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プレゼンター
プレゼンテーションのノート
Hello, everyone.




B
Today’s Topics

We introduce performance prediction and
feasibility study of two types of ground source
heat pump (GSHP) systems for space heating
(SH), space cooling (SC), and domestic hot water
supply (DHW) of an actual low energy house

|
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プレゼンター
プレゼンテーションのノート
Today, I will introduce performance prediction and feasibility study of two types of ground source heat pump systems for space heating, 

Cooling, and domestic hot water supply of an actual low energy house ,which Prof. Nagano introduced.


Today’s Topics
Calculated GSHP systems
1. Twin compressor type GSHP system

(Actually installed in the low energy house)

[ Heat pumps and hot water tank] [System diagram ]

ea't-pump for .
SH and SC SH oriC

£]

DHW

Heat

pump
e

//51 Tank

<

Heat pump
for DHW
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プレゼンター
プレゼンテーションのノート
The first system is twin compressor type GSHP system which is actually installed in the low energy house.

This system has two heat pumps for DHW, SH or SC. 


Today’s Topics
Calculated GSHP systems

2. Integrated GSHP system with a de-superheater

[Heat pump* ] [System diagram ]

*This is the same as De-superheater
the one for SH and

SC, which is shown in
previous slide
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プレゼンター
プレゼンテーションのノート
Another system is integrated GSHP system.

This system has only one heat pump.

But this heat pump has a de-superheater and can supply two types of hot water, whose temperatures differ.

So the heat pump can operate for SH, SC, and DHW. 


B

Outlines of heat pump system simulation

Calculation soft : Computer aided design and performance
prediction tool for GSHP systems ‘Ground club’

Window while input _ ____

_ _ Calculation
Window while output

(Output items \
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Input items
<Building data
<Region and climate

<Radiator

<Spec of heat pump

unit

<Spec of ground heat
exchangers

<Number of ground
heat exchangers

«Soil condition
Q_CA data etc )

eTemperature variation
of each part

<Performance of the
GHP system

<Annual electric power
consumption

=Annual energy
consumption and CO,
emission

<Running cost

@esult of LCA )

T. Katsura, K. Nagano, et al, ANNEX32 Workshop, 2007-12-6, Kyoto, Japan

5/29


プレゼンター
プレゼンテーションのノート
Ok, I firstly introduce a software used for these calculation.

We used a computer aided design and performance prediction tool for GSHP systems, whose name is ‘Ground club’

The 


Outlines of heat pump system simulation

Advantage of design tool
Short time calculation according to hourly heating and cooling demand

[ Hourly heating demand ]

Tlin

2out

10 Heating period Cooling period
8 [
6
E 4 ﬁ Heating
T 2 load Hourly temperature
2 0 variations of each part
s 27 Cooling
8 4 F load 50 Heating period | Cooling period
T
-6
-8 40
-10 O
Sep. 27" Dec. 27t Mar. 27t Jun. 27t Sep. 26t O
% 20
O
. - - Q-
Computatlon time Is apPpProx. 510
1min for 2 year’s operation 0 Ul g
W ”W‘ h Tlout
-10
Sep. 27th Dec. 27t Mar. 27t Jun. 27t Sep. 26t
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Outlines of heat pump system simulation

Advantage of design tool

High speed calculation algorithm for multiple ground heat
exchangers buried in random layout

[ Input of pipe arrangement of multiple ground heat exchangers ]

Borehole ground heat ® Steel foundation
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B
Outlines of heat pump system simulation

System description of twin compressor GSHP system
Preset outlet temperature
of secondary side : 65 °C

[Schematic diagram (Heating and DHW)]
Gy 1.3 L/min DHW

Heat tank A
G;,: 25 L/min pUMPS (460)/ DHW 31

TR '
@ Area of floor

heating: 180m?

VN

L [ I
Lo e G20 U/min i

.-L';. U U .
- U e e Renglred DHW ——
Borehole GHE ime DHW (42°C) [L
U-tube temperature. of _ 7:30~7:39 am 100
(75 mx3) secondary side : 30 °C 500 1500 arm =
Double) : '
( 7:30~7:34 pm 50
9:00~9:29 pm 300
Total 500
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プレゼンター
プレゼンテーションのノート
Next, I will explain 


Outlines of heat pump system simulation

System description of twin compressor GSHP system

[Schematic diagram (Direct (passive) cooling and DHW) ]

G;,: 25 L/min

Gy 1.3 L/min DHW
tank

Heat

y

7\

7\
l',
S/

1)
—/

Borehole GHE

&

pumps \(460 L)

DHW o]

Fan-coil X4

b

(75 m X% 3)

1 \sz: 20 L/min

| I g

Heat
exchanger
U-tube

(Double)

.
R
%
“

T

* Required DHW

Time DHW (42°C) [L]
Only circulation 7:30~7:39 am 100
pump in secondary 12:00~12:04 am 50
side is operated 7:30~7:34 pm 50
9:00~9:29 pm 300
Total 500
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Outlines of heat pump system simulation
Heat demand for SH and SC

[Variation of heat demand in annual ]

20 Heating period Cooling period —
15
=<,
T )
g 0
Q
- 5
©
T -10 — Maximum heating demand: 6.8 kW M
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-15 — Integrated heating demand: 26.4 GJ
Integrated cooling demand: 3.5 GJ ‘” ‘
-20
Sep.27t Dec.27th Mar.27th Jun.27t Sep.26t
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Outlines of heat pump system simulation

Heat demand for SH and SC
/Daily variation of\
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Outlines of heat pump system simulation
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Outlines of heat pump system simulation
[Performance of heat pump unit for SH and SC ]

;
G;,: 25 L/min, Plots : measurement
6 - X - G4, 20 L/min - Lines:result of analysis
X
5 - \N'I'li&::lOOC N :
1,;,=10°C
ol B—__  A5°C ~ X —%— T1n=10°C
[l o\e\olon OOC u\E\E\E o A\)(
8 ; _5°C M 0°C N:I 5°C
L [ _50C B w OOC
-5°C
2 L L L
1 L L L
0
0 3 6 9 12 150 3 6 9 12 150 3 6 9 12 15
Heating output Q, [kKW] Q, [kW] Q, [kW] e
[T20ut:35OC] [T20ut:4ooc [T20ut:45OC] | | IJ

COP function obtained by mu]lti—regression analysis:
COP =-0.0650 Q, + 0.1101 T,, - 0.1135T

2out

G;. Flow rate [L/min], T: Temperature [°C]
Subscrints 1: Primauryv side. 2: Secondarv side for SH or SC. d: Secondarv side for DHW. in: inlet. out: outlet



Outlines of heat pump system simulation

:Performance of heat pump unit for DHW ]

(Qd and COP according
| to revolution speed

J

[Qd according to Ty, ]

Conditions Gy;: 25 L/min, G¢4: 1.3 L/min, T, 117 °C, Ty, 65 °C
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Outlines of heat pump system simulation
Geological conditions

Schematic diagram of
thermal response test

[ Geological condition ]

Borehole Thermal response Thermal
test apparatus insulation

it and : t ........... / Borehole
gravel .

sty Diameter:150mm

__—single U-tube

[SPEC of the U-tube]

Nominal ISO 25A

c L diameter
_ LO Material PE100
Base rock N Wal
thickness 2-9 MM
V Outside | |-7°"_32mm
diameteg ¥ . 3 80 mm
(Average ground J (Effective thermal J
temperature: 11.0 °C conductivity: A =2.49 W/m/K
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Results of heat pump system simulation

[Temperature variation in primary side ]

35 Heating period Cooling period —

30 -
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Tp_out: Borehole surface temperature [°C]
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Results of heat pump system simulation

Heating output and cooling output

4 Daily variation of )
heating output in
peak day of

heating demand

\_(Jan. 20t") )

4 Dalily variation of\
cooling output in
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Results of heat pump system simulation

Heating output for DHW

~

/Daily variation of
heating output in
peak day

\(Jan. 20th) )

4 Dalily variation of\
temperature in
DHW tank in
peak day

k(\]an. 20th) .

Heat [kW]

Temperature [°C]

10

O N B~ O 0

20

o

Heating output
and demand

/

18

Tdout

24

DHW tank

- Tmﬂ
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Results of heat pump system simulation

Annual performance of heat pump system

H1. Heating output for SH [kWh] 7333
H2. Electric power consumption of compressor for SH [kWh] 1330
SH H3. Electric power consumption of circulation pumjps [kWh] 432
H4. Average COP of heat pump unit during operation for SH 551
(=H1/H3) '
H5. Seasonal performance factor (=H1/(H2+H3)) 4.16
C1. Cooling output for SC [kWh] 226
C2. Electric power consumption of compressor [kWh] 0
sC C3. Electric power consumption of circulation pump [kWh] 22
C4. Average COP of heat pump unit during operation for SC
(=C1/C2) ]
C5. Seasonal performance factor (=C1/(C2+C3)) 10.32
D1. Heating output for DHW [kWh] 7387
D2. Electric power consumption of compressor for DHW [kWh] 2442
DHw  D3. Electric power consumption of circulation pumps [KWh] 308
D4. Average COP of heat pump unit during operation 3.02
(=D1/D2) '
D5. Annual performance factor (=C1/(C2+C3)) 2.69
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Outlines of heat pump system simulation
System description of integrated GSHP system

[Schematic diagram (Heating and DHW)]

Gy 0.7 L/min - DHW
| Heat\| tank DHW 5
Gy,: 25 L/min pump | (460 L) S 4

7\

TR
@ Area of floor

ISR heatlng 180m2
L—l |
§ Do posoo D ' Gfgj 20 L/min
WAER Preset outlet Required DHW
Borehole GHE temperature of Time DHW (42°C) [L]
U-tube secondary side : 30 oC _7:30-7:39 am 100
(75 m x 3) D bl Y 12:00~12:04 am 50
( ol e) 7:30~7:34 pm 50
9:00~9:29 pm 300
Total 500
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Outlines of heat pump system simulation

System description of integrated GSHP system

[ Schematic diagram (DHW)]

Preset outlet temperature
of secondary side : 65 °C

Gy 1.5L/min - DHW

| Heat\| tank
G, 25 L/min pump\ (460

4y

l",

7\

7\
y A

gy ¢y

Borehole GHE

(75 m X 3) U-tube
(Double)

DHW o]

Required DHW

Time DHW (42°C) [L]
7:30~7:39 am 100
12:00~12:04 am 50
7:30~7:34 pm 50
9:00~9:29 pm 300
Total 500
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Outlines of heat pump system simulation

System description of integrated GSHP system

[Schematic diagram (Direct (passive) cooling and DHW)]

Gy 1.5 L/min  DHW
| Heat\| tank
G;,: 25 L/min pump (460 L)

DHW o]

g

7\

7\
l',

S/

=

Fan-coil X4

\HJ Wl Heat
exchanger
Borehole GHE
(75 m X 3) U-tube
(Double)

.
%
--------------------------------------------------- “

* Required DHW

.

Time DHW (42°C) [L]
7:30~7:39 am 100
12:00~12:04 am 50
7:30~7:34 pm 50
9:00~9:29 pm 300
Total 500
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Outlines of heat pump system simulation

[Performance of integrated heat pump unit ]

|

Q according
to revolution speed

|

COP according
to revolution speed

S 8 ]G, =26Umin, G, =15 L/min,
= G, =07L/m|n T,,=0°C,
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>
Q
"5’ 4 | =35°C,40°C, 30°C,45°C
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g) 2 L SH N J
= r/’f —==fE====F= a
@® For E—==== A————>7T
0 . T o =45 °C, 40 °C, 35 °C , 30 °C
L 0 DHW | o from top to bottom
1000 2000 3000 4000 5000 6000
Revolution speed [rpm]
J 5.0 Toout= Gy, = 26 L/min, G, = 15 L/min, G,, = 0.7 L/min
2out f1 ! f2 ’ fd : !
~4c 30 °C T, =0°C, T, =24°C~29°C,T, . =40°C ~71°C
D. . T20ut=
Z 35°C
— 40 + _
% T20ut_
40 °C
35 | —
O Toout= I/.\.
30 —®C ‘ ‘
1000 2000 3000 4000 5000 6000

Revolution speed [rpm] 3/29



Results of heat pump system simulation

Variations of 10
Heatmg and cooling output for SH and SC

heating and :
cooling output s mmmﬂ I l
Kln annual Y g 0 ]' ||i1 ‘ HI’IM ” ‘ ‘ |||I“ \W

-5 -
Heatmg output for DHW with de-superheater
-10
Sep.27t Dec.27th Mar.27th Jun.27t Sep.26th
10

% z W WWW '|'|||mm|| | |IWWM

Heating output for DHW without de-superheater

-10
Sep.27t Dec.27th Mar.27th Jun.27t Sep.26t
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Results of heat pump system simulation
Heating output for SH and DHW

/Daily variation of\ 10
heating output for g
SHIn peak day 2 Heating output for SH
\(\Jan 20th) / % 6 :/'é_—\</_\/‘\f//>
c 4 -
Q
I 2 |
0
0 6 12 18 24
10
/Daily variation of\ g
heating output for | =
DHW in peak day | = 6
\(Jan, 20th ) Y, 8 4 - Heating output for DHW with de-superheater
I 2 L /
1% 4
0 \ \ — |
0 6 12 18 24
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Results of heat pump system simulation

Heating output for SH and DHW

/Daily variation oﬁ
heating output for
SH in one day in

Intermedial stage

QApr. 8th) /

4 Dalily variation of\
heating output for
DHW in one day in
Intermedial stage

\(Apr. 8th ) Y,

10

Heat [kW)]
O N DM O ®

10

oON b~ O

Heating output for SH

& & & & &

L ¢ \ g A 4 A 4 A 4 A 4 \ g \ g \ g \ g \ g \ g \ g \ g \ g

Heating output for DHW with de-superheater
Heating output for DHW without de-superheater

/

6 12 18 24
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Results of heat pump system simulation

Annual performance of heat pump system

H1. Heating output for SH [kWh] 7323
H2. Heating output for DHW with SH [kWh] 1755
H3. Electric power consumption of compressor for SH [kWh] 1669
SH H4. Electric power consumption of circulation pumps [kWh] 432
H5. Average COP of heat pump unit during operation for SH 544
(=H1/H3)
H6. Seasonal performance factor (=H1/(H2+H3)) 4.32
C1. Cooling output for SC [kWh] 538
C2. Electric power consumption of compressor [kKWh] 0
sC C3. Electric power consumption of circulation pump [kWh] 14
C4. Average COP of heat pump unit during operation for SC i
(=C1/C2)
C5. Seasonal performance factor (=C1/(C2+C3)) 38.43
D1. Heating output for DHW [kWh] 6544
DHW D2. Electric power consumption of compressor for DHW [kWh] 2884
without DP3: Electric power consumption of circulation pumps [kWh] 210
SH D4. Average COP of heat pump unit during operation 5 27
(=D1/D2)
D5. Annual performance factor (=C1/(C2+C3)) 2.12
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Results of heat pump system simulation
[Comparison of CO, emissions ]

5000

3000 |
| l I_

Oil boiler + GSHP system using GSHP system using
air-air heat  uncombined heat integrated heat

pump pump units pump unit

AN
-
-
o

CO, emission [kg-CO,]
H
)
o
o

o
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summary

1. Calculation result of a twin compressor type
GSHP system shows that heating output can
satisfy the heating demand, even in when the
outlet temperature in secondary side is 30 °C.

2. Predicted average COP during heating period
Is around 5.5 and very high.

3. Itis predicted that the GSHP system which has
only one heat pump is enough to cover both
of heating demand for SH and DHW.

4. These GSHP systems can reduce 40 ~ 50 % of
CO, emissions compared to conventional oll
boiler system.
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Outlines of heat demand calculation

Calculation soft: SMASH (Japanese computer aided simulation
program for calculation of heating and cooling demand)

[Calculated conditions ]

Air conditioning temperature / humidity : 27 °C / 60%
Heating temperature : 22 °C

Thermal conductivity of insulation material : 0.034 W/m/K

Efficiency of total heat exchanger : 93 %
Overall heat transfer coefficient of window: 1.2 W/m?2/K

Composition of Main constructed material
roof, floor, wall Roof Insulation material (Thickness : 300 mm)
Floor Insulation material (Thickness : 200 mm)

Concrete (Thickness : 150 mm)

wall (1F) Insulation material (Thickness : 150 mm)
Concrete (Thickness : 100 mm)

Wall (2F) Insulation material (Thickness : 250 mm)

= |

{Calculated heat loss coefficient (Q value) : 0.96 W/m?/K
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Qutlines of heat demand calculation
[Plane view ]

Total floor area : 217.9 m?

Bed
(elelay
N
/ DK : Hall
H Qll by Oy
Japdnese
e Gardde
Ist floor 2nd floor
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