100% e = e e
< 75% S 75% -
e <o =R
S 50% A g 50% A
2 25% % 25% -
,§° 0% - .§ 0% -
[a) 20% 60% 100% 140% 180% A 20% 60% 100% 140% 180%
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FO mF1 mF2 »F3 mF4 FO mF1 mF2 =F3 mF4
(e) F1 (20% ~ 180%) + F2 (100%) (H) F1 (100%) + F2 (20% ~ 180%)
5. 100% - 5. 100%
S 75% A S 75%
Z £
g 50% 1 g2 50%
% 25% % 25%
§ 0% - .? 0%
a 20% 60% 100% 140% 180% A 20% 60% 100% 140% 180%
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FO mF1 mF2 =F3 mF4
(h) F1 (100%) + F3 (20% ~ 180%)

Fig. 6-4 Impact of faults with different severities on diagnosis probabilities (1).
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(2) F3 (20% ~ 180%) + F4 (100%)

(h) F3 (100%) + F4 (20% ~ 180%)

Fig. 6-5 Impact of faults with different severities on diagnosis probabilities (2).
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6.2. BEMS T—#4 ZEfER
6.2.1. EHATA

6.1.1 (2 THIf# S 4172 CNNs Z IV T 2015 4£.00 BEMS 7 —# 2 L 7= (Fig. 6-6, Table
6-3), FHIT A TITEEARREGOMAEDE L FENGE LD, IR
AFYEICEREE~ L BWHREZEI VIR 72, R ELTL, F3 BNRbEREL ZEHS
AU, Fl & F4 328 L TIRWHERTH D, F213H DRI OB Wi E U,
ZWHE—HIZ - T D 72, HHRR2ZWHEENMEOND, ok, dIgHEIcsny
TAREASNERS NIRRT o T2, FD1=8, LWL A 204 % R KISk
MELT D2 L TREGDRBOBN T OB LI L2 EBZ b5,

6.13.12B1F 2 BEEEFE 2, K REGICKT D2 WS, ?‘Fé?f\“»«x{’ﬁﬁfzﬁiac,ﬁib
k&&,mm87~&#%%méﬂéﬁf%ﬁg@7Fgé@:fﬁ F1 7»% F4 %@
AREADIRDIGED L~k U THEE LI AR BESORRED FRAIC BEMS 7 —4# O L~ L
WHERET D L, ZWHERNRE < RLMEMBG LT, FI TIRMHEE COP O ARIZ kT
T2 bHEE BEMS 7 —# ORI L, ZiE BEMS 7 —# 0 bHEE L7z F1 OFRRE &L L
Too HRRAR T2 HEV A B2 6 A TIXBZWiERE /NI WD, MR TREARE 725 8
A Z AT WiEeEnm L7 (Fig. 6-7(a)), F2 TIIAREGORERELE LTHRIHLET
2—FIRE (FKIRE & MEKE OREDZE) 25 2.0°C % FlEl 5 & 2WiE2£E U7 (Fig.
6-7(b)) . F3 I bBZWiENmooTz, FE LIEAREAGORE L BEMS 7 —# b H#EE S
N EBEORENIEFITEN Tl LB 2 6D (Fig 6-8(a)), F4 T/ BEMS 7 —4 &
L CEAS R " REAIRIE LR &~y IR DO T RRE S TN 27z ®), ﬁ%m/&m
EEELE L TARNEEDOEROBRELHEE Lz, ARZDZ>Ot U HXFE UEE
TRETHD0, MG WIMH % m LTOPCiEQ%#ELTDKOKE%T_5“HXWW
IRe D F4 OFEEIT 1°C DFRAETh o 7272, ZWiERIFMRVMETH -7 (Fig. 6-8(b)) .
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Fig. 6-6 Diagnosis probability for Office A.

Table 6-3 Average diagnosis probabilities for Office A
FO Fl F2 F3 F4

Average diagnosis | ) 4o | 14600 | 9305 | 403% | 13.4%
probability

153



E6E TEGRH - ZW—HRREER
5 - - 100%
9
E 0 1 80% g
g \ 5
£ L 60% S
,_e =
2 -5 o
9 .4
; - 40% 3
2 2
5 J - 20% Q&
-15 T T T 0%
1-Jun 1-Jul 1-Aug 1-Sep
Diagnosis Real data
No fault  =------ Assumed level
(a) F1: performance of chillers
6 1 - 100%
3
o - 80% 2
! &
= 4 z
g - 60% 8
= a
2 2
5 A L - 40% &
§ ’ \/ /\J B VV‘J .§
<& - 20% A
0 . | 0%
1-Jun 1-Jul 1-Aug 1-Sep
Diagnosis Real data
No fault ~ ------- Assumed level

154

(b) F2: Sewage pump set value

Fig. 6-7 Diagnosis probability compared to BEMS data (1)
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(d) F4: Sensor offset for outlet temperature

Fig. 6-8 Diagnosis probability compared to BEMS data (2)
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6.22. Ii5B

6.1.2.1Z Tl S 4172 CNNs Z T 2014 4£0 BEMS 7 —# 22 L 7= (Fig. 6-9, Table
6-4), 2013 /L 2014 TRV TR E RARM OLECHBIZEITR 5T, 2013 FEOAM S
% S LITER LA RS T — X OFF#IL 2014 4£-0 BEMS 7 — % ORWHZEHA T 5 4
DL L,

BEAREEGOZWHERDO O L THED AR ENRFFHZA L TV D AR BRE L,
KLEWHERTRM SN ARESOHZNET TV D & I3, CNN 23 BEMS 57— (2
BOWTEAEGOREE YR TR L, BRI RESICERT 5280 BEMS
T =2 BT RNTENTWD SR LT, 72720, X02FRomnEn, REED
RN L 7 —2IZHN TV D L%, FICBZErEiic F4, F7, F10, Fll, F39 Zx42
LUF D53 24T o 72,

F4IZBILT, 6 HNS 7 AIZBWT ZIREKKEND K ZWICH 2000 6T mEES 1 A
THEEE I TV e (Fig. 6-10@)FFFHN, LUTRRIER) . MEESEER AN 2 BITHE: Lz
B, BEHEORERENREIMEL Y bR o TWnizied tHEllsh s, 6 A, 7H
1% F4 DS SVl L 2R D70, WENCRZ M e Sz LT E 5, ks, 4 AR
76 F4 OBZWHERITRA I LR LTEY, ZREKEEOHEINCE->TZ DL S 22l
Rl BEZDND,

1LANS5H, 8 AD 9 A EANCEHEWT TR2 Bkt EASFR EM & Tl L T\ = (Fig. 6-
10(b)), Z ORI F7 B2 E B2 D, FTIEAR Y 7 A U8 —Z FRRES K E 0
FEGE, MEAZREMEEY ICHE CE 22 R REATH LM, REME EBEOME & OTEBE)
LBZDEITHWLIZbDIEEEZBND,1 AN 5 HIZBWT TR2 138 L TH 57,
MEIIAK 0 THDHREEN, MEOENEL T\, ZOERITECHICHERRSH S &5
A HNDLN, REME DOTHEL VO BEWRTF Bgishic &2 o605,

1LHMSS5A, 8 AG 9 H EAIE 10 A S 12 H TIE TRI BEIKFR > 7 A 23— X J&i
B 69.8% T—iE & 72> Tz (Fig. 6-10(c) . Z OWIRIX F10 2 SR L B 5,
COREAIT2261ZBWTHHLMNIR> T2t DOTH D, ZORKE, TRI MEIKIEIT
BREMICHK LTk & 72> TWie (Fig. 6-11(a)) ., HIEMEEEE TIX, WEIKERS T A v R—
2 JE B EL D T IRMEIL 45% Tdh > 7203, BEMS 7 —4 E Tl 69.8% & 70> TWNWe7ebZ D& H
RHEMRRBIZ o T e B2 b, REET — 2 _N—RTTEE L7 FIRIEIX 90% T
Holeny, FEEGOMMNFE U ThHIUE, BENMEEICEL TV R LIS Z LN
TRBEEINT, v alb—r gy ECIETREN 45%Th > T Hl ISR 72 Shiziz o,
ARG T 2 —=V TRRE SN TNDHEBZ LD,

6 225 11 A TR2 WAIKIEES R EMIT 3 LTIl L Tz (Fig. 6-11 (b)), 2Wrifs 4
ELTUE, 8 A 11 AIZ T THlRESETNIHIE T X 220 F11 OfERENE T, 7ok,
ZOHIMIX TR2 ZBEE L TH 6T, KAAREGIIMAKGEE - VORETH L REED H
%o FDI=8, BEMS T — % DHNS T ZOREAIIRRNREM, HEt oW, 5t
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YW, F£720F BEMS OF — X IUEMIEIZH 2 0IIAATH Y, ZhERALNIT 57201
XEBRICBIGICTU AT AOREEZ EHEMET H20ENH D, LA L, KiFHI L > T TR2
DHBHKEDL VI ENOREABNEC TS Z EITHA LK, B, ZOREAICELT
%, EVAREET —FX—REPEET 5 Z L TR AIRRICR D EE X 6D,

F39 (B L TiX, EFELSNO—EM %z L TeWiERn3 42 U Tz, F39 1 3mAEH Rk
B HCRERENE LD AREETHDLD, ZNCL > THAEAE Y 7 OBBIXMmz 65,
FO, F39 ®¥ I = L— 3 ViR E BEMS 7 — X IZBIT A EB 2 bk 5 &,
F39 1% FO (Zxf U CHmEEEHE E /NS <, BEMS 7 — X 21t h - 7= (Fig. 6-11(c)) , 72383,
BERICBWT F39 B2l SN2 o = DIL FIl1 L REE, F4MRT AT A~DORBRRKE N
HiEEEZLND,

ARFEIZL2ZERERIT 1 BRI CHAOIN ST, Hx OEHAICBW TIEZ2EimER O
BWAREENS, BfRT2 BEMS 77— #2025 2 LT, TOREEORAELZHELL
WERBATRECH D Z VR ENTZ, 728, T B TIIHBATA L RV FEREA L FODEE
ARELGT —H =L LTCNNs IZH- %, ZORENFEIND0, FOZHE L LT
Wi R 2 BT 2 Z L IxTERY, 20720, FEENRZLZHLAE LT D HBZITH A
BEBRANIT 4 ETRRXTCL ) RFECIVITOMER DL ZLITHET A& TH D,

MGHMICBWT, REABMERES NI LW I FEEIIA LN o 2720, ARIZH &
tTADi/XTA#ﬁE% IHELTCWOAAREARTEEEZ LN, —FMIZ7-5H CNNs 12

LW & BEMS 7 —Z iR A L7722 LT, ZNODORERITFHICT — 2 b1F
Eﬁ%%ﬂ_ﬁ5@?1@<,ﬁm%ﬁ%@%m&kmot@%*#_i017~&_%
BELIIRT 2 Z BN 272, Ko T, AR TR LIZRTLEZHE 5 CNNs (2 &

% FDD Fi£1E, BEMS 7T — X IZBIF D AR EAORIVRMZLZ D Z ERNARETHDH Z &R

NE T,

157



- DM ISR EER

«E‘ 100%
S 5%
Nea)
2
B 50%
g 25%
8
2 o
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m F4 mF7 F10 mF11 mF39 The others
Fig. 6-9 Diagnosis probability for Factory B.
Table 6-4 Average diagnosis probabilities for Factory B.
Label Fl F2 F3 F4 F5 F6 F7 F8
A;f;ﬁiﬁi‘liil;gﬁzs]ls 14% | 0.0% | 0.0% | 292% | 08% | 13% | 103% | 0.0%
Label F9 F10 F11 F12 F13 Fl4 F15 F16
A;f;;iﬁi‘liilggﬁzs]ls 0.0% | 18.7% | 123% | 00% | 00% | 00% | 0.0% | 0.1%
Label F17 F18 F19 F20 F21 F22 F23 F24
A;f;;i&%f‘ygﬁzsj“ 02% | 1.0% | 14% | 00% | 02% | 00% | 0.0% | 0.9%
Label F25 F26 F27 F28 F29 F30 F31 F32
A;f;;i&%f‘ygﬁzsj“ 11% | 25% | 05% | 00% | 00% | 00% | 1.9% | 0.1%
Label F33 F34 F35 F36 F37 F38 F39
A;f;ﬁi&%ltaygﬁzsj“ 0.0% | 0.8% | 3.1% | 00% | 0.0% | 00% | 12.2%
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(c) TR1 condenser water pump frequency (F10)

Fig. 6-10 BEMS data analysis referring to the diagnosis probability for Factory B. (1)
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Fig. 6-11 BEMS data analysis referring to the diagnosis probability for Factory B. (2)

160



XA BEMS [CH (T =ZRARR AT LD
TEER - 2 L RBEHRIENIEET B

6.2.3. AR LZE - BHERICET S5 —EE

AMFFETHRZE L7z CNNs ZF ] L7z FDD FHEICBW T, FFMRs Iab—aildd
REET —Z_X—ADERPEY) 2ZWNITEE Th o7, BB LW AESEEATE Y
AT LEE@ AR T 5 2 & T, CNNs | KEA@?@@(% BHIEDHZENAREE D72 T
b5, L)L, CNNs IZFET—F L LTAREAT —FN—2 %52 D%, 53. TRk L7z

X9 AN LETH -7,

Btk 78 FIE~FTEHT — 2 2 B2 DANIATON DT — % ORTALE L normalization,
standardization & & FFEAL, D FIEIZ L o THEE ORBENELA SN D720, HY)eT
EORINIEF | ’ng%é[l][ﬂ ZZ T, LLF® Casel 7»5 Case4 (Cased I 5.3.@$?£
LRIT) ORIAEEFIE L 2DFH J”\Lﬁ‘ft%%ttixﬁ‘é £ T, 53 THW-FEOZY M
ZRRELTZ, 72, %\/7»«;% WLT, FANZYIalb—varyOANETH D 2013 4F
® BEMS 7 —ZICTREDH 725 HHOT— 2 2REL, REGT—% % 1 N
360 & L7z,

ATALIEF K

(1) Casel

Casel TIIZTEEIZOWT Eq. (6-)DIEHLZIT-T-, T DORE, 39 FHDOREE % 360 3
SHWET®, FEF— 2 IAE 14,040 L 72 57-, BEMS 7 —X 2B A8 [REEICE
HULZITW, TORR 1 22755131, 0 2 FRl->=8558130 & L,

x — min(x)

Xnormalized,A = max(x) — min(x) Eq. (6-1)

Where X,ormatizea 1S the normalized array, x is the array before normalization, min(x)is the

minimum value in x, and max(x) is the maximum value in X.

(2) Case2

Casel TiX, REBOHENHTOARWIEHIZOWTHIEDOEE DR Z CNN 23525
LAREMEDRH VD, FEHODGFIZIRL 2N EEZ BND, £ T, Case2 726 Cased TIEHMR
HET =2 NOREENRVIRIED T — 4 (F0) %5\ 2 ffi% Eq. (6-1) & [AERICIER L L7
LOEFET—42 L LT (Eq.(6-2), 7 —# &% Casel &[AIERIC 14,040 TH -7,
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x — x9 — min(x — xq)
max(x — xg) — min(x — xg)

Eq. (6-2)

Xnormalized,B =

Where X,0rmatizea,p 18 the normalized array, x is the array before normalization (F1~F39), xq is
the array before normalization (F0), min(x — xg) is the minimum value in x—x,, and

max(x — xp) is the maximum value in x — x.

(3) Case3

AR EEDER LI L > TIE, VAT LARREASZWAZ TWTHZ O ITE
MBNILWGEND D, T DX DT — XX OTHE, TR0 bRSHHICED & &
BIb, T T, ftESMELE L UIREADBMAIAT N T DR, FlEREL L UIRES
DSJBN TN WT —F 2 T — 2B RS Z & THREM L2 X -7, BAEmMIC
%, 360 HDOY X 2 L—a YO ) bLoaEE, 1HEEE, SCOP O X TIZiHu
TFO0 L BAELT =X OMENEE GAZE 0.01%K0H) &R-o72 A 2T — 2 BRI L
7= (Table 5-4 &H#),

EEEDEHIZBNT, BKSLHBEKR S 7 DA L r3— B TR B O s 1 ¥ B
DI=DIZREINDIHZENH DD, AR TIIA V=& FIRENNST L5580
O RREARENE T BRI 57201 F8, F9, FI2, FI3 ZFE LT\, LnL,
INHDARERIET Y I 2L —ra VBT 2BAREDIEFITNE L, ERICHALIZL
WETE LW Db & FEREDEENR B TH D 360 D 1 HILLFTH D FS, F9,
F12, F13, F29 ZFERENOERIN LT, ZO/R, T—F &1 8,933 Lol

(4) Cased

Case3 TIIE TN BWTCFEET — 2 ORDB R L7280, FEHT — 2 BLZWAEEITD
IRDAREAITH L TR E L0 2 EE SN AR S 5, £ 2T, REEORA BN
KHDIRNSTZFITICEDE, ETOREAIZOWVWTT U H A8 B Li-b o4 %

Br—a b Lz, TOREE, 020 CNN BFEERHICHWD T — & &id 35 EOA A~ A
AT —HX% 81 H4yT 2,835 Lirolz,

[t o

ZFERER

Table 6-5 (25 EFFD Validation 7 — & O #7~79, Casel M b EfRERNEL, 34EH
BN S W F R0 F12, F29 OREEEIT 10%IZi72 7, 246 &5 8 THRIEEDY 50%Ai D & D
X 10 FECTH o7, BAERED/NEWES, F9, F12, F13, F29 ZBRW\ 72 FEIFEFEIE, Case2

(85.7%) 7% Casel (80.7%) ZxfL T EL, T—XORE L L TEAREET —X L ARE
BBRBRWGEEEDELZD Z & T, FREEDOREEZ LV FETEDLZ LRSI, LrL,
FEEEDS 50%AE O H DT THEE S, FAEEIC XK > UTHEUNCFE RN R SN TR o T,
Case3 & Cased [X FHREEE D 98% & 8 2, 25 A EA DO The LIRS 13 87.9% (Case3, F15)
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T o7z, Casel X° Case2 TIIREANAEL TCWARWNWT —X {32P X T\ o RESFf#
B L > TEE L HEENMED > 7273, Case3 X° Cased TlIZ ORENEE S 47z, Cased
DHEREEDOT TR BIRVIEEL 91.5% (F37) TH Y, Case3 LV b AREE T L OHEDIT
HOXINIWIER Lo T2,
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Table 6-5 Validation performance

Label Casel Case2 Case3 Case4
F1 94.8% 99.2% 99.5% 99.7%
F2 43.1% 71.8% 99.7% 99.0%
F3 51.5% 96.8% 99.0% 99.2%
F4 76.5% 70.1% 100% 99.7%
F5 93.3% 88.0% 99.6% 99.5%
F6 99.6% 99.6% 99.8% 99.5%
F7 67.1% 67.4% 98.0% 98.7%
F8 8.1% 69.3% - -
F9 39.3% 39.1% - -
F10 99.2% 99.4% 99.1% 96.9%
Fl1 26.8% 29.8% 95.0% 92.8%
F12 7.3% 42.9% - -
F13 36.8% 35.7% - -
F14 97.7% 100% 100% 100%
F15 36.6% 36.9% 87.9% 92.3%
F16 97.3% 99.7% 99.9% 100%
F17 53.6% 67.8% 96.2% 97.7%
F18 97.4% 99.4% 100% 100%
F19 99.2% 99.8% 99.8% 94.4%
F20 96.1% 99.4% 100% 100%
F21 98.2% 99.9% 98.8% 99.2%
F22 99.0% 99.6% 99.9% 100%
F23 99.3% 100% 100% 100%
F24 98.4% 99.7% 100% 99.0%
F25 99.5% 99.8% 99.9% 98.5%
F26 99.4% 99.1% 99.7% 98.5%
F27 99.3% 99.4% 100% 100%
F28 51.3% 52.2% 96.3% 96.9%
F29 4.8% 62.9% - -
F30 98.1% 99.5% 99.7% 100%
F31 98.8% 99.9% 100% 99.5%
F32 98.6% 99.4% 99.9% 100%
F33 37.2% 40.1% 94.1% 95.6%
F34 96.4% 99.4% 100% 100%
F35 98.6% 99.8% 99.3% 97.4%
F36 95.2% 98.2% 99.4% 99.2%
F37 22.9% 21.5% 88.9% 91.5%
F38 99.2% 99.4% 99.8% 98.2%
F39 98.7% 99.5% 99.9% 98.7%

Average* 80.7% 85.7% 98.5% 98.3%

* Average was calculated without F8, F9, F12, F13, F21.
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%HU&&fﬁﬁﬁlﬁméﬂﬁTAuT B R—2 % AWTHI S A7z CNNs & vy, 2014 40
BEMS & — % Z2Wr L7z (Fig. 6-12, (d)i% Fig. 6-9 OF48)

Casel Tl Case4 [ZCTEIZZWr &7z F4, F7, F10, F11, F39 ® 955, FIO LANIZE A
ERMr e nodz, Case2 TIE FI0 2MFF2WrEne< 720, F10 USAREZE Sz,
Case3 Tl Case2 IZxf L TF4 R LD *J”\Lﬁéﬂf_; LTz, F10 A2l & 417z, Cased4 Tl
Case3 (Zkf L CTRIKIZ F4, F7, F1l OBWHERS MLz, 2%, SH3HE”H 6 H, 8
A 14 - 15 BIZZ ORI &L BN R 503, T —FICKREN & o T 7cOm b 222 W
mENEhoTEEZBND,

VA EX Y, Table6-512% 2 X 912 Case3 & Case4 TIIFEFORKEIZIZIER U THDIZ
LD LT, FEOBEOT — X ORI X > TBEMS 77— 4% DR Lﬁfté'ﬁ?fb”ﬁﬂﬁ‘é &
DR S Tz,

6.2.2. CRtal L7238V, Cased | DGR 72 BEMS 7 — Z 0T S A HENR A
NnNi-, 2Rz 5 k%ﬁiﬁiﬁ@d‘fﬁb\ F11 ORZ2WiE=RN Cased I Case3 LV & EHo
oo ZOXIRMBERITAECTWDEIAREAZRE LT Z LICORN D720, KREHTIE Case3
X0 Cased OFNHEYNTZWr SN LW L=, £D—H T, Cased |[Z8IF5H 12 HD F7
R4 AD FILIFR2Br & T4 BEMS 7 —4 EbITZE ORI 6N olz, 20
O RBZOUGEIIAHORETH D,
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(d) FDD result by Case4 (The same as Fig. 6-9)
Fig. 6-12 Comparison of FDD result with various preprocessing
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6.3. ERLSEDRE

PR D BAS IZEA SN TV D RESMEIOMERIE, SHRVBMEE B2 256 OE@RNE
Tholz, TOTIRIIT AT AIMEIRIZHD X 5 7S IIXEFICHEDHTH DD, £5 T
TR WAREAICH L CIRBEOBEU AR ENKHETH Y, SbLARTNERM SN BT
AEGIFRIME L CWH Z L b, MEEZRITTICAEGEZT — 2oL 55
A, EIEEFIC L > I AT L2588 LIIFENRIRELL BT L ERWAEEEZH 2D
HEAIZBW AR —Z 3585325 2 L IIREETH 5,

DX ARBURIZHR L, AIEETIALFDD 208 E LTS Z & THEx AR R
B OFAEARMELZZWHERE WHORECTIRAT LI ENRTE D, AL —H TEDIEFRIC
EONWTEZWHEROBWVIAICY 7TV AT LOT —Z 5 ffiz1To 2 LT, RERENR
IR AREBERI - BT 5 2 ENARRICR D EEZDLND,

T4 B OBMiER (6.2.2.) I[CBL T, BEMS 7 —# 04T LTI 7 A TIE F4 & F11 1
05 DRI HIVTZAS, 2SRRI F4 2380 96%, F11 28005 3.6% CTdh o7, 6.1.3.05%
WZBWT, REEDEEEL TWEEE, REAOBRENEEL BRI S22V R REE DR
BORENTN, BEHERLREL 2D ENRDLI-TND, F4 OBBBEEEN 2 B &7
HAREAIIAR | REETXEAMEEC 2 A CTEIELCLEIORNAR L, tioREEIC
XL TV AT DRERASDEENIFFITRE N, 207D, MOREADOEEZNEHLTL
F ol ATHEMEN D B,

UbxEEZD L, KRFEZHWTAREGEZEB LIZOLIZ, BTV RES B HITIC
WS I, REICARBEAE DN AT A~ HEREE M ESE D 2 ENARRIZR D £ B %
bivd, LnL, REAGOEBEIIHTLND X MIRLNLTWAIGEND LT, EOA
BAENOIEET 20 W 51T 5 BN & D,

ZDOOABOFEE LT, FEGEZEEZ CTEOTRIET S Z & T, REAEEROME
REM L& EEAbFREE § 5 2 L BIT b D, Bz, REET — 2 X—AERFIZT T =
L—ya NG R TeNTG A= 5EHE LT, BEMS 7—# & v ab—va URERN—
BTDEIBENRNT A= ERBTLTEREZOND, L, T B TORMHICRE
BFEP BT KRS LRI TR A E T 2720, BIERN TRV, 2070, 7K
FEICE OV AREAEEAK VAL EITAERTHDL EEZLND,

Fio, RFEOFEICHT T, EBIAELSLSTWAREORELLETHD, T B T
X AT DR ERORIRE 2 5 D AR EGEME L2, K0 EHNRBLED D REE DK
ExEITHIZET, BVAT A~OBAEREELZ EBMHESND, 72, Y Ialb—va
VTR DN IR DO G BRI R 21T > TV WS, EEEIT S OB FHI SN D, D
7o, HERIBEIROLAIIE OMIRICERT 2L 0 2T DLV oW AITH 2 & T
DWERED M BT 2 WTREMED B D

YR TH LD, KFETIIHRENOREGEZW T2 2 LT TE R, LAL, H4ELD
BOWTMLLOREADRMENTZIC LD L TR SNIEAREED Y AT AMERE~DE
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BPN/NSWGE, BENOREAENEL TS LN FAETH D, TOEEITTEEICK
LT =X EE LT, BJR AT LOBEREAREBE LT L, 7 —F X—2ER DR A
MEEINDZEDEELWNWEEZ LD, MMAT, FHll L PO BIR THLE O3V BEMS
TR IEIREEORENPENICL LK RHT-DBEREENME b tExbND, REGOD
B AR CcE L9, FHlL VIS L0 UDHERT 20N H 5208, Z OFEIL BEMS
F—HDOFMLEEE W) B TT =X 7 Lo DU TIB ST 6N L& 2615,

168



XA BEMS [CH (T =ZRARR AT LD
TEER - 2 L RBEHRIENIEET B

6.4. /IME

ARETIE, ATETIER LI AREET —#X—2% HUT CNNs Z3l# L, 5% CNNs
% FAVWWT BEMS 5 —# Té?ﬁ/\*ﬁ’ﬂ 22TV, LU O EZ ST,
(DCNNs D=8 R D s

mEgA LA AT — &A%x%(mNsL%géﬁto/\;v~ya/ KO ERCL
Tokfx RRREOREBEGT — 2 #2W SHTRR, REEGT — 2 _X— X ERRIFICEE LR
HAEDRENDETERICERELY 525 L Nbhol, E{M’J I, BEE BB LA
HAEDEEE, FEAORELZ/NSDIBET LI ENANTHL Z Lnbh o,
@7 —# LB DO MRt

FRT—Z ORI TFIED Sy — AR R T 4 &4TH 2 LT, Wik R 6 i) 72 pii e F
EEE Lo, 135 B ORGTCIIEE LA EAFEN 39 L oo o, REAS
HEG2VHERBRELOXEEZ LD, REAEREL TWET—XOHEMHL, ZnEH%
IZCNNs [ZFEEIEDLZENANTHL Z EnbhoT,
©@BEMS 7 — % O Wiz X 5 A 2O

BEMS 7 —# % %% # 7 CNNs (2l &, 2Z2Wrki R & BEMS %“H&J:%:J:t@i\w:o Z
DFER, ARPCHKIRILEE & Vo T2 EIRR I L > TF — 2 IZRBT 2 A B 50T
L, 5 REEOBWHERNPEL TS & X, BEMS 7 —#IC %TEA(D*%%%L%Mé
T DR S, BWIREROZYEN RSN, 7272 L, AFEIC s RIIAREG 0
BEZEREE LR TE VWD, Tﬂmﬁf®ﬂmiA%®& f%éo
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7. RKEQOESLEHM
711, BRFIEETIVFLRAKRIUR

"Mk (Carbon Dioxide, CO,) DHEHEHIHAZ HRIE LT, K EITREIND
FATRET R L X —NIAERBICEL LTWD, TO—FT, BEOKRE L W78
DFAGNT  ATRENAE LT TETND, (ERDEN VAT LTI, FEOZEEITKIIHE
FTE TR EICL > TRIRES TV, HEMRZIAX —ELEOEBEN AT A
IZBWTIE, REEZR E DI K o THFA MO ) b ZEB 3 5 728, TEEHI3 2 DA 8%t
ST DHERD D, BIZIE, T AV BIEH Y 74 =T TIEY FITKREREEN T D
— 5 CHRIEDESFENEINT 5 - OB IEEN BT 285 (X v 7 1—7) )8
ML 72> TWAD[], BRTHTTIZ, KEOLEENTFEICKH L TRE LRV RFIsE5
HFNA T TWB[2],

7~ FUARY A (Demand Response, DR) 1%, & & & E@ENAMTEELEZBERNE LT
TEFEOF R E LTI E TSI 72 ST E72[3] [4]. K[E DOE & HARDRF
PERBEIRT R X —FIZLD DR DERIILLTOMEY TH D,

Changes in electric usage by end-use customers from their normal consumption patterns in
response to changes in the price of electricity over time, or to incentive payments designed to
induce lower electricity use at times of high wholesale market prices or when system

reliability is jeopardized.[5]

TEFETRNLF—U YV —Z (DSR) ORAEDL LFE=ED, TEHTRLF
— U Y —2Z (DSR) ZHl#d 5 & T, ENFEENL—VEEEIED L, [6]

K[E DOE I X 2 EHEARTHY, DRICIFOE /MR EICL DD (XA FIv T
FATr 7)), @AM (M) OEBEEWE (77U 5 —2&khEte) , OmLBESIA, @3
FENEES N TS, BRTIEEICQOT 7' 7 — X2 L DR EED DR & L CEAN
EDHNTWD, ZOFET DR &CRELNIXIT 2 EFEMENE WS OO, FEFIZ L - T
FLLANZRAX—FIRIE 2D HERH D, B2, BEDICEIHREMZRDR &L
T, ENIREREEOLEENZET HND[7][8], b L b @AY N IERETHE SN T
W5 E LS, DRICK VIEHIFICIRER EMBEZET T 5 2 LITEEE OREMEZHEZ S
AREMEN B D,
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712, REQBHEFE

HEMIZIBWT DR 217 9 B, BEFE~DORE L R/NNRICE EDDH LGB IV EEL
725, EDIDITIE, KREMDREBIFNREORINEZ S L 203 bHEERRHE AT S 2 &2
VETHDH, DRICEBINTDEEDNHN L, T O NRFEOIRTUCELE L7 gafil i &2 17
92 LT, FERMICHAMRET R ALY —DOEAJLRN AL DO TH D,

ZOFIE, 3FEDODR DO L, OEIMIMEREICELD D, @iiIGIHE, (ko TiE
REND EEZDND, FICHHIGIRIITFEESZ D DR 217 9 DENEZIRETE 5720, J&
3 O 2 e KIRHERFATRE T 5 L IBE SN H[9], L1 L, BLEME CIImEG N /A7
WHBIZH D LT W2 E WS FREN D 5[10],

DR IZEBIRHEOLZENN G L b EDHMTH DA, HEMNRET R —DEALK~D
FHHIC L DIERFEE~OER B IN D, 2T, OFENMKZEIZLS DR %, CO»HE
HERE 2 B8 L7 MRt & 32 2 & T, COBEHEZ FoMbd 2Rl 2 it L, £o
NREERTH L EREORNET S,

HARBNZITE N ZE M L, 872 CO HERI A BT 5 2 & T COr HEHEN &/ &
7% X Ol OEIRE Kok 5, 72k, AGIETEE, KRFLAEHNE LIZDR &
V) 9 B C Carbon Activated Demand Response (CADR) EBESZ L L35, 7pds, FALMFIE L
LTHYHA FOKBAFKE, aP =R —ar P 2T A, SERREZIER LI RoEfEo
BRETHOI TV D [11], ARGHIEBED 3BT 2 Rk &R OB 2 PRtk % &8
HHDThHD,

o, RETITRYBMARE R E LIoMET 21T 5 2%, RAFENE R LR S LTRAR
FET /L X — AN EORETLRFHETH D NIISHHALNICT HLERD D,

713. WEVAT L

AFETIE, HENEIEH LIRREBREZ RG5O, EEW 28925 F5 A O
W AT MERtge s L,
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72. BHN_BItRFHHFROETE

AREHZ BT, @1 CO HEHIREUE, CO, HEH % F & THl > 7= fE[kg-CO, / kWh] &
LCER Lz, —MRIC, PeREIIAE IS ERPEAE L LTAR LTS, Ll
KPR EUITF A FTRE T RV X —HIC LV FIZEBT 513 TH S 720, T E B CO,
PEHAREL L LT 1 IR 2 & THEE Lz,

AW TIE HAREN THAFTRET RV X — W K3 LN = U 7 TOBER CO, HEHIFR
BatE - R L, JUNZ Y 7IFEBREHP R T ZMTh D Z L n, EEMEE
WERLY I EE OBRAG LR, KIGEFHEOEANER LT, ZD7®, W OTRIRDUTIET
RO BABEORRAEFRT L L TatzitED T,

B COr PRI DHEE A, LT D 1)~3)& W T 7572,

) 1 RMEORTE, k), FT, K, #E, NA A~ KB, BT, 8
K, BELOMAEHEENT—4[12]

2) KIEEORZA TIZBIT 5 CO HEHIFRER[13] (Table 7-1)

3) 2017 4 4 ARER TR L CW T JUNE D OFR, RALKRT A, Al kI 13EEOK
A& L FE¥E[14] (Table 7-2)

£7, D& 2B AN OEIRIC K DHEHREE T Lz, KIIFEEIC L D P RENE
FIRSONBACKIRHT A TR 5728, 3)& DIZBIT 2 KO EENLHEE LTz, 7ok, E
FRIENLIE Table 7-2 (R NEE L, HECHWIRIIZ 2017454 H 1 B/25 20184E3 H 31 HETO
VAR & Uiz, JUN= ) T3 E LS OBt b KB EZA L TWDH, Th
LOFELEE LT,

Table 7-1 SR TR HEHFREL

Type Coefficient [kg-CO> / kWh]
Coal 0.864
LNG (Combined) 0.376
LNG 0.476
Oil 0.695
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Table 7-2 Type of power plants

Maximum
Type Name Commencement Capacity (kW)
generation (MWh)
Karita-1 2001 360,000 324
Reihoku-1 1995 700,000 630
Coal

Reihoku-2 2003 700,000 630
Matsuura-1 1988 700,000 630
Shin'oita-1 1991 115,000 104
Shin'oita-2 1991 115,000 104
Shin'oita-3 1991 115,000 104
Shin'oita-4 1991 115,000 104
Shin'oita-5 1991 115,000 104
Shin'oita-6 1991 115,000 104
LNG Shin'oita-7 1991 217,500 196
(Combined) Shin'oita-8 1991 217,500 196
Shin'oita-9 1991 217,500 196
Shin'oita-10 1991 217,500 196
Shin'oita-11 1991 245,000 221
Shin'oita-12 1991 245,000 221
Shin'oita-13 1991 245,000 221
Shin'oita-14 1991 459,400 413
Shinkokura-1 1978 600,000 540
LNG Shinkokura-2 1979 600,000 540
Shinkokura-3 1983 600,000 540
Buzen-1 1987 500,000 450
Buzen-2 1987 500,000 450
Ainoura-1 1983 375,000 338
Oil Ainoura-2 1983 500,000 450
Karita-2 1982 375,000 338
Sendai-2 1985 500,000 450
Sendai-1 1974 500,000 450
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B COy PEHRBOERMER 2 25 L, EROATOEE N FMMIIR LTS WEER
Lipolz (Fig. 7-1) » BERLAFIIFRENKE L, AN LDBEBEBENEMT 572, FHxt
MINCHARBET RV —DEERDNNSL ozl tE 2D, o, #iE L7 1 M
Db, EHEVEIZS H 14 B 14:00 @ 0.096 kg-CO2 / kWh TH Y, IxbEMEIZ3 H 19
H 0:00 ® 0.560 kg-CO,/kWh T ~7-= (Fig.7-2, Fig.7-3) . 5 H 14 HIZEMOMENEM D
ALV LR, KT EIZ LD ENIEFICRENoTo B BND, LT,
3A 19 BiIZ—HZE L THENENP- T2, BRSO HEMRET LY —IC L DHER/
Ihol LRI ND,

DX DITHRBUIC L o T CO HEHREIIR & S EHT 5728, IRIRFERIIZEIR CO, HE
HERE A B8 LB R AR TH D E B2 HD,
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Fig. 7-1 Dynamic coefficient of CO; emissions (FY2017)
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Fig. 7-3 Maximum coefficient of CO, emissions (March 19th)
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7.3, GEEHIE

R AT LTI, KM (22:00~8:00) ®HFHBAHF (8:00~22:00) LV HESINLENT=H
WENCEBELN 7O D (Fig. 7-4) , 22 BRI/ D L KmBHEO RN R bEL< D LD
RARPENRE SN, WMEILRDETERIND, 7ok, BRICEERENRZE LIZHAK
RIS L BN ERR AT O,

LREOAH

N

=AY

HEHD BN T A —Z R ES D720 THlRERFIE & LT, HEBHARREZ

Z8WFLRET HRMIEEL T —ARAXT 1 Oxtg & Uiz (Fig. 7-5) .

180

t«— t+1

—
—»<_t=22:00
No Yes

Residual heat > 30%

Partial load is set to
achieve highest COP

t+1

|Start to charge heat | t e
-~

No

| End to charge heat |

\i
Partial load is set to
achieve highest COP

Start to charge heat

t—t+l

) 4
— o Yes

| End to charge heat |<—
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7.4. Carbon Activated Demand Response (CADR)
ERFZIE B 28R CO, FEHREAZ BB L, COHE &% /M7 5Hl4# (CADR) & A

HICRET 5.
CADR T A HEHREAS /N S OBICHIAL, K& VIICHAT 5 2 L & HIgT, L
L, B AT b & L CGHENCRE BHET 5 72010 1E, HRHIRE & B, AR S

T v A BRE LTINS AR D N B D, B AT, EEE DN ORISR DS B8
To&, WHREORAKADIRENMIT L, mEb&iIR#EELELTLE S, £, KEREDN
ARLTWDITE DD 5 TImEEIBE L2 nWiEa, “REKIREN A U TENERE
~EREE KT L TLE 9,

MERIT LD & 9 e AN BAREZ B STo D I FANcHl#E e &y 7 S, EHBRT
WHEESNS, UL, BAZET2AMLEIN CO JEHAEUIH L, REAZEET 72
INORRU AT DINbORT Uy W ERRIRICEHE S E LG 2 ETTDZ LIRS T
AN
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7.4.1. Model Predictive Control, MPC

Z 2T, T /LFHIEIE (Model Predictive Control, MPC) % U 7= ¥4 i 0D fii il 181 %
CADR & LCH#ET 5, MPC &1, AT AOTRIZEENC IS 2 kL OFIBIA ) % 078
T57 40— MRy ZHIHFIETHDH([15], (LFT T hEnoleF mi AEEIZB N T
1960 X225 MPC Ob & LR DT AT T HFELTEY, SATIIAS AL TS
[16][17], £D—FT, ZERHT AT KMIFEME L AT LA TH O ARDBRLAEET L Lo 7
BPEZ o720 MPC DENAES TIERD - 7208, FHEMEVERED M) | b £ - TREEITRK
NISHFGEDN 72 STV 5 [18],

MPC TlZ, ET VAT LET VAW TRERH#EREEZ KDL (Fig.7-6) . ZOT AT
LETINCE 3 BICTHELIEV AT LAY I 2 b—a vk, fililEE KD 5 i besc
I& Particle Swarm Optimization (PSO) % V7o, AR THIVUTHIEHEZ EEO T AT LITA
T 50, ABRFCITEEIZIZE > T ARWEDHEED AL LV AT LAY I 2 L—v
3 &Lz, o, FEIZBWTUIET NV EEREV AT L L OTRBENFIET D720, ZThaifl
T o2 ENFETHDH[19], LoL, ARFTIEETEYE S AT DBV TR 27
Ly Ialb—ra rEHWEMPCIZE HERREHEONREELHFH T H7-OICET LV EEY
AT LOTHETER LN & & Lic, 08, SR AT LV Iab—va 20 s 2
& T, R OERBIRFCRE ) 2 Hi 58 (REE) ZMEICRIT 52 LR ARRICRD LE
A Hd,

MPC CiE I (Prediction horizon, Moving horizon) % %7 C % ORI T D i fiE o
26, WRZIOW OBz 5 (Fig. 7-7) o ARETCIIHIEE N2 2 FFE & L, S8
10:00 |27 > TeRH BB i OYRR 2 BAAT 2, PRERICE T DT 2 RFEILAN & LTl
[ % (t5+2):00 7> 5 (4+48):00 £ TD 46 KifE] & L7,

BAEABIIm O FE (On/Off) & L, MBEARHICT 2 72 DI B L% 2GR (TR1-
TR3) 3 BT X CHFERHIBE £/ I3E LT 200 L Uiz, 7ok, FHEITA OB AT A
(IREE R TR 33 EN D05, ARETIIBREAI RIS Uiz, AR =RITm Al
KATIREDD COP B bR 25 LHWEINDI DL L, HHBEICITHET HmAKAR
TRMHEIKAR Y TRARMEIEVHIE SN D b DL Uiz, ARFHIIRIT B HIEES 2k
MTHLDIE, WHELHEIIRIET L2 LIIHELIRNTEZDTH S,

MPC % FATT 572 DX EOHIEE L L v & ORI Rlfit 2 R T o LENH D
72, =2—I0Fy T =22 Lo TETFAMER SN DHENH H[20][21][22], LA
L, ==2—J /%y NU—2\21%, FET—XIZEENHEHNO ATMETO AR 725t 5H
MAETH DL E VIR DD, ZOT-dfx 2R EMETEL 9 5 VAT L%¥# & FhIC
BHLTHFET 2 LT O0ERDH DL, RV AT LAZBWTEER TR LN
B B RIN =D DY AT NIFAET B8, FET — X ORI R & 7 —
ZEPLELIR>TLE I LD, =a—TF 3y MU —7 OFHIZRER 72 #iH O w I
LEDLRETTH S,
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Reference (minimize CO, emissions) and constraints

AL

O%)I?ISnCI)Z)er Control Control
input System output
/L System model (simulation)
(simulation)
Feedback

Fig. 7-6 Structure of calculation in Chapter 7

Past | Future  The amount of CO, emissions
> during prediction horizon

)

Adopted in the Adopted for the Optimized by PSO to
previous MPC next control minimize CO, emissions

|
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Chillers
Off On
7

7, +2h t +4h % +6h % +8h t +A6h 7 +48h
Present > ~ 4
=1) Prediction horizon
i (=46h)

H_/
Optimization calculation

Fig. 7-7 Concept of MPC
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S BIT, FOBEEORERFZISNT, mEECEAKIREICET 5 REA 28T, FHRA KL
BEAET D T2 DI LT DfilRISATF 2 5 2 72,

1) HEEGE L BV ORI DORRELR 1%L T LT 5,

2)  CRSTKIREE GREME 7°C) 1%, TR SO 2 KEHE T 90 4rfHLL | 8°C % LAl 5
WD LTS,

3)  ERBEO RN AR 2N TR ) D 2 RFfEC 90 23R LA 7°C &2 TR B 72206 D
LT 5,

4) 2), HEx L LI ST, THIEIR SO 2 FEE ORI ONEEED 0.300 % FHE]

%6, IIFZOmHEEZ ON &5,
5)  IRFEKIREEDFIRBAGEEZ NG 48 FEH D 5 6, 10%LL T 8°C % LEIH vt d

Cljj‘ZDo
6) HTEHBED BN CHEE M EHEBIMEREZ 5 48 B D 9 5, 10%LL ET 7°C 2 Tl 5
AR NOWR S

FERTEM O TRNITREAZENBET S, £ ZC, MPC O AJJEE L TOTHIEARN &,
FEEEOHIEN I AN & ORICREEN WIS (Casel.0) , THIENR O I3 FEEEO A X
Db 10%KEWGE (Casel.l), THIARO G REREOAR LD b 10%/) S WI5E (Case0.9)
DI —ARART 4 54T o T, VA TIIE 24 REfESE &£ CIl2BE LTI E < omidni 7z i,
ZNHOTHIFRZE (Mean Absolute Percentage Error, MAPE, Eq.(7-1)) 13 10%f2% T 5[23]
[24] [25] [26], L72>L, AMFHTIE 48 Kl o FHIART 2 AW 5720, 48 i o IR
I 72 LB 10%REITH D H D ERE LT,

N

1 v — v

MAPE = —z |YL y‘| Eq. (7-1)
Nl i

Where N is the number of forecast results, y, is the actual load and }'I\l is the predicted load.

7%, BRI REIC OV T PRI & EFR L TRRZEZ G- 2 RnWZ & & Lo, KERITK
RFE BT HATEAN L FRICREZ BRI XX Tlxd o0, KRHERERLEN
HEEOMHSHIEEZBET D L, TRIROMZEREEOZRNEL L CHEEZTHLIEYD
DHET 2 LW TR LY BRIELEZONDTEDTH D,
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7.4.2. Particle Swarm Optimization, PSO

B BEfcii{l (Particle Swarm Optimization, PSO) |3 fif A R T DA X b a— VU AT 4
I AFHED—DOTHDHRT], AXba—URAT 4 v 7 AFEITITERHT LT Y X L

(Genetic Algorithm, GA) 72 E3 & Ei, RO 218 2 1T & i 2 S~ S8 5
(28], UM ZT- Lo & 2 ITMOBBEKE T T 50, REMOT X CTEMRET 5t
TR WD ERE L L LTINS, £, THFRITE I Ea—2RBELL T,
AT A DY RO R O FHERE I MEERIC A B 5 2 L IR S TV D [29][30], D
728, ARETCIHIREE R Z2 DO RBIED I L LA, FERANC IR EE S LK Al fE
52 b S D,

PSO T, ki ONrEx & EE v Eq. (7-2), Eq. (7-3)ICEWEHFSIND Z & T, KRN
PRERZEFNC B W Tl b AR D BWAICINR T 5, 7235, Eq. (7-2), Eq. (7-3)®wliX 0.75,
€1 & clE 03 ITRRIE STz, AEICEIT 2 BRBEEIT THIBIMICEIT S CO HEHEE LT,

Xe<x+v Eq. (7-2)
vewv+ o (X —x) + ey (fg - x) Eq. (7-3)
Where x is the position of a given particle, v is its velocity of a particle, w is its inertial weight,

¢, and ¢, are acceleration constraints, 7; and 7, are random functions in the range [0,1], X is the

best position of the particle, and J’Zgis the best position of all particles.
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ARET IR OA 16 & L, KifOfrEx% FRIIE (46 FFH) (230F D mEEE DI
17 (1X23 D174, 1 2848, 2 2151k) & L, x&2BHT 58812, &b CoO I EDZ
30T A LIHEHLEL, &b COHEHED/NE W L 4 DDZED 1% D & (2L
WLl L7e (Fig.7-8) o 7238, —[EIOFEEIEZRIZI W TOLE O BRI 50 [B1 %2
FRRE LT,

AREDORIEIZBNTE LIZRMIE, ZbRT25 08 M TH-7z, MWz PC T OS:
Microsoft Windows 10 Home, 7 & v ¥ Intel(R) Core(TM) i7-7820X CPU @ 3.60GHz, 3600
Mhz, 8 cores, AEV:64.0GB ToH Y, MATLAB @ parallel computing toolbox Z |/ L 7=,

v

Update positions of
best 13 particles

'

Randomize positions
of worst 3 particles

!
Predict CO, emissions
by system simulation

Initialize positions -
of 16 particles y
|Evaluate CO, emissions |

——Termination criteria >N—o
Yes
End

Fig. 7-8 Particle Swarm Optimization
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75. R

SIRHAE O 1 BRI T HRERTIE L CADR OFRRE B4 Table 7-3 1R T, 728, CO,
PEHH & & VB E ) BTG O BAARE & & TRFOBRE R EZ BB L CHELTTo 72, #
H& LT, CADR (Casel.0) [3HEkeTiE (22 BB EBAAE) 12K LT 46.77%0 COy HEH &HI
B R AN, £, HEEHEICE L TH CADR (Casel.0) DI NRERTFIE (22 B
HEBRA) 1T LT 2.55%HI S iz, FARKIREREME Y bRMOGAE W=D, BRI
% WHASDBEE 95 CADR O S MPEEE NI T 5 & FRINN, TARIREDOLEE
D/INENZ SN, MEEERKR 7 ORI TR G KPR ELNLD Z & T
WK—AR L T OB BEIE SN lodZEEZ b,

CADR IZ51F 5 PG &2 L K &7- 7 — A A X F ¢ TlE, Casel.l 28 Casel.0 LV &
LT DD 8 RFEBBHIGD 7 — A LV b UEN e STz, 723, Case0.9 D COr PEHIEM
Casel.0 X 0 HHIKS =B IZSWTIIHIRT 5,

Table 7-3 Results for the target week

A: Conventional |B: Storage | C: CADR | D: CADR | E: CADR Ratio Ratio

(storage from 22:00) | from 8:00 | (Case0.9) | (Casel.0) | (Casel.1) | (Dto A) | (DtoB)
Supplied heat [GJ] (=a) 919.6 919.6 919.5 919.5 919.5 0.00% 0.00%
Residual heat storage 249.7 223.6 | 1886 | 179.1 | 1387 - -
at 0:00 June 4th [GJ] (=b)
IResidual heat storage
at 23:59 June 11th [G]] 238.0 215.7 195.1 195.2 238.3 - -
(=c)

. 5

€02 emissions [10°ke] 25.24 1549 | 1351 | 1385 | 1550 - -
(=d)
Revised CO2 emissions 25.57 1563 | 1341 | 1361 | 13.99 | -46.77% | -12.89%
[10°kg] (=d*al/(a+c-b))
Power consumption 51.2 50.2 509 | 5139 | 563 -
[MWh] (=e)
IRevised power
consumption [MWh] 51.8 50.7 50.6 50.5 50.8 -2.55% | -0.36%
(=e*al(a+c-b))
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RIIBT DK —AD VAT AREOWEET], KEEE, “WEHGEE% Fig. 7-9
2D Fig. 7-13 (\RT, BB RKE WERFRHIF MBS BE L TV SR HE TH D, 1t
SerlfEI D 22 BB EABR A0 8 REEEBHAACIX, MAIMICE RN 7o S CTEBWE TS &
725713, CADR D% — A TIXHEHFRED /N S WREFIAHIC BBV E 1, HEHARED R & WO
WSS LT, M FATET 5 & I REKIBEDOENN A B DD, RN @ \OEE
A AE SN D & WV o TRBBITRET ST 2, 2088, TIREEKIEE & HI1E9 2 S 4
R O —ANZITTE & 2 HIEH T 2 0 ED 1T BT RN 2D, R BRI AR
DS DEKDBEVITETHNATLE 9, TO7®), FAICL > T — &AM EIEZ I &
D EAKIRED 5°C <> TLEIN, ZOHEIIT AT LOEE FBET ez
FREALEHRRERNZEELE Q13.3K)

CADR D% — A TiX, AffF IO TPHERZEN 20 ERGE L7- Casel .0 12X L, %
BRE D b/ S < FHMIT 5 Case0.9 TIHFRERED/ NS WM G LTz, FREEEN /NS L
725 NEBWE & R RIBRIH T 5 2 L1272 0, HERAREUTIE U X 0 Zelik 7 2 A 8 A3
ITONDIXT TH DN, Case0.9 TiL6 H 8 HRIUIFEERENDITIFTO 72> TEY, Th
PEONERRBERIRE & B Uiz, L L, WAKIRGTREE D B4 7272 B I m i 2 48 L 7=
7o, BHEIRED BA L CWERIZE < IZ bz, R EIMICk T 5 COox Hhiti =i
Case0.9 D53 Casel.0 KV /NI o 72Dy, K E2EEA 5 & Casel.0 DRFIZ XV 16 B 77 il 4
MWIRENT L BT ENTE D,

F77, AMEEEIY HRKEFHIT D Casel.l 1E Casel.0 (Zxf L THAEZEE N K& VME
MG LN, THRIBIBICRWT, X0 BEIHLET &L MPC IZBWCHIBI SN 72720 Th
%, Case0.9 &I FHIHBNE DR BN RLBNTHD T 2D 2 & THEMBGEERD B MK T
L, COHFHEITHML T LE-T2 LB I BN, LM UKKRE LT 8IRHCHEEAFMMT 5
Ar—21Zx LC COr BEHEITHIBAE 1 & o 72 72 D AR TIEIT 10% D At FRIFR ISR LT
LHENTHD Z EBNbhotz,
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Fig. 7-9 Results (Conventional, storage from 22:00)
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Fig. 7-10 Results (storage from 8:00)
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Fig. 7-11 Results (CADR, Case0.9)
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Fig. 7-12 Results (CADR, Casel.0)
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Fig. 7-13 Results (CADR, Casel.1)
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76. BRLSEBEDEE

RHRERER LY, 1229 % CADR (T 10% DA FHIFREIIK LTS CO HEHEDHIRZNR
LD ENREINT, 2L, A TFRINEREL D b/ hSWHICERELS A LTESA,
RERERRICEDMIRRED EANA U, ARFT CIIEEAEANRICL VIREN LA
L=, 722 BImB3 B E L7290, IBEN EF L QW R ITE» -7, UL,
PRI ER 28T 7o W AT AOWENE, FREBEN/ NI WRRC FHIA MR 2 KX <
AL E VST RBVLETHDL EEBEZLND,

AREETIX MPC IZ K D IRRFEHIEOMNR A ERAT 22 2B E LIz, RFEEDIE
IZH 7> TUTTRAM OBKRNREEE WS T2ETT VO AIMEDOREER EL, I al—
v a VNOBERET VR EBEOBSRFEINGE ST 5 E W) B TOET VAR ER E
DRLENZIRDEZEZ DR D,

AETTRG L Lz 6 A RAITEFROREY TIIRWZ AT RE < vy, £
D—F7T 6 HDHHREDOZEENL 7, 8, 9 A L WomBEFITRLTRE W (Fig. 7-1 &)
HEEN 2 A OAMAIZIEIEA 2720, *IGOEIXEEWE & i KRG © & 2 172 & v
2B TN EAMNPREL 2D LEBROEENAE L, PEHARED K & WA m R
BEBE ST UNENEL D, £, FREBOLE#B N Z S Z /NS N ERFIEICLD CO,
PEHEHIEZ R G /NS o T LE 9, FDTOARFIEIC L DEROIERFZL S 2 W
I 2 7= DITITFEM E L ITFH L OFHERLETH D,

TN ORE ESPERIRFILOKRERBERTH D Z L Rbnoiolo®, RN LB D
FTe BT EEMSCHAEL R BIER L, &R E L TORREDREORT v L EH
HT 25 Z EMNABOBETH D, TDOHIZIE, T MLO#HEZ ARFHI I 1T DR A
T APBZESMEZDTLER S AT AR S DI E TS 2 M ERNH H, S HIT,
JEEHEOEEBELEE L-RIEHEEIT) 2 LT, BEEORBHEELZYGTLZ Lok
VMR FHIEAEBL IS E B2 B,

AIRFHE D OB-MEXNRE LTcb D Th D, AREFILENE RN TRBUIZ 0 H
ENFHAICHATMREC RV —DEARBN EOREIRT 0 HETDZ L5 % O
ThHD,

7k, RE TR L FEICx L, BRI AE M L 32 2 & CEIMIKHKEIZEL D
DR ~D XS F[HE & 72 2 FERAIICIE A ATRE = /L — O BATK T XL 0 85 CO, HEH
FRH L BIMIREILHBIBIMRIZ 2 5 2 E N PRI N D 12D, RFEOEBEIMEEIZIES VT
HA~DIEH bR SN D,
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7.7. IME

ARETIE, ERWEZFENE LTETLIEEIT A OBJRY AT 2% 515402, 7 AT
I 2 DN T AR SR B 3 B it 24TV, BUF O % L& 15372,
OB COr HEHIFRER DHEE

t%t%ﬁﬁfﬁéﬂ%i*w¥~iﬁﬂ” WCHANERT 5, TODAENICE
N0 O B UIRBEPEHRIIRZ L IC B R D, 22 THRFEICE T D 1 K I L D%
BEYIZY O mmrf%mg%%mb TEFZMN X B IKIRFE 2 BRI O FLEE %
&7,
@7 VTR X 25K B 3 i

PR D/ NS WEHEZFCRIAT HI121E, =X AX 2R D 2 L BN E
Thbd, €I TAfR LB CO HEHIRERAZ ATME L LT, TR TS COy it
& d/IME Dl 2 ET T 57 L TFRIBIE (MPC) 23X 2 L—3 g VITHAAIAR, 6
A 1B 2B OPEERE LTz, TOME, 22:00 (22 E AT 2 K IEZ UK
L, MPC 1357 47%D B 5 2 15 53172, 8:00 [IZEBZ Bith ¥ 2 B MERIC R L THH 13%
DHBEI R ARG DT, £, 10%D AWM FRIFRZEICK LT HARFIEIL CO HEH EHIROE]
BNDHENTH T,

HBEMSIRMAEZ L W o T2 T OIERRC, R BEA~AKRFENE K LEHE O /AR
RET RN X —H ALK BEOHEEITSHOMETH 5,
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