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Affects of Heat Pump Sizing

Boilers for heating systems are usually oversized relative to the design heating and hot water load!! Heat pumps are
different.

1. Bigger Heat pumps are more expensjueost proportional to capacity.

2. An oversized heat pump will
a) Low COP
b) High compressor Cycling (shorter life)

3. An undersized Heat pump will . SPFHA N
ed
a) Not be able to heat the home Source | > . > Qw
b) Not be able to provide DHW o E
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Heat Pump Capacity Sizing
Carefully consider for domestic buildings:

A Room by room heat loss calculations (SEAI Tool or BER assessor Tool)
A Interior temperature requirement at a good design

A allowance for DHW (55 Deg C or above for Legionella and zoned)

A Design flow temperature 45 to 55.

A Split Vs Mono is site specific. Mono is easier to install, and neater, splits offer versatility.



Fabric Heat Loss Calculations

Fabric heat losses are losses directly through the

Heat loss from dwellings

walls, windows, doors, floors and ceiling of the Roof 26%

room (assumed that these losses are at a uniform

rate).

Fabric Heat Loss (Watts) = . } Through the "
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manufacturer or from tables such as thEGED Part

L Appendix B S Draughts 12%

Doors 3%

Fabric First Approacls important as you can lower
the heat loss of the building to levels that suit a
heat pump

Source: Architectural Technology
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TGD Part L

Appendix B (p76 71 p94)

Table D1 Section 1 - Cavity Wall Insulation Target U-values
U-value =0.18 | U-value = 0.15 |U-value = 0.15
W/, 150mm |W/m K, 150mm|  W/m?K,
Junction full-fill or-partial | full-fill or partial | 200mm full-fill
detail fill cavity™* fill cavity and | or partial fill
Identifier Junction detail [roof U=0.16) |  intemal cavity??
2011 Edition {floor U=0.18) | insulation™*® |froofU =0.14)
{roof U = 0.14) {floor U =
{floor U =0.15) 0.15)
P-value W-value Up-walue
W /mK) [W/mK) W /mik)
Section 1 Details
1.01a Ground Floor - Insulation above slab 0.170 0.072 0196
1.01b Ground Floor - Insulation above slab plus lightweight block 0.080 0.042 0.093
1.02a Ground Floor - Insulation below slab 0.163 0.108 0191
1.02b Ground Floor - Insulation below slab plus lightweight block 0.070 0051 0.083
1.03 Timber Suspended Ground Floor 0.21% 0.102 0227
1.04 Concrete Intermediate Floor within a dwelling 0.000 0.03% 0.000
1.04a Concrete Separating Floor between dwellings © 0.064 0.087 0.045
1.05 Timber Intermediate Floor within a dwelling -0.001 0.020 -0.001
1.05a Timber Separating Floor between dwellings ® 0.041 0.051 0.029
1.06.1 Masanry Solid Separating Wall (plan) ® 0.045 0.066 0.032
1.06.2 Masonry Cavity Separating Wall (plan)® 0.051 0.072 0.0386
1.07 Masonry Partition Wall 0.000 0.000 0.000
1.08 Stud Partition Wall 0.000 0.000 0.000

Table D4 Section 4 - Timber Frame Construction Target U-values
U-value =0.18 | U-value = 0.15
WmK. Win2K.
Insulation Insulation
Junction detail "
Identifier Junction detail between studs”) between studs
2011 Edition 23
(roof U=0.18) | Insulation®
(floor U = 0.18) | (roof U = 0.14)
(floor U = 0.15)
-value r-value
[W/mK) W/ k)
Section 4 Details
4.01 Ground Floor - Insulation above slab 0.051 0.021
4.02 Ground Floor - Insulation below slab 0.205 0.125
4.03 Timber Suspended Ground Floor 0.0463 0.046
4.04.1 Cormer 0.062 0.030
4.04.2 Inverted comer -0.004 -0.015
4.05 Timber Intermediate Floor within a dwelling 0.130 0.080
4.05a Timber Separating floor between dwellings ¢ 0.193 0.132
4.06 Separating Wall (plan)® 0.087 0.079
4.07 Separating Wall [section) ® 0.2346 0.236
4.08 Partition Wall 0.000 0.000
4.0%9/4.10 Eaves - Unventilated/Ventilated roof space 0.082 0.044




Fabric heat loss calculation (An example using the SEAI Heat Loss Tool)

https://berassessors.com/vwggontent/uploads/2020/05/MIKET EAHAN/ERSR56HeatL0ss
Calculations.xlsx

https://www.seal.ie/publications/HPAI%20Heat%20Pump%20Code%200f%20Practice

https://www.seal.ie/tools/SEARoomHeatLossand-RadiatorSizingGuidance.xIsx



https://berassessors.com/wp-content/uploads/2020/05/MIKE-TEAHAN-VER.-SR50-Heat-Loss-Calculations.xlsx
https://www.seai.ie/publications/HPAI Heat Pump Code of Practice
https://www.seai.ie/tools/SEAI-Room-Heat-Loss-and-Radiator-Sizing-Guidance.xlsx

Heat loss calculation (Room by Room)

Start with the design Room Temperature using an external design temperatt8e of
Living areasi.e. —sitting room, dining room, play room: 18-21°C
Other areasi.e. — kitchen, hall, toilet, bedrooms: 16-18°C

Bathrooms (with shower): 22°C. [Due to high ventilation rates]

Design Room Temp 21

External Design Temp -3

Design Temp Difference 24




Fabric heat loss calculation (Room by Room)

Fabric Heat Loss

External Floor

External Wall (Gross area)

Window

Window

External Door

External Wall (Nett area)

external wall area)

External Roof (Gross area)

Rooflights

External Roof (Nett area)

0 0

0 0

Areza U-Valzue qurll?on HeatLoss
(m") (W/m~.K) 5ATT (Watts)
13.23 0.77 24 244.4904
18.24
1.1 1.155 1.6 24 44.352
1.1 1.05 1.155 1.6 24 44.352
1.75 2.1 3.675 1.6 24 141.12
(Subtract glazing and door areas from gross 12 955 0.27 24 29.4124

(Subtract roof glazing area from gross roof are

0.000

Party Wall Adjoining unheated space

626.432



Ventilation Loss calculation

Room Volume
Heat Loss Watts
No. of air (meters) AU o .
of air to Design
SEIgE/EE be heatec IMENEE Temp Diff
Ventilation Heat Loss per hour| | ength | Width Height (m) | Per hour fact%)r XIO /
ei m
ac/h (m) (m) g min W/m .K
1.5 4.9 2.7 2.4 47.628 0.33 24 377.21376
Additional air changes due to For additional air changes see table in section
Chimneys or Flues 3 Ventilation Heat Loss 95.256 0.33 24 754.42752

TOTAL

The difference between the inside temperature and OAT and the rate at which
the air enters and leaves the building will affect the ventilation heat loss.

Pal Pa
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CIBSE Guide A1 Environmental Design

Building/room type Winter operative temp. range for  Summer operative temp. range Suggested Filtration ~Maintained Noise FO r a KitC h e n With VO | u m e 100 m 3

stated activity and clothing levels*  (air conditioned buildingsT) for air supply graded illuminancey rating§
stated activity and clothing levels*  rate/({L.s™ Jhux () L -
Temp. Activity Clothing Temp. Activity Clothing E;Lp;r::]::d [1 m3 Of Alr - 1000 L Of AI r]
wo = B R = R e [1 seconds = 1/3600 Hours]
Airport terminals:
— baggage reclaim 12-19" 18 115 21-251 18 0.65 1012 FB-F7 200 45
— check-in areas!?! 18-20 14 115 21-23 1.4 085 1oz F8-F7 50011 45
— concourse (no seats)  19-24'1 18 1.15 21-25, 18 0.65 10! F8-F7 200 45
— customs area 18-20 14 115 21-23 14 085 iz F8-F7 500 45
— departure lounge 18-21 1.3 1.15 22-24 1.3 0.65 1ozl Fi-F7 200 40

At gallres —see Muscums andar gl Equation 1:(60 L/s) / (1000 L / m3) =0.06 m3 /s

Banks, building societies,

post offices:
— counters 19-21 1.4 1.0 21-23 1.4 085 Lt Fb-F7 500 3540
— public areas 18-21 14 1.0 21-23 14 0.65 1ozl F5-F1 300 35-45
Bars/lounges 20-22 13 Lo 22-24 1.3 065 10l F5-F7 100-2000% 3040
Bus/coach stations — see Railway/toach stati 1 . —_
coach tations — see Ry coachstaions Equation 2:0.06 x 3600 (hours / seconds) =216 m3/h
Churches 18-21 1.3 1.15 22-24 1.3 0.65 1ozl G4-Fi 100200 25-30
Computer rooms/l 19-21 1.4 L0 21-23 1.4 0.65 10121 Fi-F9 300 1545
Conference/board rooms  22-23 11 L0 23-25 L1 0.65 1o/ Fi-F7 300/500171 25-30
Drawing offices 18-21 1.4 1.0 21-23 1.4 0.65 1ozl F7 750 35-45
Dwellings: . . — -
_ athrnce w1z om mas o1z o | sist | o s Equation 32216 / 100 = 2.16 Air Changes per hour
(extract)®

— bedrooms 17-189 0.9 2.5 23-25 0.9 1.2 0.4-1AcH G2-G4 1o0H 25

to control

moisture!®
— hall/stairs/landings ~ 19-24%1 1.8 0.75 21-2510 18 0.65 — — 100 —
— kitchen 17-18 L6 L0 21-23 1.6 0.65 G0 L5 G2-G4 150-300 40-45

(extract)™

— living rooms 22-23 11 Lo 23-25 1.1 065 0.4-1AcCH G2-G4 50-300 30

to control

moisture!t!
— toilets 19-21 1.4 1.0 21-23 1.4 0.65 =5ACH G2-G4 10011 —
Educational buildings:
— lecture halls!®! 18-21 14 1.0 21-23 14 0.65 1012 G4-G5 500! 25-15
— seminar rooms 18-21 14 1.0 21-23 14 0.65 10121 G4-G5 300"e! 25-35

— teaching spacesi®l 19-21 1.4 L0 21-23 1.4 0.65 10121 G4-G5 30010 25-35



LU8 Heat Pump Design Parameters & Pipe Sizing
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Affects of Heat Pump Sizing

Boilers for heating systems are usually oversized relative to the design heating and hot water load!! Heat pumps are
different.

1. Bigger Heat pumps are more expensjueost proportional to capacity.

2. When dT is too lowthe heat pump may beversized and will lead to:

a) Reduced COP
b) High compressor Cycling (EN15450 suggest a target maximum of three compressor starts per hour.)

c) Burn out, reduced lifespan

3. When dT is too High the heat pump may be undersized and will lead to:
a) may not maintain the required comfort levels in the building during cold weather
b) Not be able to provide DHW
c) Increased Defrost events



Heat Pump vs Traditional Boiler

Operates on Electricity Operates on Fossil Fuel ! KSIF G LlzYL) AayQid NBEtAFYyd 2y hAf k|
Gas network.

Low Flow Temperature High Flow Temperature Heat Pumps usually Operate around@5or heating only and 5&for DHW
production.

Boilers operate above 66

Low Temperature High Temperature A heat pump operates &T5 GT8 in England).
difference (45/4@0 difference (75/6%8C) ADPSD YI ydzZFl OO dzZNBE NI & NR It dzk IBIE &l U XK:S

A boiler will operate abov&T8 (usually¥zT10 orGT15) which works for
radiators very well.

300%- 500% Efficient 909%95% efficient For every 1 unit of electricity, the heat pump will produce 3 to 5 units of hea

€y XAy 1NN ceonnn 2y @S ¢KSNB Aa | {9!L 3INYYUI 2F ecznnn ¥Fi
The prices include installation fees. All depends on the level of works requir
create a heat pump friendly system.



Design Flow & OAT Temperatures

With an air source heat pump:

A The output of the system will vary with the OAT (colder heat source, higher thermal lift)
A Lowest OAT (design conditions) will have the highest load!

A SCOP = Seasonal COP is the Average COP over a year at a design flow temperature.

A Heat Pump operation range: Manufacturer specific (DaMiherma, -20cC)



Design Flow & OAT Temperatures

V{0t

temperature at 35°C

RSaA3Iy KSIOAy3

Or SCOP at a design temperatures (55 or 35)

2 dz( LJdz( a

I NB dza dzI eCog 7°Clua@iSlgv o &

Wi

OUTDOOR UNIT PUZ-WMG60VAA(-BS) Item Symbol | Value | Unit Item Symbol Value Unit
HEAT PUMP SPACE ErP Rating A++ Rated Heat Output (*) Prated kw | Seasonal space heating S o
. , p 4.5 n 132 o
HEATER - 55°C Mg 142% energy cfﬁcicncy
SCOP (MCS) 3.56 Declared capacity for heating for part load at indoor Declared coefficient of performance or primary energy ratio for
HEAT PUMP SPACE ErP Rating At+++ Temperature 20°C and outdoor temperature Tj part load at indoor temperature 20°C and outdoor temperature Tj
HEATER - 35°C MNe 190% Tj=-7°C Pdh 5.03 kW | Tj=-7°C COPd 211
SCOP (MCS) 476 Degradation co-efficient (*#) fg: 0.99 k— ;
; Tj=+2°C P, 3.21 W | Tj=+2°C COP, 4.03
:$$EPHUMLP EDMPB":T—I:I,UN ErP Rating = - Degradation co-efficient (*¥) Cdh 0.99 -
_arge ¥rofile Mhwn__ 145% Tj= +7°C Pdh 220 KW | Tj=+7°C COPd 510
HEATING™= Capacity (kW) 6.0 Degradation co-efficient (*¥) Cdh 0.98 -
(A-7/W35) Power Input (kW) 1.88
CoP 3.20

Source: Mitsubishi ECODAN

Source: Grant Aerona5 Deg Cklow temp



Demand Curve (flow temperature)

Flow Temperature, deg. C System Load, kW

35cC

OAT, deg. C
7aC 15.5aC OAT Cut off




Inimuim

Outside Air Temperature i Avg. M

] S 2F

~

~

aAYAYdzy ¢SYLISNI G dzNB

38

Avg Min T (Deg C.)

16

14

VYV

12

10

7°C

48% Datapoints

under 7cC.

| RARIARAY'

-3 °C December

2010

Arenuer
Jaquiardas
Aen
Arenuer
Jaquialdas
Aen
Arenuepr
Jaquiardas
Aen
Arenuer
Jaquiaydas
Ae
Arenuer
Jaquiaydas
Aen
Arenuepr
Jaquiaidas
Aen
Arenuepr
Jaquiardas
AeN
Arenuer
Jaquiadas
Aen
Arenuer
Jaquialdas
Aen
Arenuepr
Jaquiardas
AeN
Arenuer
Jaquiardas
Ae
Arenuer
Jaquialdas
Aen
Arenuepr
Jaquiardas
Aen
Arenuer
Jaquiardas
AeiN
Arenuer
Jaquiaidas
Aen
Arenuer
Jaquiaydas
Aen
Arenuepr
Jaquiardas
AeN
Arenuer
Jaquiardas
Ae
Arenuer
Jaquiaidas
Aen
Arenuepr
Jaquiardas
Aen
Arenuer

5




e

SIOK Y2yiK F2N

Gdz2NE 2F SI C

e

~

¢ SY LIS NI

~

a i

f2¢S

AN PRUUNLI,

AAAAARAAAAANAAADAAAD

7 C
C

57% Datapoints
under 2cC

Outside Air Temperature T Lowest Recorded temperatures
2

-11 «CDecember

2010

Arenuer
Jlaqwialdas
Aen
Arenuer
Jlaqwiardas
Ae
Arenuer
Jlaqwialdas
e
Arenuer
Jlaqwialdas
Aen
Arenuer
Jlaqwiaidas
Aeln
Arenuer
Jaqwialdas
Aen
Arenuep
Jaquiardas
Aen
Arenuer
Jlaqwiardas
Aen
Arenuer
Jlaqwiaidas
Ae
Arenuer
Jlaquwialdas
Aen
Arenuer
Jlaqwialdas
Aen
Arenuer
Jlaqwialdas
Aeln
Arenuer
Jaqwialdas
Aen
Arenuep
Jaqwialdas
Ae
Arenuer
Jlaqwialdas
Aen
Arenuer
laqwiardas
Aen
Arenuer
laqwialdas
e
Arenuer
Jlaqwialdas
Aen
Arenuer
Jaquiardas
Aeln
Arenuer
Jaqwialdas
Aen

Arenuep
Lo
—

Lowest T (Deg C.)

Avg Min T (Deg C.)



Design Outside Temperature i Check

Option 1: CISBSE Guide A provides a method that uses eithdradr a 48hour mean temperature and then
carrying out a risk analysis of the likelihood of the design outside temperature being exceeded. (Section 2.3 Winter
Design Temperatures)

Option 2: Check using Heating Degree Days (degreedays.net), and use design temperature as base temperature.
Example:
In the last 12 months, there have been no heating degree days with a base temperatde€ of

There have beet56.6heating degree days, at base temperatug€/in the last 12 months



Heat Pump and Immersion

Full Load, kW

Immersion/external heat source kicks in at 7¢85
(Bivalent Point)

R

It slopes down as the
external heat source
takes over to meet the

load

OAT, deg. C

-11 deg. C 15.5deg. C
OAT Cut off



Immersion vs Heat Pump Cost

They are a bit like giant kettles in that a conductive element is used to heat
the water and an electric Kettle is ~80% efficient.

So say for 50L of water to be heated ta@5rom the Cold water feed (&) When your Mam rea“S.eS
you've left the immersion on

50L x 4.2 x (45) = 8.4 kW of heat required

Heat Pump @ COP 2.1 (very poor COP)
n 12 StSOGNAOIFIE AyLzi X HyO LISNJI {2

Immersion @ 90% efficiency
pdPo 12 SESOUNAROFE AyLMzi X HyO LISNJI

We want to reduce or remove the amount of time the immersion is used



Optimal Design Flow & OAT Temperatures

Flow TemperaturegC System Load, kW
48 C SH2.0 Project: Sugge8t48
Supplier or Designer will
specify
OATC

-3C 15.50COAT Cut off




OAT vs

4.0
as
3.0
25

20

COP

15

1.0

0.5

0.0

COP

SH001 - COP vs Outside Temperature

—— Cyerall COP

= Average Outside Temperature

s COP required to equal Oil Cost

20-Feb 22-Feb 24-Feb 26-Feb 28-Feb 02-Mar

Day

04-Mar 06-Mar 08-Mar

10-Mar

100

8.0

6.0

4.0

20

0.0

Temperature (*C)



OAT vs Cost Savings

SH001 - Cost Savings vs Outside Temperature

e Savings — =—Average of OutsideTemperalure

€3.50 -

€3.00 |

g
8

2

Cost Savings per day (€)

€1.00

€0.50

€0.00

| ‘
T T T T ™ T T T

20-Feb 21-Feb 22-Feb 23-Feb 24-Feb 25-Feb 26-Feb 27-Feb 28-Feb 01-Mar 02-Mar 03-Mar 04-Mar 05-Mar 06-Mar 07-Mar 08-Mar 09-Mar 10-Mar
Day

r 10

[

1=

[

b

Temperature (°C)



Nominal Flow rate and ool
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Meaning the flowrate through the condenser will be double that of the radiator circuit.
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degrees C

ol & COP

10.0

M DebaT

Bcor —

3.0 |

2.0
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SHO1S5 SHO8& SH14% SHOON SH13% SHOOS SHO31 SH103 5 SH123 SH127 SHO7& SHO18

Figure 32: Average flow/return AT for SH2.0 systems



Pipe Sizing

Pipe sizing and circulation pumase criticalfor the correct
operation of the heat pump and the heating system.

SI G LdzyYL) Fft246 NI

CKS Y2YAYI $
RS&AIY °R¢ F2NI NE.

K
condenseris3 G KATf S

This means that at full load, the flow rate through the heat pump
should be twice that through the radiator system.

Under sizing the pipe work will have a knodn effect:the
building will not reach the desired comfort temperature and as a

result will have frequent cycling of the compressor, reducing its Source:SigmarHeating & Air Conditioning

life time. —rp t-6o--t]HHLL

| AGKSNI Ft26 NIGS 6Aatt OFrdasS I NB . wwees  2gg NBUd
the radiator and lead to a higher MWT. oy -

- IF U e nun exceeds the valusas listed below please
Mt contact the Daikin reland Engineeding Tearr
- For each fitting, reduce pipe run by 1m

The increase in MWT does not lead to a significant increase in

output once flow rate exceeds the standard water flow rate. Source: Daikin Schematic Book



Existing Pipe work

kW/s of power the pipe can carry in the centre.

Heat output

Heat output

Heat output

Heat output

PIpe SIZ€ |5 9 mps @DT5) (0.9 mps @DT7) (0.9 mps @DT14 (0.9 mps @DT15
mm kW kW kW kKW
8 0.75 1.05 15 2.25
10 1.15 1.61 2.3 3.45
12 1.72 2.41 3.4 5.16
15 2.75 3.85 5.5 8.25
22 6 8.46 12 18
28 10 14.2 20 30
35 15.75 22 30.15 450




Water Velocity & Pressure Drop

CIBSE Guide A provide considerations when selecting the appropriate pipe size for a given design flow rate:
A Pipework noise If velocity is high enough it will cause vibration (noise) or erosion of the pipe material.
A Erosion of relatively soft metals such as copper can occur at elbows if the water velocity is excessive.

A Pipes must be sized such that the energy consumed by the pump is not excessive. Smaller pipes will have a greate
resistance to flow and will therefore incur a greater pump energy consumption compared to larger pipes.

A Pipes should be sized based on a criterion of not exceeding 200 Pa/m.

Table 1.A1.4: Recommended range of maximum water velocities.

Pipe diameter (mm) Copper Steel

15-50mm 1.0 m/s 1.5 m/s

Over 50mm 1.5 m/s 3m/s




Example Air source Heat Pump

Piping Connections ey
Refrigeration Liquid Connection - 5/8
B} Refrigeration Gas Connection - 1/4

Piping Guidelines
nimum: 3m

mum: 30m (ventilation required if 27 m+

Height D nce: 20m

il iel die: .__ mir

1u

i
¥

th

LEGEND:
ou Ourtclastr Unit ERGAD-080N
¥ Indoar Unit EHVHIO4-0BS(1B/23 D6V DoW
v kolation Valve dalivered with unit
FK Filling Kit field supply, according to local regulations
5TR | Strainer fiedd supply
EV Expandion Vessel fiedd supply
CW | Waler Inlet Salety Group | field supply . according to local regul ations
TMYV | Therrnostatic Valve fiedd supply
BPY | ByPass Valve delivered with unit
UFH | Underfioor Heating fiedd supply
UH | Manifold fiedd supply
RAD
BPV
r"‘q‘ MV 1
UFH
UH




Example Air source Heat Pump



