Development of building thermal environment emulator to evaluate the performance of the HVAC system operation
Abstract

HEEOEMBEPFICB T 2 =R — Il OERED, HEHERBICBIT 5V 2 b—3ya 02b &5 FHIED
O IElET 5 &9 REIL, Performance Gap & LTI TWA, ZOMENEL S 1 SORRKIE, Y21 —v
Y TTRET D L O ICHBERERIIITON T, & AT LAORIEBRELS A TRV EIZH D, ZOH
B, EAEFE OIS+ IATONTORN I &0, EAEHV T LKA OER EB D IZH NV TH RN D
&L RETHD, TLT, NS DOREDRANZFERIL, EW—5AEELTHDT2DIZ, oY) & DA
B Ko THEAHRE L E 'S TE W LIZH D, T TARMIZETIE, BRRBEGRE I 21— a v
EFTNEAWETI 2 L= 2 EMT 52 LT, @EN DR A ERIICHHET 2 HIEEARET 5, ABFFET
. BEHREDA =T =2—AL LT, BACnet Z V52 LT, Y7 FU=7 L LTI alb—H aiEg
T5H, ZOEDOTaTTEEFRy FT—7 OHEEICOWTIET S, £72. = 2 L—#|Z Occupant behavior
model ZH Y AN D Z LT, =x/bF—MREZ Tid7za < PREMEIZE LT b EMERE 27 4~ 2 ik 2 a3
Do BBIT, ZRAX—PEEE L PSEMEIC DN T, R — FIROBLE D DRET LR RICO VW T LGS 5,
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2. Review of research related to emulator construction
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Fig. 1 Building emulator used for control system evaluation
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3. Implementation of BACnet communication function
3.1 Program structure of real time communication
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3.2 Network configuration of remote communication
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Fig. 4 Network configuration of emulator system

4. Building operation evaluation criteria
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Fig. 5 Computational flow of energy consumption and indoor comfort performance calculation
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4.1 Evaluation of energy reduction
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T2 b —H[XEq3IlbESNTERK, A, KO—RZFIVFX—HHEFHET S, T 2 TR [MI/KkWh], R,
[MJ/m?®], and R, [MIm*ITZNEN— RNV X —WREH TH D, T b OMEILE & gz X > TR 525,
HATIX R.=9.76 MI/kWh, Rg=45MJ/m3, R,=8.5MJ/m3 MMEbiLd Z ERn%\,

Eprim = ReCe + RyCy + R, Gy, Eq.3

TRNF—HEEOBENZ2HE L, BRAZ2ETVOHE L KENED, ZOE THW AR
57 A 77 U (Togashi 2016)IZ 4 LTI BESTEST |2 & 2 ##7lE A 1T - TV % (Judkoff and Neymark 1995; Togashi and
Tanabe 2009), F7=. % AT LDOFHMREEIZE LTI, SHASE HA N7 A > CTHEEZE1T > TV % (Ono, Ito,
and Yoshida 2017; SHASE 2016), D3I 2l —3 9 VETIICEEND T R—R 2 b OFFEER M O
Z Table 1 12" T, ZAUHDE X Table | OZZRICHEH SN2 L HONTZET L THLR, Fxld, =
Ralb—Z L LTHWAEODIZEIZ2 2OHAELAZEBEM Lz, 1 DI3EEE X7 MEEEOFETHY, 91O
LRI OB 2 R DR TH D,



Table 1 Summary of the calculation method and the features of the component models included in this simulator

Component Outline of calculation method Reference
Absorption Identify the operating point on the Diihring chart by calculating the thermal | Togashi (2016)
chiller properties of the lithium bromide solution. The theoretical double effect absorption
refrigeration cycle is expressed, so that the influence of the change in the temperature
and flow rate of cooling and chilled water on efficiency can be estimated. First order
lag is added to the static model (described later).
Air heat | The model is based on the performance curve. The structure of the performance | Togashi
source  heat | curve equation is derived from the equation of the theoretical coefficients of the heat | (2018b)
pump pump cycle (COP=T. / (T)-T)). The equation includes the outlet temperature of the
hot and chilled water so that it is possible to express the influence of simultaneous
fluctuation of the temperature and flow rate of water. First order lag is added to the
static model (described later).
Cooling tower | The model expresses sensible and latent heat transfer based on enthalpy potential as | Donald (1961)
the driving force. The Number of Transfer Units (NTU) method is used to determine
effectiveness of the heat exchanger. First order lag is added to the static model
(described later).
Pump and Fan | The characteristic of the pressure rise is approximated by a polynomial of volumetric | Togashi (2016)
flow rate. The power consumption is calculated from flow rate, pressure rise, and
total efficiency (the product of inverter, motor, and pump efficiency). The calculation
method for piping and duct network flow will be described later in detail.
% Cooling and | The heat transfer is calculated by switching the heat transfer coefficient for the | JABMEE
i heating coil region of the dry coil and the wet coil. The heat transfer coefficients are estimated | (1992)
S based on the speed of water flow and air flow, which is provided by the
Z manufacturer.
E Rotary  heat | The NTU method is used to determine effectiveness. The value of NTU is estimated | Coppage
regenerator with Coppage’s formula. (1953)
Bahnke (1964)
Plate fin heat | The NTU method is used. Effectiveness was calculated using the analytical solution | Kays and
exchanger of counterflow type heat exchanger. London (1998)
Water  heat | The model is the temperature-stratified thermal storage tank model, which can | Tsujimoto
storage tank simulate variable input conditions (changes in the flow rate temperature of the inlet | (1981)
water). The model is a dynamic model whose temperature distribution in the tank is | Kitano (2005)
expressed by advection-diffusion equation. The parameters are estimated from the
dimensionless number obtained via experimental results.
Damper and | The resistance coefficient is calculated from three conditions: relative position, | Clark (1985)
water valve weighting factor for linear term of flow resistance coefficient, and leakage | Haves (1994)
parameter. An electronic actuator was installed, and the position was assumed to
move in proportion to the time step.
Sensors Sensors are modeled by a first order differential equation with a single time constant. | Clark (1985)
Based on the manufacturer's technical data, the time constant of the water
temperature, room air (0.15 m/s) temperature, room relative humidity, duct air (2.0
m/s) temperature, CO> concentration were set to 50 s, 270 s, 45 s, 60 s, and 180 s,
respectively. The time constant of the pressure sensor was regarded as 0.
PID controller | The model is based on the velocity algorithm, which prevents derivative kick. SHASE (2001)
Wall heat | Set mass points in each layer of the wall and solve one-dimensional unsteady heat | -
transfer conduction using the difference method. The heat flow on the wall surface is divided
into radiation and convection.
Window Solar radiation is divided into direct radiation and diffuse radiation. Glazing | -
properties (reflectance, absorptance, and transmittance) are calculated from the
incidence angle function. Short-wave energy is allocated according to wall and floor
o position and surface area ratio.
E Shading The optical properties of parallel slats blind are calculated based on slat geometry | ISO (2003)
= and angle.
£ | Zone The zone temperature is simultaneously solved with the temperature of the walls | Udagawa
& | temperature using the difference method, reflecting heat flow by ventilation, heat flow by inter- | (1993; 1997)
= zone ventilation, internal heat generation, and heat capacity of zone. By using
coefficients analytically obtained using an inverse matrix of inside wall heat transfer,
long-wave radiation between wall surfaces are also simultaneously solved.
Occupant Described later in detail. -
behavior
Thermal Described later in detail. -
comfort
Numerical Root finding of nonlinear function: Matsumoto
calculation Golden section (1-dimensional), Newton Raphson (multi-dimensional) (1998)

Linear algebraic equations: LU decomposition
Random numbers generation: Mersenne twister




1) Modeling of piping and duct network flow

Haves H(199D)MER L7= L 912, BIEDZL DT 7T ATIE, VAV 2= hOHAEFBEL R TE 5 LD
REEMZR RO T b TV iRy, TRAX - I ab—v a7 u s T ATEEITE VAV 2= b
DUBEREDOERME 7 7 VBT NVICZITET T THDH, ZOXHRETI/LTIE, VAV 2= OB D PID
FEHSC, 7 7 o ORISR T & 220, BLE RIS T 2 7 OfEeR o 7 O RIEEEHIE & [F T
bbH, ZHOHIEZRETT 272X, BIEEOT X TOHROENEZIELFHETINERH D, Zhu b
(1994)<° Niwa ©5(1995)% HVACSIMHIZ Z D K 9 72 ET VA EA LT BOFD &k L T\ 5, ZDOET /LTI,
TRTOHRDES) & TR TOWRBE DI EDOBMRPIEFIE FRATEIL SN D, L, —MRICIERIE OB
oA, BEHEIC L > TRICEIHBOND Z LITRIES LTV RN, o T, AT 2 L—& T, il
R AT O AN PT 2 O C RIS OB A S Lz,

Eq. 4 (2R K D12, W OENERDZEMEGED 2 Tl BT 5 & 370X, Fig. 8 OEFIEIFE & A 5[] # 0%
P Eq.5 & Eq.6 THEAETE 2, ZHUTMBHIHIREHRE TH L0, BEIFEDL LRV, ZOEGEMEZ Vi
IXEHER P 2 L T X 2, ZHUSRTZRECH L7720, EEENOEOEEIZE L2, ZORB%
PEZ AU EHE R B & flils b T & 2,

AP = RQZ, Eq. 4
R1+2 = Rl + R2 Eq 5

2
Riyz = 1/(J1/Ry +/1/R;) Eq. 6

Ri
m Rl RZ
—0 o —» —+o0—W—W—-o—
Parallel flow Series flow

Fig. 8 Parallel flow and series flow
Bz X Fig. 9 1 ZALOERED X 7 M TH Y | Fig. 10 1 ZZEEFEOHEE TH D, XV A—F DR X7 W&
MM CRELT D & Fig. 1112725, ZOFEE Tl 14 EFTOEIS D EINT DV TIERIEENL TR A iR < LEEN
HoHI, FAMESTE W CRIEZ ST 5, VAV-6 DIEOZ N ENOBPUTES I A TWD 72, Eq.7
TEMBHIAEON D, SHIT, 2 O%MEHTE VAV-S 2 5 iEiIXIESNICIE 5729, Eq. 8 THMkH 255
b, [A CALERA D KX VAV-1 726 VAV-6 £ TOEMBIIAG LD, 2 OEMMIKIE > T Fig. 11 &
G+ 5 & Fig. 12 705, REAEEIT 140006 SIZHD LTEY, BEHAEOREENKE M ET S, BER
FEREIZ DN T B RIBROLEE 21TV MG K o TRIEROEZ TE 50O LT b HEF R 21T 5,
Rig19 = Rig + Ryque + R1o, Eq.7
1

(\/1/R18—>19 + \/1/(Rvav5 + R17))2
[ B8 & i < BT, D ERMERICT 2 H1EE | MBEERAELIZT 2 HERS D, KETNVTIREN %
KT DHEEZH W, 22T, RICEq.4 OEFURI R 23012725 &, Wi Q DWERKIZHEKT 5720,
EFHER KRS D, (> T, RIZ0 XV B REVWEIETH D EIE LTz, AIERITH D H L30T O E
25100% CTh->Th, BHFOEIINFEET 2720, O L) RIKEIFBRFELEET D,

Rigo19 = Rig +

Eq. 8
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Fig. 12 Simplified equivalent resistance circuit network of duct and AHU of north zone

2) Calculation of the dynamic behavior of the equipment

B O E) LZIED X A I 2 7R, PID #0037 A — 2 ZOWTIRET 24T 5 72O, B O BE & L REH
BNERBTOLERS D, KT 2 b—ZTIX, ZRNENORMOFHIIET MK BED/NT A —=F % MA 5
ZETLEQY TRENDEIITWENERBL LT, C[KIK]., m[kg/s]. ¢, [kI/(kgK)]. T;[K]. T(®)[K]\ Tums[K].
K [kW/KIZENZ L, i OBE R, KOfia, KOFEELE, BMICHAT 2KOMEE, 5N O KD,
EAE O JEFRADZERDOME, BHEIRETH D, ZOWME TR EZMRITIE, Eq. 10 855415,

dT (t)

C—E?—=1n%(n-—T@D-rKU;mb—7(w) Eq.9

T(t) =A+ (T(0) — A) exp(—Bt),

_ mcpTi+KTamp

A

mep+K Eq. 10
B — me+K

c

BEORMIZEA LT Eq. 9 Z1E0 . ENEMY TR EME FiEL L0, SHEPEMC D720, Ao
L — & TIXEHIC Eq. 10 OFHERE R 2 BRI EIRR ATpass [sec] TRATET HikL Lic, 72720, Zhldm & T %
ERE IR THETH L7720, REBEZZ I ESTRABBARE T 2561203, FRENIEKRT 5, £2 T, #&
ZENFEFINIRE L 725 & TSN D EERIT OV TREFEIAIRG & B 2O R X SORRAFR Lo, Ziud, HiEike
WHEEDMEIE L THEIKR > T OB T 5556 TH Y, 32 °C & 37 °C OHBHAKPEEIZIRS D G0 hH 5
BT 5, Table2 IZFRAED K E SHERDT-DIZERE L=/ T A —F iz rmd, b, WSS 27
LSBT 572012 30 HFRE DKM 237005 L ) iRBR & | WIEEFOEINER 2 b LITRE LB TH D,
Fig. 13 [ZIRBEMAE DS URFIHIRIR & i HAGREE O FHERE RO BR A R, 2I3m ok & m A ot n o KIROHER
THY | ATpass=360s & ATpuss=1s DGFEDFERTH L, MbHond Loz, RS RE WS, #EIhz
BRROIRENERTHD LARENDTZD, ZO LI ITREEEARKE WHAICTHERRER AL E LD, A
B XREE EIRE A 360, 180, 90, 30, 10 s &, O L TV o 72/ DR EMB RO TH S, FFHEEZ/NE<T5
&L RHERERNZE L, MR LT, R Z 1s & LA & el L2 PRSI, T2 0.95,0.53,
0.26,0.08,0.02 £ & 72 o7z, £ Z°C, AFFROET L CIIRHMRA 10s & L7z,

Table 2 The value of the parameter for checking the magnitude of the error

Parameters C K mep Tamb

Chiller 114,270 kJ/K 0.89 kW/K 160.5 kW/K 35°C
Cooling tower 8,929 kJ/K 0.14 kW/K (const.) (const.)
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Fig. 13 Relation between value passing time interval and cooling water temperature calculation results

4.2 Evaluation of thermal comfort

BROEY T, RAREIIZERNICAY —THY | FHMICIIHECHE TH D, PHEEEIZOL D 2ZEHO
TABEIT 5720, HOOREEOKEITBN TH L5, £/, £ oL bREMOETIIPHE ZL IR R | |
BN & 5, o T, Ptk 27 i3 2 7212l 79 A — 2R 2 B 28X [[]% | stochastic occupant
behavior model ZUETH 5D, & HIC IMBRENZE T 255 DIRGEHFEZ TR TEDLET ANRLETH D,
ZOFT TEGEE OEBIME S RETE 2T UL 5780,

1) Occupant behavior model

BUSEITENCEI L TIX. IEA Annex 66 Q0I18)NEED I OMIEZ L L THE L T\ D, ZoOHETIE, H
#fi72 Occupancy E7 /WA T, BOHACIREREMOEE 2 L, BE L occupancy & DHAEBEDET L
SN TWD, HIUREREDETIZT RNV F—HBICREREELFOLPHEIND, LrL, Z0XoRk
T =X DOIEIT 2010 FRUTIHEE 72300 TH D7D, EEREREET VICHET DHEIRIZ L A TP T
V72V (Langevin et al. 2015; Gunay et al. 2017), 76> CART I = L—X 2 A7 AT, occupancy &7 /LD A% E A
T2, ATIa2b—F T A7 LD HVAC [FPREVES X TH 228, PHEMNREREICHRZ > VRV v 27
LOYER LR, IEREET NV HEATRETHA I,

ZOETIMIBHE D 2 SOMERNZITEZRIT 5, 1| DITEW~DOHAD THYH . b9 1 DTEHNTO
BE#TH D,

B ~DOHAY BT 2ET VL, HRTITOIE 1,000 AD7T v — MERIZH LS Tnd, KET LD
FEMEIZREE L CIX, Togashi (2017; 2018)% Stk K, AET /L CIIIEK DIRESRLNEE 2 812 L Db N
TENRBLTE 5720, WUERAM CORMOEN 2R R T 5,

BN OIREEREL TR —TlE Wiz, PJUEE N E ZITHET 200 b ET UL T 208 R HDH, K=o b
—Z TR Lic~v a7 ERIT, 20X 5 2BEICET 2RI ET MEDHIETH S (Dong et al. 2010;
Andersen etal. 2014), AET /UL, [MLOEE L OFTHEDOER] & THKOMIERM] &) 2 DOAFR
BHIREMIZE L DNTNNT A—=Z 2T 5 RICRER H 5,

ARETNVTIE, BHEHIESIOT T2 FAORZBIT L LIRET D, 7T FADY = OFEN L L, §F
HmiZBWT, nBHDY — NHET DR P, % Eq. 11 OHEBHERITHI[PP] THEAET S, ZZ T, #UEED
TENILL T OB ZFo L5, JEEITZ < ORMZ, BFEAH S — (LLF home zone, ¥RFD hom TH
B3 5) CilaZd, Hoidfrbabioizolco >y — 2 (LT away zone, isTD awy TRELT ) IZBHEI L.
WA R 2 2 DY — T I, PLEDOREICHEAIT, LTDOHETNRT A —FRETE D,

HDORFRITEBNT, FEDY — N2 & EE DR % Py, BIODY —NIBET DR A (1-Py) & L, BEIOH|E
EATORIAD I A DAT v T typ[s]E T Do ZDEE | IRAID Y — U NTHAE AT D R OMIFHE E(tq)1%. Eq.



12 THHE TEZ %, home zone D FHHEREM % Eq. 12 O E(tp )W ARATIUE, KF¥ A L AT » 7128 T home
zone (2 & EFE DHEZE PPhomnon [-1% Bq. 13 TRHHET 2 Z ENTEX 5, [FEEIZ, away zone D YT ERE 2 (X A7
AU, away zone (2 & EFE DHEHR PPoyawy [|ZFITRTE 2, ZHUDITHBMERITHOXNAEFRTH D, BlZIX,
home zone D FELEHAEREH 4 30 43, away zone O FEYHAEREM 4 5 43, FHARFREEIEIR A 30 B, & T AL PPhomion
& PPoyawy (X Eq. 14128 T X212, ZREH0.985 £ 0909 L 725, Eq 1413 — 2 OES 4 T, HHDJED
=TT 2 OLE ORERBHERITHI T S, home zone 75 away zone ~EENIT D HEZRIL, (1-PPhomnon)® away
zones DEFEL TR T 5 Z & CHET 2, BlZIE. V' —10,1,2,3 OEER LI 10m?, 20m?, 30m?, 40m? D
BAITIX Eq. 14 D X DI PPhoma 1 EZ1LEH 0.002, 0.004, 0.009 & 72 %, away zone 7> 5 home zone ~J& 5 SR %,
el THLOD away zone ~BENT DRIV bRV E TETE S, > T, away zone 7> home zone ~JRE 5 fifi 3
PPayhom & —TE L L. £ DML away zone ~BENT 2 fERITIRAEFELIZ S & DWTERET Do PPawiom (3. IR
72 home zone DIFIERFHLIZ G & SWTERIET D, T/ 6, Eq. 11 OHEBHERITHINDORD DL ZENTEDHE
HIAR D Phom DI FEPHAEREFIIIZ — 8T D K 91 PPawyiom ZiHET 5, 121X Eq. 14 & Eq. 15 1%, FHW ER
07 & LIEGEOEEETHY . ZOHAITIE PPanion =0.035 £ 725,

FEROEMAREET VL BONBEITT LA MAGOE T, JUEE OITEN A2 FHAE L2k RO 6% Fig. 14 1TR
T 2 NOBBEEEOTBHABHL TR, LiX7e 770 FOBE, FiX7a T o /4 250 TO 554
Thd, FVy X MR LBMEAVEZLTWD I RN, £, PBEENTIIESOMZHOICT v
FOHET o RMIEHEESTND ZERbND,

[Po,m] [Po,m—1”PP0,o PPo,n PPO,N]
Pn,m!=|Pn,m—1 PPn,O PPn,n PPn.Nla Eq~11
Pyl Pym_idlPPyy o PPy, o PPy
PPy,
E(tsty) = tstpm ) Eq 12
E(t
PPy, = LG Eq. 13
toep + E(tsey)
Pom]  [Pom-1170.909 0.019 0.035 0.037
Pim| _ [P1m-1][0.011 0.909 0.035 0.045 Ea. 14
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Py ) 1Psn_1100.019 0037 0.035 0.909
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Fig. 14 Modeled occupant behavior

2) Thermal sensation model

R H IR PR B I W QR SE 7SV %2 Tl 5720, AT X 2 b—# Tld Takada(2013)DE7 /L% ]
Wz, Bq. 16 BEH L OEIRET NV Th D, FHEFRBGRE 2 7HE3 5 72 ORI BFIR 2T TIER < TR
JEIROMAEZ AL E LT D, £o, R I LICEBLOET I A ORI EZ RHT 5 7O IER
b UTZ IR E T, 2 VT WD, IEHUE L7 FREIREE & 1% Eq. 17 (2”9 K 5 1B L7 RBE D BB IR L Toro
EDIREXETH D,

atan (—TSk‘n — a3> 1 atan (—dTSk/ dt — a6)
4

TSV = 4y +a, |5 + na +as|s+ na7 , Eq. 16

Toen(t) = Tor(t) — Tspo - Eq. 17

AW TIE, A ORBEOEBINEE KRBT D722, BWHSLZ0RIEO B FFIRIE TyolX. Eq. 18 IR T X9
W) e 3K 00 \2HE D IEFRDAT Nusk, oo WZHE > THERANZE L D & Lz, N BEOREHRET 572012
I% Eq. 16 TEHAE SN HIRMEHFEMEZ b L IRl EZRAT 200G 0% TR TERITER 5720, 2 HEDR]
PERHY | [ CIRAEHAEE TH->TH, B TREmMAR I RNE B WD L, BB ILREEN S DD T 0372
TEHEIZ Ko TR ZRTHE DV D, £ 2 TR SMEA L (0) 76 ENFETTREET 5 & Riad RT3 OBIE
1%, Eq. 19 TRT X DS EER DA LN(uinos )\ ZHE> THERANIZEE D & Lz, IREIEH SE TSV O #aeH i
BE 2 N E D5 A I EAE UF (04=0) . B A ERIZGEITIIRMEZ RIT D (0a=1), 7235, AR TIE,
15 B2 S IR (IR MEIR AR O Two-Node &7 /L& IV CEMR LTz, BB & (2017) M T T2 ARD A 7 4 AL /LD FE
BRI LA, BAREIL 0.5~1.0 FREOFEFHICOAM L T\ D, 2 THEEET /MWL, IBBEN M ET5 X9
2. ZORANTERKELZRE I,

Toro = N(thor) 05 5 Eq. 18

thesy = LN (uen, 053) Eq. 19
_ (1 (TSV| < thes,)

8as(TSV) = {o (thesy < ITSV]) Eq. 20



— NO & D OFEE OFEMER) 7 IR AR S EO AL EREOET AV CHETE 5, 612, ZUHBEALE
a2 E B RIBRRET NV EBAET L ENEE LV, T CEHOPBEET V2D LIRS
72 ANl S 2R A% Fanger @ PPD ([ZHAT 5 K91 Lﬁ@/fﬁ A—HEHE Lz, BRI, 7. B iR EL
BREEDOH & T Two-Node BT /VOFHEEITV, EFIRED K EFREZFHHE L7Z, Eq. 18 & Eq. 19 IZH &S T
10,000 A DHFESH ORI BT 2 Frik (%?%&E’JEPJL T2 BEIREE & RNR B ORIE) 2RI S,
Eq. 21 (28 & SW TR REFE R PD #3515 L=, Eq. 22 (27"9 X 512, Fanger @ PPD [Z%}3 % PD DR % fx

IMET DX DT, HE=a2— N AETRT A—F ug, 0, pon, o ZHEE LT2, HEE L7AE R % Table 3 127”77,
_ZNOC Sdsn 5 Eq. 21
. (IPD(Usk,Osk,Mth,Otn) —PPD|
min { oD } Eq. 22
Table 3 Parameters of stochastic thermal sensation diversity model
Parameters Usk Osk yra Oth
Value 33.883 0.436 1.014 0.325
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Fig. 15 Probability density and cumulative distribution functions of stochastic thermal sensation characteristic models
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4.3 Simulation example

AETE TR LIZET A EEH LT, ¥ alb—ya a2 o Rofz2nRd, 2720, §lilzE +oick
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1) Indoor thermal environment
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Fig. 17 Monthly transition of the ratio of the thermal sensation
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Fig. 18 Hourly transition of the ratio of the thermal sensation (Winter and summer)
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Fig. 19 Example of indoor temperature and humidity distribution
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Fig. 20 Transition of zone temperature when the PI parameters of the VAV unit are changed

2) Heat source and HVAC system
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Fig. 21 Breakdown of primary energy consumption
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4.4 Evaluation of energy reduction and thermal comfort
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Table 4 List of changed operations

Case Description

1) Zone setpoint change Change the set point temperature of the zone in the summer from 25.0 °C to 24.5 °C,
and in the winter from 23.0 °C to 23.5 °C, respectively.

2) Constant PMV control Using the measured dry-bulb temperature, relative humidity, and radiation
temperature, calculate the set point temperature so that PMV becomes 0.

3) Heat source order change 1 Raise the operation order of the air heat source heat pump faster than the direct
absorption chiller. Disable water heat storage tank.

4) Heat source order change 2 Raise the operation order of the air heat source heat pump faster than the direct
absorption chiller. Enable water heat storage tank.

5) Midseason heating Change operation mode of AHU from cooling to heating in April and November.

6) Midseason ventilation Change operation mode of AHU from cooling to ventilation in April and November.

7) Water setpoint change 1 Change the set point temperature of the supply water in the summer from 7.0 °C to
5.0 °C, and in the winter from 44.0 °C to 46.0 °C, respectively.

8) Water setpoint change 2 Change the set point temperature of the supply water in the summer from 7.0 °C to
9.0 °C, and in the winter from 44.0 °C to 42.0 °C, respectively.

9) PID parameter change 1 Change the proportional gain of the VAV PID parameter from 0.3 to 0.9.

10) PID parameter change 2 Change the proportional gain of the VAV PID parameter from 0.3 to 0.1.

11) Air conditioning time change 1 | Change the operation mode of AHU after 19:00 from cooling/heating to ventilation.

12) Air conditioning time change 2 | Change the operation mode of AHU after 18:00 from cooling/heating to ventilation.
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Fig. 26 Change in comfort and energy conservation by operation change
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Fig. 27 Examples of solutions selected using a linear combination function

5. Discussion
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