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About this Presentation 
Ȱ(Ï× ÍÕÃÈ ÅÎÅÒÇÙ ×ÉÌÌ ÔÈÉÓ ÈÅÁÔ ÐÕÍÐ ÓÁÖÅ ÍÅȩȱ

This presentation details the calculations used to 
answer this question confidently. 

The calculations used to demonstrate the SCOP 
(seasonal coefficient of performance) prediction 
method includes Arctic heat pumps performance data 
and NYC weather data as inputs. This serves to provide 
a localized exhibit of the capabilities of Arctic Heat 
Pumps in the NYC area as they relate to performance 
and efficiency.



About this Presentation -
Continued

Efficiency predictions for heat pumps are seldomly 
performed. Why? 

Efficiency calculations have limited usefulness for standard North 
American buildings that use single heat emitter and have limited fuel 
source options. 

Efficiency predictions are complicated to set up, heat pump model 
specific, and labour intensive to perform.

Result = Lots of uncertainty and generalizations regarding heat pump 
capabilities in North America - possibly resulting in sub-optimal system sizing. 

Paradoxɀ&Å× .ÏÒÔÈ !ÍÅÒÉÃÁÎȭÓ ÐÕÒÃÈÁÓÅ ÓÏÌÁÒ 06 ×ÉÔÈÏÕÔ ÓÏÍÅ ÉÄÅÁ ÏÆ 
project specific energy savings. It is electrification efforts, high propane/oil 
costs, and cooling requirements that are driving heat pump adoption in absence 
of easily accessibleand applicableefficiency knowledge. 



About this 
Presentation 
- Disclaimers-

ÅThis presentation is particular to hydronic air-to-
water heat pumps, with concepts applying to all 
heat pump types.

ÅThis presentation is particular to the climate of the 
NYC area, with concepts applying to all North 
American climates.

ÅThis presentation is particular to residential and 
light commercial buildings. 

ÅInaccuracy is inherent to any efficiency prediction 
(no year has same weather). This presentation 
does not claim accurate data, nor has the 
presented data been verified. 

ÅNot an academic presentation.  



Basic Air-to-Water Mechanics 



Air Source Heat Pump Benefits 
Why are air source heat pumps valuable?

Micro (Consumer) 
Low utility costs (rural markets with no NG)
Cooling device
Carbon reduction 
Solar PV pairings 
Dual Fuel
Multi-Distribution

Macro (Utility)
Introduce vast amounts of energy into the grid system via the atmosphere. 
Arctic SCOP in NYC = >3 average

If a building heated by NG, 1/3 of NG used to heat building could be used to generate electricity 
which could power a heat pump which would fully heat building.
Replace 2/3 of NG use with free atmospheric energy (building is going to lose energy right back to 
atmosphere anyways)
What to do with other 2/3 of NG leftover? 
Fully renewable grids = Easier to size renewables for 1/3 building loads. 



Air Source 
Heat Pump 
Efficiency -
COP

Coefficient of performance (COP)

Å The amount of energy a heat pump delivers into a building 
in an hour divided by the amount of energy used to power 
the heat pump.

ÅA comparison of the energy required to power a heat pump 
against an electric resistance element performing same 
heating task. 

ÅComprised of outdoor temperature (OD) and output 
temperature (OT) specific lab tested performance data. 

ÅȰ3ÎÁÐÓÈÏÔ ÄÁÔÁȱ ÁÐÐÌÉÃÁÂÌÅ ÔÏ Á ÓÉÎÇÌÅ ÈÏÕÒȟ ÓÉÎÇÌÅ /$ȟ ÁÎÄ 
single OT. 

ÅGood indicator of general heat pump efficiency.

ÅUsed to size heat pumps to full load with no backup. 

ÅNot good metric for conclusive efficiency statements. 

ÅExample ɀR32 better low OD efficiency but reduced mild 
OD efficiency compared to R410A. 

ÅWhich refrigerant results in highest efficiency? It 
depends where you live.

Å In NYC, R32 Arctic units are more efficient than 
R410A units. 

Å ^How can we know this?



Air Source Heat 
Pump Efficiency 
ɀCOP Charts 

Heat pump model specific

Lab tested heat pump 
performance. 

Arctic provides multi-variable 
COP charts across wide 
operational range. 

X axis = OD

Y Axis = OT 

Each cell output contains = 
Output/Input/COP recording 
for lab test at OD/OT for HP 
model



Air Source Heat Pump Sizing ɀStandard 
COP Based Sizing Process 

Standard heat pump sizing process:
Determine building demand load, then use COP chart to select heat pump 
model that produces nearly or all of demand requirements at design 
temperature. Specify backup boiler near or at demand load. 

ExampleãBuilding requires 35000 BTU / 10.25 KWH @ 5 F with 106F OT.

Arctic 2.5 ton 035ZA/BE produces 7.1 KWH @ 5F heating to 106F OT

Arctic 4 ton 050ZA/BE produces 11.3 KWH @ 5F heating to 106F OT

What HP is the better option here if both paired with a backup boiler? 
#/0 ÓÉÚÉÎÇ ÍÅÔÈÏÄ ÄÏÅÓÎȭÔ ÁÎÓ×ÅÒ ÔÈÁÔ ÑÕÅÓÔÉÏÎȢ !ÌÌ ×Å ËÎÏ× ÉÓ ×ÈÁÔ ÔÈÅ 

unit will be doing during an hour of year spent at a certain OD. 



Expanding the Value of COP Data ɀ
SCOP prediction 

Can we determine the COP of a heat pump at all moments in time? 

Can we account for all energy in and out of the heat pump and building?

We can get close. We can create an SCOP (seasonal coefficient of 
performance) predication chart. 

3#/0 ÐÒÅÄÉÃÁÔÉÏÎ ÉÓ ÔÈÅ ÐÒÏÃÅÓÓ ÏÆ ÁÐÐÌÙÉÎÇ Á ÈÅÁÔ ÐÕÍÐȭÓ #/0 ÃÈÁÒÔ ÁÃÒÏÓÓ 
an average heating season for a specific location and building. 

SCOP calculation tables are organized by outdoor temperatures (OD)



SCOP 
Prediction 
Outputs

The following data points are examples of outputs we can produce by predicting 
seasonal heat pump performance:

Seasonal Heat Loss (SHL)

The amount of energy a building will loose to the atmosphere in an average heating season. 

Seasonal Heat Pump Output (SOUT)

The amount of energy a heat pump model will output into building throughout average heating season. 

Seasonal Heat Pump Input (SIN)

The amount of energy a heat pump model will consume producing SOUT value.

Seasonal Backup Requirement (SBR)

SBR = (SHL ɀSOUT)

The amount of energy in average heating season that must be produced by secondary source if heat pump model 
selected. 

Heat Pump Seasonal Coefficient of Performance (HSCOP)

HSCOP = (SOUT / SIN)

The efficiency of producing SOUT when compared to electric resistance. 

System Seasonal Coefficient of Performance (SYSCOP)

SYSCOP = [(SOUT+ SBR) / (SIN + SBR)]

SYSCOP factors HP output with backup boiler input to produce overall system efficiency in comparison to electric 
resistance.  

Initial Backup Activation Temp (IBAT)

The coldest expected outdoor temperature that does not require backup input when heat pump operated for an hour. 

Backup Requirement at Design Temp (BRDT)

The amount of energy from backup boiler that is required to maintain building set temperature when running for 1 hour 
at design temperature (DT) concurrently with heat pump model. 

The energy that heat pump cannot produce at DT. 



SCOP Prediction Outputs ɀUsages 

Heat pump model selection

Generator/solar PV sizing 

R.O.I calculations 
Heat pump comparisons

Electric resistance

Natural gas

Propane

Oil

Carbon reduction predictions 



SCOP Prediction Outputs ɀArctic Heat 
Pumps in NYC

Å Chart does not factor HP defrost 
Å Chart based on fixed 110F outlet water temperature (OWT)
Å Chart uses JFK airport weather data
Å Chart uses Arctic R32 EVI heat pump COP data 
Å Chart factors 15% propylene glycol 
Å Chart factors no heating above 65F OD 
Å Model recommendations based on rough R.O.I calculation that factors cost to upgrade to larger HP option against the energy savings available from that upgrade. 

*Use this chart to size Arctic Heat Pumps for buildings with demand loads up to 300,000 BTU in the NYC area*

The remainder of this presentation explains how we produced these outputs 



SCOP Prediction Inputs 

3 input sources are required to produce SCOP predictions:

Heat pump COP charts 

Building heat loss @ design temperature (Manual J)

BIN Weather Data

We can process data from these 3 sources to accurately 
forecast the efficiency of a specific heating system. 



Procedure for Predicting SCOP

Determine building heat 
loss

Produce heat pump 
ability table (HRANGE)

Produce heat pump 
working table 
(WRANGE) 

$ÅÔÅÒÍÉÎÅ ÌÏÃÁÔÉÏÎȭÓ /$ 
range and cumulative 

hours spent at each OD 
(BINRANGE)

Produce seasonal heat 
loss table (SRANGE)

Create seasonal results 
table (RSLT)

Summarize to produce 
SCOP prediction outputs



SCOP Predictions ɀStep # 1 ɀ
Determine Heat Loss

Determining how much energy building will loose to atmosphere during 
an hour when OD is at DT.

Design temp = OD that is experienced for 1% of average year at location. 

Methods to determine heat loss:
Manual J 

Estimating load based on Sq. Ft. 

Calculating load from existing usage 

^All methods result in an estimated heat loss figure at design 
temperature. 

Used as single basis point to determine SHL, so accuracy important. 



Example Manual J 
Å 96212 BTU Load @ 9F
Å 8300 SF
Å New Construction 



SCOP Predictions ɀStep # 2 ɀProduce 
HRANGE

HRANGE is the output/input ability of a heat pump at all outdoor temperatures (OD) and output temperatures (OT) 
×ÉÔÈÉÎ ÔÈÅ ÈÅÁÔ ÐÕÍÐȭÓ ÏÐÅÒÁÔÉÎÇ ÌÉÍÉÔÓ. 

Requires multi variable COP charts (more data points the more accurate HRANGE). 

We take tested performance data points and infer the data between the tested points by using linear equations.

[(PERFORMANCE DELTA) / (OD DELTA)] + last data point (real or inferred)

Example - COP chart for Arctic 5-ton shows:

13.5 KW Output @ 5F OD and 106F OT

14.9 KW Output @ 17.6F OD and 106F OT 

,ÅÔȭÓ ÉÎÆÅÒ ÔÈÅ ÏÕÔÐÕÔ ÄÁÔÁ ÆÏÒ ά& Ά ΧΦά&Ȣ

[(14.9 ɀ13.5) / ((17.6 - 5)] + 13.5 = 13.6 KW

Thus, we can predict that at 6F the 5-ton Arctic unit will output 13.6 KWH, and 13.6 would now be used in formula to determine 
output @ 7F. 

This is done for both HP output and input. 



Arctic 5-ton 060ZA/BE-R32 COP Chart 

4ÈÉÓȣ



Arctic EVI HRANGE 

"ÅÃÏÍÅÓ ÔÈÉÓȣ

Å X axis = All OD temps (F) between min and max operating OD
Å Y Axis = All OT temps (F) between min and max OT ratings
Å Yellow = Tested COP data
Å All other cells = inferred



SCOP Predictions ɀStep # 3 ɀProduce 
WRANGE

WRANGE is the working data from HRANGE. By working, we mean 
that we have isolated the heat pump ability range to only data that 
applies to the specific project in question, and we have accounted for 
performance derating that is project specific.

To create a WRANGE, we must perform the following:

)ÓÏÌÁÔÅ /4ȭÓ

Derate performance 



Produce 
WRANGE -
Isolate OTs 

ÅFor every heating device, only a single output 
temp can be achieved at a given moment.

ÅIf we fix the OT across the SCOP prediction, our 
WRANGE will contain HP output/input data at a 
single OT.

Å110F OT is fixed for the calculations in this 
presentation

ÅAs an advanced modifier, an outdoor reset curve 
calculation can be applied to SCOP predication to 
determine lowest OT that will maintain building 
set temp at any given OD, and then factor that OT 
curve in WRANGE.



Produce WRANGE ɀ
Performance Derate

Derate Source #1 ɀGlycol 

For projects that run monobloc A2W and see 
freezing ODs in winter, a certain % of the 
fluid in hydronic system will consist of 
propylene glycol. This is because hydronic 
fluid is sent outside to/from the heat pump. 

Glycol does not transfer energy as efficiently 
as water (particularly as fluid temp 
decreases) so a performance derating effect 
must be applied to data in WRANGE. 



Produce WRANGE ɀ
Performance Derate

Determine percentage of glycol 
in system:

Can be done manually, or 
automatically by indexing and 
matching glycol % table to DT.

Note* - Monobloc systems should not require 
glycol % specified to burst protection.

DT (F) % PROP GLYC

32 0

30 5

20 10

10 15

0 20

-10 25

-20 30

-30 35

-40 35

-50 40



Produce WRANGE ɀPerformance 
Derate

Determine glycol derate effect:
This can be done manually or automatically be indexing and matching glycol correction 
factor table to selected glycol % and OT. 

Apply correction factor to performance data being used in WRANGE

Outdoor reset curves = variable glycol derate effect

Glycol % 0 5 10 15 20 25 30 35 40

OT (F)

40 1.005 0.99575 0.9865 0.97725 0.968 0.955 0.942 0.927 0.912

50 1 0.992 0.984 0.976 0.968 0.9565 0.945 0.93 0.915

60 0.999 0.9915 0.984 0.9765 0.969 0.958 0.947 0.9325 0.918

70 0.995 0.98875 0.9825 0.97625 0.97 0.9595 0.949 0.9345 0.92

80 0.993 0.9875 0.982 0.9765 0.971 0.9605 0.95 0.9355 0.921

90 0.991 0.986 0.981 0.976 0.971 0.9605 0.95 0.9365 0.923

100 0.99 0.98525 0.9805 0.97575 0.971 0.961 0.951 0.938 0.925

110 0.987 0.983 0.979 0.975 0.971 0.9615 0.952 0.9395 0.927

120 0.986 0.982 0.978 0.974 0.97 0.961 0.952 0.9405 0.929



Produce WRANGE ɀPerformance 
Derate

Derate Source #2 ɀDefrost 

Air source heat pumps occasionally build ice on their evaporator coil in 
winter by way of exposing a cold material to a humid environment. 

The extent ice will build up is based on many variables.

When ice buildup occurs, HP needs to run in reverse (cooling mode) to 
produce hot refrigerant at evaporator coil.

There are 3 derate penalties involved with HP defrosting:
The energy lost to atmosphere by hot refrigerant at evaporator

The energy required to regenerate lost energy 

The loss of time available to produce lost energy



Produce WRANGE ɀ
Performance Derate

Defrost Derate ɀAdvanced Modifier

The SCOP calculations in this presentation do not 
containa defrost derate factor

Difficult calculations with uncertainty. 

Best method to factor defrost is apply 2-5% (based on 
winter humidity) increase to seasonal heat pump input 
(SIN) value.

SOUT/SBR should not change as primary defrost 
happens when heat pump has extra capacity. 

Defrost decreases HSCOP & SYSCOP by small 
amount. 

Derate penalty likely nullified if running outdoor 
reset via efficiency increase.  



Produce WRANGE ɀSummary

4ÁËÅ ÙÏÕÒ (2!.'%ȣȣȢ



Produce WRANGE - Summary

Isolate data to create 
72!.'%ȣȣȢ

ÅOnly data from a single OT is 
inputted for each OD.

ÅData is derated.

ÅWRANGE table will contain North 
!ÍÅÒÉÃÁȭÓ ÈÅÁÔÉÎÇ ÔÅÍÐ ÒÁÎÇÅ 
(About -50F to 65F) if building SCOP 
tool that can be used for any 
location.  



SCOP Predictions ɀStep # 4 
ɀProduce BINRANGE 

Determining the number of 
hours per year that a location 
will experience any OD that 
has been recorded in area. 

ASHRAE BIN Weather Data 

BIN weather data = Summary 
of long-term weather records

Historic data summarized by 
attributing cumulative hour 
value (CUMHR) to an outdoor 
temp. 



BINRANGE ɀJFK Airport 

Source = ASHRAE Weather Viewer
Å Only 23 hours on average spent at 20F or below (1.6% of year)



BINRANGE ɀHeat 
Pump Sizing Concept 

Viewing the BIN Chart for JFK provides 
an opportunity to visualize a concept in 
heat pump sizing.

If we overlay a rough SCOP chart with 
an energy scale as Y axis the chart 
demonstrates an important concept in 
heat pump sizing.

The concept is = There is a fleeting 
window of time that a larger heat pump 
can provide value compared to a 
smaller option.

The colder the OD, the less frequently it 
is experienced. 

ASHP capacity is expensive on per BTU 
output basis compared to conventional 
heating sources. Arctic designs 
hydronic systems with backup boilers 
not because we are unable to maintain 
load (we can size to -35F) but because it 
is often more economical to undersize 
heat pump to demand load and rely on 
more backup input. This is especially 
true when going from 1 HP to 2 HP. 


