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R

Operation characteristics
of heat pumps

= seasonal performance factor
= calculation - bin method

= influence of operation conditions
on HP effectivity
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HEAT PUMP

Water flow = Quantity = Heat ,,flow*

Height = Quality = Temperature ,,height*

+3m

Om

-5m
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Declared COP of heat pump

producer has tested the heat pump for given conditions

brine-water BO/W35 COP=43
water-water W10/W35 COP=51
air-water A2/W35 COP =231

is it a REAL coefficient of performance?
how about climate conditions?

how about different operation conditions?

how to calculate total annual electricity consumption?
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Operation

X real COP

COP is changing with operation conditions
variable temperature of heat source (air, surface water)

constant temperature of heat source (water well, ground)

variable heating water temperature (equithermal control)

hot water preparation — heating to 55 °C, significant decrease of
performance

How to calculate seasonal performance factor?



Minimum annual COP

to effective replacement of the primary fuel (fossil fuels)

heat generator: transformation of primary fuel

with efficiency #,,, (€.g. gas boiler) Q... primary fuel energy
Q.= Qdel Qe --- delivered heat energy
e n Mg --- heat generator efficiency
hg

heat pump: transformation of primary fuel to electricity with efficiency n,
and transformation of electricity to heat from heat pump
(use of ambient renewable energy) with annual COP of the heat pump

E,p ... el.energy consumption HP
n. .- primary fuel transformation efficiency

Epp _ Qe 1
n. COP n, Qe - delivered heat energy
COP ... annual COP of HP

Qpo =

5/59
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Minimum annual COP

minimum annual COP of heat pump to replace primary fuel

(including heat store)
nhg

Q,, <Q, COP > .
gas boiler 7,, = 0.76 (operation efficiency, not nominal),

power plant efficiency (0.35) + network losses ... 7, =0.30
minimum COP > 2.5
gas condensing boiler 73, = 0.93, electricity production efficiency 7, = 0.30
minimum COP > 3.1
can we reach this COP?
do heat pumps save primary energy? are heat pumps renewables?

isn’t better to generate the heat from fossil fuels directly?



Electro-boiler

@& u—rgi?}.s 03'1-
Ny -
P\X// Optimum cop? ~ nas,COP=1..E
/R fE%J 9.}" . ||
. \QE
energy savings are not proportionalto COP! @ » }*df=
Qupy =Qu-E=Qy — Q( 1) 57\
sav d d COP d COP E 50
2 4 -
analogy with heat insulation = \
% N
double COP # double savings, £ B

10

double COP = only 25% savings

1 2 3

EXAMPLE: / COP

difference in savings between heat pump with COP = 2,5 and 3.5 is not so
large : - 11% ~(29% to 40%)
important is quality heat pump (longlife)
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Seasonal performance factor of HP

back-up TN i Qug

COP =t

HP

m| O

| hot water

space heating
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hot water

COP = Qe
HP
SPF _ Qsh,hw
E

fot

space heating
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Annual balance of heat pump
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Annual balance of heat pump

target
real electricity consumption of heat pump
real electricity consumption of back-up heater
evaluation of SPF

evaluation of primary energy needs, CO, emission savings

simple calculation method
simple calculation with Excel

climatic parameters (temperature frequency histogram for given location)
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Why detailed balance?

unstable power output during the year!

20
Flow temperature 35°C L =
= = Flow temperature 50°C _‘_ﬁ‘-"" -
_____ Flow temperature 60°C L7 -]
aragl
15 7
VA
V4
n I/"’
winter iy e | rautumn
L . L] ‘\ " y . 'l
insufficient 4 v T sufficient’neat quiput
Al
heat output A ¥
o’/ i ey
-t * /: \\;
' AL ™
4 I P
S — i | i"'i"'\" ! i
10 15 20 25 30



13/59

Why detailed balance?

unstable COP during year

5 N I s o o I A O
N Flow temperature 35°C
| || == == Flow temperature 50°C
[ [ Flow temperature 60°C n - =
L | g1
4 HEEEEEEEEEEEEEEEEEEEEEE ’-—"",‘
//
« d — "
”'/’ — - -1
T -
3 = =T
- ]
/, J/, = -~ ~
// Ls * | - T ™
[ ] , -
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winter P2 T -
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Energy balance for heat pump

monthly method is not possible (!)

average monthly temperatures are exceptionally under balance

point
. 12
Prague Bur' .eis Hradec Brno
| 1,5 2 2,1 2 0|
I 0 0,9 1 0,6
Il 32 3 2,7 3,7 ;
v 8,8 7.4 74 8,7
v 13,6 12,7 12,8 14,1 E .
Vi 17,3 15,7 15,6 16,9 e}
Vil 19,2 175 174 18,8
VI 18,6 16,6 16,8 17,8 Y
X 14,9 12,9 13,5 14 o
2 | -3 °C
X 9,4 7.7 8,3 8,7
X 32 28 31 | 38 v balance point
X 0,2 04 04 0,2 0 T
12 8 4 0 4 8 12 16 2 24

+ °C



Energy balance for heat pump

bin method

15/59
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Energy balance for heat pump

bin method, method of temperature bins (intervals)

The "bin method" refers to a procedure where yearly (seasonal) weather data is
sorted into discrete groups (bins) of weather conditions. Each bin contains the
number of average hours of occurrence during a year of a particular range of
weather condition.
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Energy balance for heat pump

= bin method, method of temperature bins (intervals)

= standardized method in EN 15316-4-2

= using the temperature histogram for heating season or whole year
= resolution of bins 1K "

= each temperature bin

Is characterized by:

Frequency [h]

= mean temperature

= duration (hours) 7 0t ,

Ill.lllllllllllllll‘ ‘I‘ IIIIIIIIIIIII ¥ T T L] T
Al LAty -110 85 75 55 -35 15 05 25 45 2 L e
< Temperature [°C]
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Example: temperature bin +2,5°C

in Prague condition

18/59

<’ Energy balance for heat pump

duration (hours) 7

(25)

mean temperature

(from +2°C to +3°C)
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~ Climatic data

Average — Strasbourg (-10 °C)
Warmer — Athens (+2 °C)

heating season data Colder — Helsinki (-22 °C)
—Auverage (A)
—Warmer (W) 500 A
4
—Colder (C) /\/ \

Hours

>

[ VA
/LT
e VeV

-25 -20 -15 -10 -5 0 5 10 15 20

Ambient temperature ['C]
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Prague: temperature histogram

“1  heating season summer

Frequency [h]

75155135115 95 75 55 35 15 05 25 45 65 85 105 125 145 165 185 205 225 245 265 285 305
Temperature [°C]
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Prague: temperature histogram

9000 8760
hours

8000 - CummUIative hOurS =1 year

7000 -
6000 1
5000 -

4000 -

Cummulative hours [h]

3000 1
2000 -

1000 ~

a

0°C  Temperature[°C] 13°C



Prague: temperature/histogram

Degree-Hours, room temperature +20°C,

22/59

cummulative cummulative fraction
te,lim,d,j |te,lim,h,j [te,m,j T tkum,j |DH20/13 |DH20/13,kum |fSH fHW
18 17 175 0 0 0 0 0.000 0.000
17 -16 -16,5 5 5 183 183 0,002 0,001
-16 15 15,5 5 10 178 360 0,002 0,001
15 14 14,5 14 24 483 843 0,005 0,002
14 13 135 14 38 469 1312 0,005 0.002
heating season
8 9 4496 3841 82225 0,040 0.038
9 10 9,5 387 4883 4064 86289 0,042 0,044
10 11 10,5 341 5224 3240 89528 0,034 0,039
11 12 11,5 408 5632 3468 92996 0,036 0,047
12 13 12,5 376 6008 2820 95816 0.029 0,043
seasonlasts 13 14 13.5 322 6330 0.037
until the ambient 14| 15, 14,5 326 6656 95816 = degree-hours/season 0,037
emperature 15 16, 15,5 320 6976 0,037
+13°C 16 17 16,5 273 7249 0.031
summer
27| 28 27.5 38 8720 0,004
28 29 28,5 30 8750 0,003
29 30 29 5 6 8756 0,001
30 31 30,5 4 8760 0,000
31 32 31,5 0 8760 0,000
8760 1,000 1,000

hours/year
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Deg ree- H OUrS room temperature +20°C

In the bin | :
DH; = (t; —t,;) - 7j = (20 {85] - 334 = 3841 Kh

DH; ... degree-hours in bin j t, ... room temperature

t e --- mean ambient temp.

T, --- bin duration (hours)

fraction:
for = ol = 3841 — 049
SH ™ ¥ DH; ~ 95816
_cui. mulative { cummulative fraction

temj [ti T  |tkum, - [DH20/13 |DH20/13,kum |fSH fHW
. [ 75 0 0 ) 0l 0000 0.
DH; ... degree-hours in bin j | 165 5 5 73 183  0,002] 0,0
| 155 5 10 18 360  0002] 0,0
2 DH; ... degree-hours in season 1 -14.5 5. Bl =i = N
J [ 135 14 38 439 1212]_ 0,005] 0,0
| 334] 4496 3841 82225  0,040] 0.0
[ 0 H 4883 4064 B6289 0,042 0.0




4 oc DH;, = (t;—t.;) T; +12 °c 24/59

AT=24 K Zouc AT=8 K Zooc

108 h 324 h

Frequency [h]
- (=] o] (%] [#%] oy S
o — (4] o o — o
L) — L) L) [ L) L)

—
[=1
(=

T
f=1

175-155-135-115 95 75 55 35 15 05 25 45 65 85 105 125 145 165 185 205 225 245 265 285 305
Temperature [°C]

=1




Bin method:

8 2000
N ||IH
Lt AT ppsss ..
17,5145 -115 -85 -55 25 05 35 65 95 125 155 18,
ambient temperature t, [°C]

inputs
Heat source temperature (ground, air,..
Equithermal temperature of water
Energy balance

outputs

annual results

5 215 245 275 30,5

25/59
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Energy balance

for each temperature bin is determined (for given mean temperature of
the bin)

heat demand for the building

heat output from HP / energy from HP available
heat delivered by HP to cover heat demand
electricity demanded by compressor

heat delivered by back-up heater (electricity)
operation time of HP

consumption of auxiliary energy (pumps)



seasonal performance factor

sp — SHpdelvered + Qb

27/59

Bin method: annual results

Q. SPF
v = 2,3kl
back-up \ 3 ( Qg i
|_‘ S 6 (Qenm)
heat pump '_”'
cop| 10
! N
= ; ©)
— T h_ n_l-walser
space heating

EHP + Ebu + Eaux

SPF =

QSh,h'.'.'

tot




Bin method: annual results

total delivered energy by heat pump QHP,deIivered — ZQHP,delivered,J
j
total electricity for heat pump E.o = ZEHP’j
J
total electricity for back up heater E,, = ZEbU’ j
J

total electricity for auxiliaries E. = ZEaUX’j
J

28/59
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Bin method: inputs

.'ﬁlll i\ ,J (L A

space heating demand - distribution to bins

simplified method, based on degree-hours DH; in the bin

calculation based on:;

total space heating demand Qg ~ DH in the given period (season)

In the bin | :
DH. t,~t, )z,

QSH,j:QSH DHJ SH ZDH _QSH'fSH

Qg ... total space heating demand t; ... room temperature f gy ... fraction
DH; ... degree-hours in bin j t e --- mean ambient temp.
DH ... degree-hours in season T --- bin duration (hours)

b3 DH .. degree-hours in season



QSH, j = Qsu

DH,
QSH,j = QSH m

(ti-tej)tj _

. XSH

Bin method: inputs

(ti _te,/’)° T

SH ZDHJ
J

=Q

(20°C—2,5°C)-433h

95816

— QSH "oy

= Qgpy . 0,079

30/59

Qs j
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Bin method: inputs

hot water demand - distribution to bins
simple, based on hours I-IJ in the bin

total hot water demand Q,, ~ H in the given period (= 8760 h = 1 year)

Hj J
QHW,j = QHW T QHW — = QHW 'fHW

H
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’ § Prague: temperature histogram

temperature hours degree-hours DH, fraction
from to mean  perbin cumulative per bin cumulative 70 o
te,lim,d,j |te,lim,h,j te,m,j tj T tkum,j DH20/13 |DH20/13,kum fSH fHW
8 9 8,5 334 4496 3841 82225 0,040 0,038
9 10 9,9 387 4883 4064 86289 0,042 0,044
10 11 10,5 341 2224 3240 89528 0,034 0,039
11 12 11,5 408 2632 3468 92996 0,036 0,047
12 13 12,5 376 6008 2820 95816 0,029 0,043
13 14 13,5 322 6330 0,037
14 19 14,5 326 66906 95816 = degree-hours/season 0,037
15 16 19,5 320 6976 0,037
16 17 16,5 273 7249 0,031
27 28 27,9 38 8720 | 0,004
28 29 28,0 30 8750 0,003
29 30 299 6 8756 0,001
30 31 30,9 4 8760 0,000
31 32 31,9 0 8760 0,000
8760 1,000 1,000

hours/year



©©  Bin method: inputs

J i\ A {gj

Heat output [ki]

heat pump characteristics
Qup = (t1, bo), COP = f(t,, to)

33/59

COP [kW]

5 10 15 20 10 5 0 5
Tem| of brine [°C Temperature of brine [°C]
mper

ut|I|zat|on of Ilnear or quadratic interpolation and extrapolation of the heat
pump characteristics for other operation conditions

HP—A+B®C@+D A2 +E-t2, +F-t, -,

COP=a+b-t,+c-t,+d-t’ Jre-z‘,ferf~l‘v1-l‘k2
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AR . .
/P%E  Bin method: inputs

I/ IIll! A\ PN
J R )

heat source temperature = temperature at the input to evaporator@

air-water: t, =t 5
water-water: t,=10°C |
ground-water. t,=1(t)

3 |
EN 15316-4-2: =2

t,, =max(0 °C; min(0,15-t, +15°C; 4,5 °C))
N

-1

-10 0 10 20 30
te [°C]
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FZZ2  Bin method: inputs

J i\ A {gj

3gz3on

ermgerature of heat
@ M o= w2
- -
o W r‘;
=
o =
g =

"/

heating water temperature = f (t,) .
equithermal flow temperature of heating water @: t  +3K
design temperatures flow/return ¢, \ / £,

design ambient temperature t,

design room temperature £ = average indoor temperature ¢

calculation of heating water temperature from equation for heat output of
heating body

Q, ( AtY Q, t-t o
; =| — : = m=m,
Qz,N AtN




temzerature of heating vaier W)

R

H L] E 12
ameieri mpsratura [0



Equithermal temperature of water

n tw1 +tw2 t n
Q, (At} o bt
Q,, \At, Euin +luan _t ty =t
2 i,N

I T Y t—t )
i w2 _fo— | W Nt ]| ———
2 2 ’ Ly —ton

1
t t . n
‘ tw1+th:}2'ti+2'( W1,N+ w2,N_ti’N].£ t/
2 ti,N_ eN

t

/

—t

_te,N

tw1,N _th,N . t;‘ _te
2 {

Lyt +lwan 1)
2 t;

by =t + 2 )”n

_ te,N

temzerature of heating vaier W)

o

H L] E 1
ameieri mpsratura [0

n ... temperature
exponent

n=1,3 heating body

n=1,1 floor heating
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Equithermal temperature of heating water

60 | |

= — flow temperature tw1 |
% \ — return temperature tw2

L 5 ~

= N

> 45 T~ +13°C

8 . ~—_ | endof |
S T I heating

L 35 N | |
= \ I Season

g 30 ~_ L

S ~

&

S

) N
. N\

-12 -8 -4 0 4 8 12 16 20
ambient temperature [°C]
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Energy balance

for each temperature bin is calculated (for given mean temperature of
the bin)

1. heat demand for the building

heat output from HP / energy from HP available
heat supplied by HP (heat demand coverage)
electricity consumed by HP

heat supplied by back-up

operation time of HP

A S S A

consumption of auxiliary energy (pumps)
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Bin method: outputs

1. Heat demand for the building [kWh] Qg = Qqy - Ty

2. available energy from HP [kWh] QHp,a\,a”abm,j = QHP,J- ‘T

3. heat supplied by HP to cover demand [kWh] QHp’denvered’ P = min(QHp’ava"ame ;QSH,HW ) J-

QHP Jdelivered, j

COP

4. electricity consumed by heat pump [KWh] EHPJ, —
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Bin method: outputs

5. heat supplied by back-up heater E -Q _Q
electricity use of electroboiler [kWh] buj — TSHHW,j  ™HP delvered,

: : QHP,deIivered,j
6. operation time of heat pump Thpj = .
QHP,j
7. auxiliary energy consumption — .
"y 9 P Eaux,j o 'Daux z-HP,j

(pumps, valves, etc)



Bin method: annual results

total delivered energy by heat pump QHP,deIivered — ;QHP,delivered,J
total electricity for heat pump E.o = ZEHP’j
J
total electricity for back up heater E,, = ZEbU’ j
J
total electricity for auxiliaries E. = ZEaUX’j
J

total operation time of heat pump Typ = ZZ‘HPJ
J

42/59



seasonal performance factor

sp — SHpdelvered + Qb
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Bin method: annual results

Q. SPF
v = 2,3kl
back-up \ 3 ( Qg i
|_‘ S 6 (Qenm)
heat pump '_”'
cop| 10
! N
= ; ©)
— T h_ n_l-walser
space heating

EHP + Ebu + Eaux

SPF =

QSh,h'.'.'

tot




@ SNV

=

1] %
(7
~ AEL-_-.;J

= 4000
z
s
§ 3000
5
[ ] z
Example- =
1000
0 —
475145115 85 55 25 05 35 65 95 125 155 185 215 245 215 W05
ambient temperature t, °C]

space heating
heat loss 30 kW (-18 °C), £=10,8 []
climate defined by table, d =235, t,,=3,0°C

. (t —1 ) Qy [kW] nominal (design) heat loss

I,m e,m Lo
QSH — d . 24 - & QN . t;y[°C] design indoor temperature
(ti,N T te,N ) t,n[°C] design outdoor temperature

t,n[°C] average indoor temperature
t.m [°C] average outdoor temperature

el correction factor

= gpace heating demand 60 500 kWh/a

= heating system 50/40 °C
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S Example: heat demand

6000

5000 -

space heating demand 60 500 kWh/a

S

o

o

o
|

3000

2000

heat demand [kWh]

1000

0 ]
-17,5 -145 115 -85 -55 -25 05 35 65 95 125 155 18,5 215 245 27,5 30,5

ambient temperature £, [°C]
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Example: heat pump

ground source heat pump type WPF 20
nominal heat output Qp = 21,9 kW
COP=48 BO0O/W35

Brine | water heat pump WPF 20
Heating output (kW), power consumption (kW) and coefficient of performance €

Heating output Power consumption cop

Heat source 5 5 5 5 5 5 5 5 5
temp. °C 35°C 50 °C 60 °C 35 °C 50 °C 60 °C 35 °C 50 °C 60 °C
. kW kW kW kW kW kW 3 3 3

5\ fa.2\ 18.3 17.4 4.5 6.4 7.8 4.3 2.9 2.2
0 '21.9 20.7 20.0 4.5 6.3 7.8 4.8 3.3 2.6
+5 24.8 23.3 22.4 4.5 6.4 7.8 5.5 3.7 2.9
+10 28.1 26.2 25.0 4.6 6.4 7.8 6.1 4.1 3.2
+15 31.7 29.5 28.0 4.7 6.5 7.9 6.7 4.6 3.6
+2
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Example: heat pump

35

Linear Approximation

Qup = 25,9 +0,569%,. - 0,103%, e

50 °C
60 °C

30 A

)
[y
1

Heat output [kiY]

s
o
1

15 1

10 / T T T T
10 5 0 5 10 15
Temperature of brine [*C]
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%5 Example: heat pump

COP =8,6 +0,091%,,- 0,104*%,, 35 °C

-

5 - 50 °C
z
édr 60 °C

)

1 | | | | .

10 5 0 d 10 " .

Temperature of brine [ C]



Example: boreholes
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= ground source
= Input to evaporator dependent on ambient temperature

t,. =max(0 °C; min(0,15-t, +15 °C; 4,5 °C))

5

4,

[°C]

-10 0

10
te [°C]

20

30



space heating regime (radiators)
nominal temperatures flow/return
temperature exponent n=1,3

tth'_thN . h'_te

50/59

Example: heating system

t

w

1N = 50 tWZ,N - 40 OC

by +won ) i 1, y1n

t, =t +
w1 I
[
t — t + 3 K - —  flow temperature 1w
k2 wi \. —  [elm lemperate w2
57 B .
""N-..,_\ |
T~ +13°C

temperature of heating water [W]

weather compensation curve
(equi thermal)

\ 1 end of

h I' heating
% - | season
30

-2 B -1 o 4 B 1i 16
ambient temperature [*C]
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S Example: heat demand

6000

5000 -

S

o

o

o
|

3000

heat demand [kWh]

2000

1000

0 - u a
17,5 -5 -11,5 85 -55 -25 05 735 65 95 125 155 18,5 21,6 245 27,5 30,5
ambient temperature £, [°C]
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space heating — example bin -14,5°C

In the bin -14,5°C

DH. t—t,
QSH,j :QSH DHJ SH( ZD/')I _QSH 'fSH

Qg ... total space heating demand t; ... room temperature f g, ... fraction
DH; ... degree-hours in bin | teJ ... mean ambient temp.
T

DH ... degree-hours in season ej -+ bin duration (hours)
2 DH; ... degree-hours in season

Qs ; =60500 (20-(-145))-14 _ _ 60500—33_ _ 305kwh
’ 95816 95816

Qqn ; = 60500-0,005 = 305kWh



Prague: temperature histogram
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te,lim,d,j [te,lim,h,j [te,m,] tj tkum,j DH20/13 DH20/13,kum fSH fHW

-18 -17 -17.5 0 0 0 0 0,000 0,000
-17 -16 -16,5 5 5 183 183 0,002 0,001
-16 -15 -15.5 S 10 178 360 0,002 0,001
-15 -14 -14.5 14 24 483 84 0,005 0,00

- - - 38 469 1312
8 9 8,9 334 4496 3841 82225 0,040 0,038
9 10 9,5 387 4883 4064 86289 0,042 0,044
10 11 10,5 341 2224 3240 89528 0,034 0,039
11 12 11,5 408 2632 3468 92996 0,036 0,047
12 13 12,5 376 6008 2820 95816 0,029 0,043
13 14 13,5 322 6330 0,037
14 19 14,5 326 6626 0,037
15 16 15,5 320 6976 0,037
16 17 16,5 273 7249 0,031
27 28| 27,9 38 8720 0,004
28 29 28,9 30 8750 0,003
29 30 295 6 8756 0,001
30 31 30,5 4 8760 0,000
31 32 31,5 0 8760 0,000
8760 3992 1,000 1,000




Prague:
temperature
histogram

fed,) tat) fem,) | Thum) DHz0m13) D Hzon3 kum,)
°C °C °’C h h Kh Kh
-15.0 -17.0 -17.5 0.0 0.0 0.0 0.0
-17.0 -16.0 -18.5 5.0 5.0 1825 182.5
-16.0 -15.0 -15.5 5.0 10.0 1775 360.0
-15.0 -14.0 -14.5 140 240 4830 5430
-14.0 -130 -135 140 38.0 489.0 1312.0
-13.0 -12.0 -12.5 13.0 51.0 4225 1734.5
-12.0 -11.0 -11.5 240 75.0 7560 2450.5
-11.0 -10.0 -10.5 43.0 118.0 1311.5 3802.0
-10.0 40 95 320 150.0 9440 47460
-9.0 -8.0 -5.5 580 208.0 1653.0 6399.0
-8.0 -7.0 7.5 72.0 280.0 1980.0 8379.0
-70 -6.0 -B.5 86.0 3660 22790 106858.0
-6.0 -5.0 -3.5 9.0 4550 22695 12927 .5
50 -4.0 4.5 108.0 563.0 2646.0 15573.5
40 -3.0 -35 138.0 T01.0 32430 188165
-3.0 -2.0 -2.5 163.0 864.0 36675 224840
-20 -1.0 -1.5 186.0 1050.0 3999.0 26483.0
-10 0.0 0.5 305.0 13550 62525 327355
0.0 1.0 0.5 396.0 1751.0 77220 40457 .5
1.0 20 1.5 394.0 21450 7289.0 477485
20 30 25 433.0 25780 75775 553240
30 40 35 352.0 269300 SE0E.0 61132.0
4.0 5.0 4.5 316.0 32486.0 45980 66030.0
50 6.0 55 312.0 35580 45240 70554.0
6.0 7.0 6.5 230.0 38380 3TRO.0 743340
7.0 8.0 7.5 3240 41620 4050.0 783840
8.0 9.0 85 3340 44960 3841.0 822250
9.0 10.0 a5 387.0 48830 40835 B6288.5
10.0 11.0 10.5 341.0 532240 32395 89528.0
11.0 12.0 115 408.0 56320 34680 §2996.0
120 130 125 376.0 6008.0 25200 95816.0
13.0 14.0 13.5 3220 63300
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Example:
calculation bins:

[ty = -14,5 °C | [ty =25 °C |
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Example calculation

[ty =-14,5°C | |ty = 25°C |

7,=14h 7,=433 h

foy = 0,005 in table foy = 0,079
QSHJ:60500(20—(—14,5))-14:60500%:305mh o0 o DH, . t -t ), o
Qg ; = 60500-0,005 = 305kWh SH =SS ppy s A

SH ZDH
Qgy = 305 kWh Qgy = 4785 kWh

1145 2.5
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Example calculation

t, = t,, =max(0°C;min(0,15-t_ +15°C; 4,5 °C)) /
bosi=  fp =1, +3K
T b n ... temperature exponent
n=1,3 heating body
to=t _|_tw1,N —tuow =t N by +won 1) {; 1, i
2 t—toy 2 ti —ton
QHP’SH = QHP = f(tv']a tk2)a QHP = 25,9 + 0,569*tv1 = 0’103*tk2

COP, = COP= f(t, tp) COP=8,6+0,091%,-0,104*,
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Example calculation

f = 0,0 °C [ = 1,9 °C
hos = 50,7 °C hosh = 39,1 °C
Qupgh = 20,7 kW Qupsh = 22,9 kW

COPy, = 3,3 COPy, = 47
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Example calculation

THPSH.avail — -+ from table

QHP,avaiIabIe,j — QHP,j ) z-j 2. available energy from HP [kWh]

Qup ceverec = MIN(Qup e s Qsppa ); - 3- et supplied by HP to cover demand KV

E,. = Qe 4. electricity consumed by heat pump [KWh]
’J
COP
R QHP’fje""ered’j 6. operation time of heat pump
y
oy

Ebu, j QSH,HW,j - QHP,deIivered, j 5. heat supplied by back-up heater [kWh]



Example calculation
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THP SH.avail —

QHP,SH,avaiI =

QHP,SH,deI =

Erpsh =

THPSH ~

Qbu,SH =

14 h
289 kWh
289 kWh

83 kWh
14 h (only sH)

16 kWh

THP SH.avail —

QHP,SH,avaiI =

QHP,SH,deI =

Eipsh =

THpSH ~

Qbu,SH =

433 h
9446 kWh
4785 kWh

1018 kWh
209 h

0 kWh



61/59

Bin method: annual results

total delivered energy by heat pump QHP, delvered = ZQHP, delvered.

J
total delivered energy by back up heater Qu = ZQbu’ j
j

total electricity for heat pump E.o = ZEHP j
J

total electricity for back up heater Ebu = ZEij
J

total electricity for auxiliaries E. = Z E ox.
J

sp — SHPdelvered + Qb

seasonal performance factor
EHP + Ebu + Eaux
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5 Example calculation Annual results

1400

SPF.,, = 2,60 Standard house

1200 A

01 SPFg, = 4,61

=

=

=, 300

& SPF=4A17

>

5

[<}]

S 400 1
200 II '
0 - .u A‘

A75 145 A5 -85 55 25 O35 65795 125 165 185 215 245 275 305

ambient temperaturet [°C]
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e

Standard house

Passive house
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Standard house

space heating
160 m?
heat loss 10 kW (-12 °C)
SH heat demand 21 500 kWh/a (135 kWh/m?.a),
typical meteorological year in Prague
heating system 50/40 °C 35/30 °C

hot water
4 persons, 45 |/per.day, heat losses 15 %
hot water temperature 55 °C, cold water temperature 15 °C
hot water heat demand 3 500 kWh/a (14 % from total demand)
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Standard house

4500
4000 -
2500 . B hot water
. o heating .

3000 . .

— 2500 -

=
= 2000 - . .
1500 -
o n

1000 |
500
0 B N N AN
Q > Q Q Q Q O Q SO Q > <
4 <@ O K\ 2@ @ & < S o)
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Heat pump air-water

heat ouput 8,1 kW and COP=3,4 ... at A2/W35

2 | 50/40 35/30
SPF,,, 2.50 2.50
1] SPFq, 2.84 3.31
SPF,, 2.79 3.17
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Heat pump ground-water

heat output 9,9 kW and COP=4,5 ... at BO/W35

4 —— ——
3 |
LL
&
2 50/40 35/30
SPF,,, 2.30 2.30
1 SPFq, 3.61 4.62
SPF,, 3.35 4.05
0
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Standard house

recommendations for SPF from EN 15 450 can be met
high space heating demand compared to hot water preparation
low temperature heating system

high coverage of heat demand by heat pump (requirement for
monovalent solutions)

well designed low-potential heat source

usual concept of heat pumps



69/59

Passive house

= space heating
= 160 m?
= heat loss 2.7 kW (-12 °C)
= SH heat demand 3 200 kWh/a (20 kWh/m?2.a),
= typical meteorological year in Prague
heating system 35/30 °C

= hot water
= 4 persons, 45 |/per.day, heat losses 15 %
= hot water temperature 55 °C, cold water temperature 15 °C
= hot water heat demand 3 500 k\Wh/a (52 % from total demand)
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- ;Ty .
%ﬁ Passive house

1400

1200 -

B hot water
1000 I g heating I
800 - I
600 - I
400 -

0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
4 5 6 T 8

9 10 1M 12

kKWh
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Heat pump air-water

heat output 6,7 kW and COP=3,2 ... at A2/W35

500 3,5

400 - - 3,0
300 | B3 back-up 55
- 1 auxiliary n
E ES  hot water &5
200 1 3 space heating r 2,0
— SPF |

. I SPF, = 2,94 I I e
. 1l ] M B SPFR,, =240 - 1 iy

1 2 3 4 SPF=263 |9 10 1 12




Heat pump ground-water

72/59

kKWh

500

400 -

300

200

100 -

heat output 5,8 kW and COP=4,3 ...

at BO/W35

back-up
auxiliary

hot water
space heating
SPF

1

2

Il

SPF, = 4,15
SPF,,, = 2,12
SPF=2,76

10

11

12

3,5

- 3,0

- 2,5

- 2,0

- 1,5

1,0

SPF
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Passive house

recommendation for SPF from EN 15450 cannot be met despite
low temperature system
monovalent solution
well designed low potential heat source
but at
usual concept of heat pump

high hot water heat demand when compared to space heating (high
temperature)

gas boiler + solar system = 20 to 30 % lower primary energy
consumption
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Quo vadis heat pump in passive?

reduction of hot water temperature to 45 °C
restriction of thermal comfort

hygienic requirements

concept of heat pump for more effective water heating
heat pumps with subcooler to preheat cold water

cascade water heating, two stores in series, stratified heating
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