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ABSTRACT

This study measured the indoor thermal environment during winter
at the “Orangutans and the Forests of Borneo” exhibit in Sapporo
Maruyama Zoo and examined the validity of its environmental design
in supporting comfort and behavioral stability from the perspective of
animal welfare. Through radiant heating and displacement ventilation,
the space maintained a temperature of 22-—23°C and a relative humidity
of approximately 60%. These environmental conditions closely
matched the results of CFD analysis, and natural behaviors such as
feeding, resting, and playing were observed.
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Fig. 2 Sensor positions (©) in the facility of “Orangutans and

the Forest of Borneo” at Sapporo Maruyama Zoo

— & Ol FRBERCER R E, BAE TSI TR AT
ZEEAME LBk Ch 5. BEfF O B ikt (e
) ZIEAL, AUl Bk 2 #e L= (Fig.1,2). it
FROIER IR 1,300 nd, £ 9 HRERANIESIT 3 m
(%1400 nt) CHERLE N D . RIFE ST R T 12mH Y,

ATy —2 N FEIIEET A EMIEE S 8m ITERE S



TS, BIE, BENICIE, & (1997 FF8IA £ 4, £
(1999 FEEHRNRAEEN), 1 (2020 FFFLIRA F4L)
DO3FENFHEINTEY, KBl BT iR - &
HINTW5.

AT 100 m/E D RC ESMEEA TIE A L TR0,
FEMHIZ 31T 2 BRI O] & ENBEREE DL E( L & (X
S TW5. gl ClE, AMNERBICEAR S LB IO
EAHIERE ZRE L, BR8N 52 & TERAD
P2 R LTS, S DHIZ, K P EEF) A
L7t — b Fa—7 %257, BUREOHIEZ1T> T\ 5.

T, BRICBEL Y, RBICK 2B, mitk
Z B/ AR LED 7 > (CERAPHIC) Z##E A% = &
T, ZFOHRIEARREM-> TS, AENTLEOBE
I, ENERER, WE, KPR, b, R, B AR
EL, B OREE ABROFIHERA TS, S
HIZ, 1 H3~4 BIOBUKEITH Aa— VB4, 4§
WNOWLRE L REEREEOHEFF A X D & & bl SREE IR
L CEVHBRBE~ OBt A 5 L T 5.

3. HRAE

AWFFETIE, LLF ORI X 0 it 2 Eh L. £,
JERHERR PN DOBBREZIZ OV T, 2025 4E 1 H 20 A6 A
3 H 20 HIZNTT, Fig.2 HFIoRdOOEIN TZE4
RS - FRHIEE Z-#ges ) - Fodk L7-. JEICITZe5IR
B (T&D : RTR-53), /M7 o—T7RE (BEOE LR
CEEE—IICED 1S, T&D : TR-51i) M,
WEH, MRS A (FLIR : C5) C=RNEREm 2 LY
AR LTz, IR L ONEHHSOBR@MRN & 0 CRe
$r L7z, Fiz, Khiaak DFXFHRFZ SN L7z CFD fgtt ofb
FV L, FENENIBERE T — 4 L ORI AT, 3R
DF4ME L LB L A A FRE L 7=

B OTTENMEIEE, 2025 42 H 8~9 H 7 15:00-16:00,
F T =8OR A RBICENBESI 3T DR
FrDIED, B - IR - WL - BE O FH T8 4 bk
L7-. 1TEYOT — X 13BIEE 1 K 2 EREgiEs - fiskic &
VEFL, 1TEIOFEE - BG4 &R Lz,

4. FEREBR

1) ENOREE

Fig.3 75 Fig.6 (2, 202542 H 10 H~3 A 20 HZ
TOHRIZBT 2ENNOLEXIRE, 7 a—7RE,
KHTEE, AR DORRREE A Z L EIUR T
AR, KD —8°C (IR 725 H 110 9°C (e
OFPHCTER) L CW=DIZH LT, BRNOZEKIRE « 7
o —7REL, =2 b T RER (FL1500) O— 47 FT& %
<&, WESDOES, FIIZhHrrvb 53, i 22~23°C

232

------- Outdoor

FL1500 Entrance Area

FL1500 View Area Citr.

FL4800 E side

FLA4800 Wside
FL6000 Sside

Air Temperature [°C]

FL6000 Nside

h o » ©

FL7000 Nside

FL9400 Nside

S

01/2/520C
2ireiseoe

Fig. 3 Variation of outdoor and indoor temperatures

—— FL1500 Entrance Area
{8 —— FL1500 View Area Ctr.

——— FL4800 Eside

—— FL4800 Wside

—— FL6000 S side
FLB000 Nside

—— FL7000 Nside

——— FL9400 Nside

P
90 Lo
Cw plm Pl
2 Ll A
> AT tk‘)al:lil-‘l‘
g o [ :w-.»é’wt#k%m
E ] FL4800 W side
I 4 g
] FL6000 Sside
£ 20
2 FL6000 Nside
< 20
10 FL7000 Nside
0 FLO400 Nside

N
8
N
R
8
5

01/2/S20T

20

T 1
®
> FL4800 E side
g0 FLAB0O W side
I FLB000 S side
2 s . 4 i Y FL600O Nside
2 T REL R I R AN
= Y Vet W Y ““"“'-‘n ™ / FL7000 N'side
o FLO400 Nside
N
8
R
8
5 B R 5 &% 38 K8 R B B
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Fig. 7 Variation in temperature from February 28 to March 2
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Fig. 8 RH variation between February 28 and March 2
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Fig. 9 Thermal images of the entire viewing area immediately
after watering on March 20, 2025
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Fig. 9 Behavioral observations of a mother-infant orangutan

pair (left: mother orangutan, right: infant orangutan)
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Fig. 10 Location types and their usage proportions in a mother
and infant orangutan
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Fig. 11 Types and proportions of behaviors observed in a
mother-infant orangutan pair
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Fig. 13 Effect of MRT on body exergy consumption rate (BEX)

of the mother-infant orangutans and visitors
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the mother-infant orangutans and visitors
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