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Environmental Impact and Economic Viability of a Heat Pump System Utilizing Digital
Transformation
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ABSTRACT

The Ricoh Group, including ETRIA CO., LTD., proposed an environmental management strategy in

1998, aiming to simultaneously conserve the environment while generating profit. The group has set
environmental goals aiming for achieving a decarbonized and circular society and is advancing its
environmental management efforts accordingly. At Etoria's PxP toner plant, various initiatives have
been implemented based on the 3Rs of energy, i.e., reduce, reuse, recycle, to achieve the environmental
goals. Among these efforts, the plant has utilized digital transformation (DX) technologies, such as data
analysis and simulation, to visualize waste heat within the factory and attain an ideal heat balance. This
led to the development of a water-source and air-source waste heat recovery heat pump system. The
water-source waste heat recovery heat pump system has reduced GHG emissions by 363 tons annually,
with a payback period of 3.8 years. The air-source waste heat recovery heat pump system has reduced
GHG emissions by 406 tons annually, with a payback period of 4.9 years, thus providing both

environmental benefits and economic viability.
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Fig. 5 Time series of waste heat from cooling towers.
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Fig. 6 Changes in heat demand for the heating process.

INDHOT—X X0 FRE, LEEGE XY FEEEN
%<, PhRWNCHERBILNATRETH D 2 L B3 b o
7. TRCEYe— R E LTIIMEIRDO
BURFE LMK EN S a~YLa « a7 Ly PR
2fEOHEM 1I-HRZBE L7-. HEM II-HRIZIEAK
H AR EET70°C, ®KH MR FE25°C THEEE 711X
579kWTdH V), AHFETRRONLERED K% B —
T& 5 —JTFig. 60T — X b —FEICBAE N AR
RTDHHAIVTRRETHZ ENHA LD,
INEBRT DI — FAR LTI L DB
ZIEZUIC L DIMBAD ATV v b AT A EHA
L7z,

F72, HEM [ -HRIZEEBIEEOHIR & L Tl
KOBEEALZS5.0C/minANIZT HHERNH 5.
IR TREX X 7 U x 7y MK DM EIT -
THBY, MEKRTHR, 27 V% 7y MZ23COH
HKEZRUGBHAZITH) E X7 Vv vy FRIZIE
23 COWHKNIRS. T D7, FIMERZ23CO
EIK D65 CIAKITIR S 728, KON S
WA 9%, Fig. 71365 CIR/AKE D I E Z I EFH T
IHERBICERfSE LT — 2 2R LIeb D TRKAT
5.0°C/minDIRJEZEA{LTH Y HEM 1T -HR D E R4k
ERET DI E VMR TE .

TV OFFHTOFER N O G & MEEE, B X
OREZELZLTH I NA TV REERIZ Lz v A
T LT, MEEY OMRE, RERESOND Z LD
WTETk.

)}
a1

(o))
o

temperature [C]
vl 19,1
o w

N
ol

N
o

0 1 2 3 4 5
elapsed time [min]

Fig. 7 Return temperature from 65°C hot water supplied
the heating water.

2-4-2  #EEM

FEE DCOPIZ DWW T EIEE O ARV RIREE I
KOV RELEDLDIZD, TOEEEZIT5H. Table 2
TR A DKIRIZ X 2 ZFEHiN O THRICOP T d V) HiE
TOCOPIE3.70 & THIL7=. COPIIINENGE ) % W&
BHTHRLEZLOTHY, COPAFEmWIEEHE = X
NEX—IRNEL, AN UL REL D,
ASEDE — "R TV RAT AEERT HREE4E L
COP3.70IZBIF D =R X —HlIc LD a2 v &Y
VAERA RN URER, BE RN H T RIE3.84F
Elpole. —MEIEAE— MR T - FEBE
=B IOt FEAR AR LY hre— eV

Ricoh Technical Report No.47 40

2025



A —DPEREICRBITDIEAKE— MR TOET L
AL L CH H oG RIEIMIEELS, +ok
BEEEAT D LN hotz.

Table 2 Predicted COP.
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Table 4 Conditions for thermal fluid simulation.
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before remodeling.

The outside air is preferentially drawn in,
resulting in a lower and more variable temperature
compared to the theoretical value.

contour-2
Static Temperature
4.50e+01

4.10e+01
3.70e+01
3.30e+01
2.90e+01
2.50e+01
2.10e+01
1.70e+01
1.30e+01
8.99e+00
4.99e+00

The waste heat cannot be recovered by the
heat pump and is being released into the atmosphere.

[c]

Fig. 17 Thermo fluid simulation results before remodeling.

WZRR L LTSRS 7 M
DIEF, FREERR OB L 0 225800 & AV 2t

CIRAT DR ERF L. Fig 1813k % o
NNBOMEER, Fig 193Gk OBAK Y I =
L—ya UREREART. BE— MR AR
0C LRV HERMmEAEK L. 2k, BEAL
HREY)—IZIRA L, BREMNRBERZGT L2 &
MNA[RE L Ip o 7=,

INERFT BT

. flow of blower waste heat CZ flow of outside air

<3 flow of waste heat within the building <3 flow of mixed waste heat
atmospheric release

Ensure a long intake flow path to allow
mixing of outside air and waste heat.

Position the hea( pump intake
diagonally to allow only

waste heat to be
released to the atmosphere.

atmospheric release

Fig. 18 Structural diagram of the remodeled roof
penetrations housing.

contour-1

Static Temperature
4.50e+01
4.10e+01
3.70e+01
3.30e+01
2.90e+01
250e+01
2.10e+01
1.70e+01
1.30e+01
8.97e+00
4.97e+00

[The temperature is uniform and matches the theoretical value.

Preferentially drawing in waste heat.

[c]

Fig. 19 Thermal fluid simulation results after remodeled.
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Table 5 Predicted COP.

A IBGA TR FiHlcop

% (5°C) 2.98
2 (30°C) 3.48
WA 3.23
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Fig. 20 65°C hot water profile before and after heat pump
system installation.
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Fig. 21 Temperature profiles of the production process
before and after the introduction of the heat pump
system.
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Fig. 22 CO2 reduction.

Ricoh Technical Report No.47

2025



FTo, —ARAICIES HIT 350 T 22 S B R BN
t— FARAIXT 7 1 A b OBEIIT X0 BiEh 3 IR
I EMBER N TN, REHTIIIER
HIZ W TR 2 L TRV COP AR L 72 22 5 24
TREEEEIN b — h AR 7 OB &2 FZHL L 7=,

ABMORREFLD

EROE— R T VRT A0 LY LR
A DL FTable 6, 71277

Table 6 Effect of water source heat pump system.
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Table 7 Effect of air source heat pump system.
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