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ABSTRACT 
Heat pumps (HPs) and their individual components experience a significant share of operation away 
from the design point, due to both sink and source temperature variations as well as operation at 
part load. In the present study, we expand a generalized HP COP estimation for design conditions 
to include the performance of conditions within the typical limits for the operating range. The 
estimation was compared to results based on detailed thermodynamic models of two representative 
HP installations, of different size and design temperatures. The considered configurations include a 
14 kW R134a one-stage cycle and an 800 kW two-stage ammonia heat pump. Based on the design 
point COP estimation, and five linearized off-design contributions, the performance estimation of 
COP showed a maximum deviation of 8 %. 
Keywords: Heat pumps, Compressors, COP estimation, Performance modelling. 

1. INTRODUCTION

The Coefficient of Performance (COP) of a heat pump (HP) is highly dependent on four temperatures 
defined by the heat source and the heat sink. In addition the load impacts the COP. To obtain an 
estimation of performance for design conditions, as well as for operation off the design point, 
performance characteristics may be provided from HP suppliers. However, the detailed information 
presented in preliminary tenders is in most cases not needed for the first assessment or even for the 
technical feasibility analysis. The main barrier for HP integration is the operating cost of the system 
(Ommen et al., 2015). If the performance of a plant depends mainly on external factors (heat source 
and heat sink) the differences between specific cycle and component choices are of secondary 
interest. The tender process may thus be seen as a barrier for effortless feasibility analysis which 
results in fewer successful HP installations.  
In a recent paper (Jensen et al., 2018) a generic equation for the COP of a simple one-stage HP 
cycle was derived analytically for operation between two finite capacity reservoirs. By use of a 
number of well-established design parameters, the heat pump COP was estimated for design 
conditions. The presented estimation method required specific information about refrigerant 
properties. The estimation procedure for COP was included as part of an early assessment tool for 
evaluating the feasibility of implementing large-scale HPs. In the present study, the COP estimation 
was expanded to consider conditions within typical limits for the operating range of such installations. 
The aim of the paper is to present a method for estimation of performance off the design point of 
equipment. The COP performance estimation is presented and the results are compared to detailed 
thermodynamic cycle calculations for two specific installations. The point of origin is the method for 
COP estimation for a design case, and the attempt to use linearized off-design contributions for 
important parameters and variables. 

2. METHODS

In industrial processes, as well as for the case of DH networks, the heat capacity of the reservoirs 
are finite, in which case the temperature glide may be a significant factor for the competitiveness of 
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various technologies. In order to evaluate the COP, the analysis addressed five specific parameters 
of the HP. The parameters were the four temperatures of the finite reservoirs as well as the part load 
ratio, defined as the load of the unit compared to the design load. 
The first subsections address important characteristics of the existing COP estimation for design 
conditions, and briefly address how the method was modified to estimate the performance of specific 
cases of HPs in off-design operation. The last section presents the method to obtain detailed 
thermodynamic cycle calculations used for comparison and verification of the developed method.  

2.1. COP estimation of heat pump processes in design conditions 
The generic equation for the COP is based on the Second Law of Thermodynamics, from which it is 
known that the limit to COP can be calculated as a reversible cycle operating between two finite 
reservoirs (Lorenz, 1894) as shown in Eq (1).   

COPLorenz =
𝑇𝑇�𝐻𝐻

𝑇𝑇�𝐻𝐻 − 𝑇𝑇�𝐶𝐶
=

𝑇𝑇�𝐻𝐻
∆𝑇𝑇�lift

 Eq. (1) 

Constant heat capacities were assumed for the secondary heat sink and heat source processes, in 
which case the entropic mean temperatures may be calculated as presented in Eq. (2). 

∆𝑇𝑇�𝐻𝐻 = ∆T𝐻𝐻
ln�

𝑇𝑇𝐻𝐻,𝑜𝑜
𝑇𝑇𝐻𝐻,𝑖𝑖

� 
 ,     ∆𝑇𝑇�𝐶𝐶 = ∆T𝐶𝐶

ln �
𝑇𝑇𝐶𝐶,𝑖𝑖
𝑇𝑇𝐶𝐶,o

�
 Eq. (2) 

To approach real performance of HPs in finite reservoirs, the Lorenz efficiency may be used, given 
as the ratio between the performance of an actual HP and the Lorenz COP. 
A real cycle calculation includes appropriate characteristics of the working fluid and ensures 
appropriate temperature differences for the heat transfer process. Fig. 1 shows the simple one-stage 
HP configuration and a simplified temperature versus heat load (𝑇𝑇-�̇�𝑄) diagram for the two heat 
exchangers. The 𝑇𝑇-�̇�𝑄 diagram indicates the temperature differences between the external sink and 
source streams and the internal processes in case of a sub-critical heat pump cycle for pure fluids 
and azeotropic mixtures. The minimum temperature difference encountered is referred to as the 
pinch point temperature difference, ∆𝑇𝑇PP. In the condenser, the analysis assumes the fluids will reach 
the pinch point temperature difference at two occasions, one during the condensation process and 
again later during the subcooling process. In this way, the degree of subcooling was fixed as a 
consequence of the sink temperature glide. As shown in the 𝑇𝑇-�̇�𝑄 diagram, the temperature difference 
in the heat exchanger was considered as the sum of two contributions, the pinch point temperature 
difference, ∆𝑇𝑇PP, and the temperature difference imposed by the refrigerant, ∆𝑇𝑇𝑟𝑟.  
The pressure-enthalpy (p-h) and temperature-entropy (T-s) diagrams for the sub-critical heat pump 
cycle are presented in Fig. 2. Two processes are shown in the diagrams, the internally reversible 
process (1-2s-3-4s) and the real subcritical vapour compression process (1-2-3-4). The compression 
work of the compressor was defined based on the isentropic efficiency, 𝜂𝜂is,c, and the heat loss ratio 
of the compressor, 𝑓𝑓𝑄𝑄, which was the ratio between compressor heat loss (𝑞𝑞𝑐𝑐 = ℎ2𝑤𝑤 − ℎ2) and com 
pression work (𝜔𝜔𝑐𝑐 = ℎ2𝑤𝑤 − ℎ1). Isenthalpic expansion was assumed for the real subcritical vapour 
compression process. 

 
Figure 1: Configuration of a simple one-stage heat pump process and a principle temperature heat load diagram 
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Figure 2: Pressure - enthalpy and temperature - entropy diagram of a simple one-stage heat pump process. 

The analytically derived expression for COP (Jensen et al., 2018) is presented as Eq. (3), for a single 
stage HP cycle, as shown in Fig.1 (superscript 0 denotes design calculation).  

COP0 =

⎝

⎜
⎛

COP𝐿𝐿
1 +

𝛥𝛥𝑇𝑇�𝑟𝑟,𝐻𝐻 + 𝛥𝛥𝑇𝑇�pp
𝑇𝑇�𝐻𝐻

1 +
𝛥𝛥𝑇𝑇�𝑟𝑟,𝐻𝐻 + 𝛥𝛥𝑇𝑇�𝑟𝑟,𝐶𝐶 + 2𝛥𝛥𝑇𝑇�pp

𝛥𝛥𝑇𝑇�lift

𝜂𝜂is,𝑐𝑐 �1 −
𝑤𝑤is,𝑒𝑒

𝑤𝑤is,𝑐𝑐
�+ 1 − 𝜂𝜂is,𝑐𝑐 − 𝑓𝑓𝑄𝑄

⎠

⎟
⎞

 Eq. (3) 

The variables and parameters needed to evaluate Eq 3. can be divided in three groups. The first 
group consists of variables dependent on the temperatures entering and exiting the heat source 
and heat sink (COP𝐿𝐿, 𝑇𝑇�𝐻𝐻 and ∆𝑇𝑇�lift). The second group consists of well-established design 
parameters for specific components (𝜂𝜂is,𝑐𝑐, 𝑓𝑓𝑄𝑄 and 𝛥𝛥𝑇𝑇�pp) and the third group contains variables 
which are dependent on certain characteristics of the refrigerant integration with sink and source 
(𝑤𝑤is,𝑒𝑒 𝑤𝑤is,𝑐𝑐⁄ , 𝛥𝛥𝑇𝑇�𝑟𝑟,𝐻𝐻, and 𝛥𝛥𝑇𝑇�𝑟𝑟,𝐶𝐶).  
In order to use the analytically derived expression for COP, approximations (or qualified guesses) 
were required for the third group of variables. In case of limited superheat of the evaporator, the 
refrigerant-induced temperature difference in the evaporator, was approximated as half of the value 
of the source temperature difference, 𝛥𝛥𝑇𝑇�𝑟𝑟,𝐶𝐶 = 1 2⁄ 𝛥𝛥𝑇𝑇𝐶𝐶. The two remaining dependent variables 
(𝑤𝑤is,𝑒𝑒 𝑤𝑤is,𝑐𝑐⁄  and 𝛥𝛥𝑇𝑇�𝑟𝑟,𝐻𝐻) were fitted using simple linear approximations. The approximations were 
based on simulation results for a wide range of operating conditions (Jensen et al., 2018). The form 
of the approximations is shown in Eq. 4.  
∆𝑇𝑇�𝑟𝑟,𝐻𝐻 = 𝑎𝑎�𝑇𝑇𝐻𝐻,𝑜𝑜 − 𝑇𝑇𝐶𝐶,𝑜𝑜 + 2𝛥𝛥𝑇𝑇�pp� + 𝑏𝑏∆𝑇𝑇𝐻𝐻 + 𝑐𝑐,     𝑤𝑤is,𝑒𝑒

𝑤𝑤is,𝑐𝑐
= 𝑎𝑎�𝑇𝑇𝐻𝐻,𝑜𝑜 − 𝑇𝑇𝐶𝐶,𝑜𝑜 + 2𝛥𝛥𝑇𝑇�pp� + 𝑏𝑏∆𝑇𝑇𝐻𝐻 + 𝑐𝑐 Eq. (4) 

For Ammonia and HFC-R134a the coefficients are presented in Table 1.  
Table 1. Coefficient for the linear models of ∆𝑻𝑻�𝒓𝒓,𝑯𝑯 and 𝝎𝝎𝐢𝐢𝐢𝐢,𝐞𝐞

𝝎𝝎𝐢𝐢𝐢𝐢,𝐜𝐜
  

  Ammonia  HFC-R134a 
Coefficient  a b c  a b c 
∆𝑇𝑇�𝑟𝑟,𝐻𝐻  0.1853 0.1118 -1.0783  -0.0102 0.2647 2.6985 

𝑤𝑤is,𝑒𝑒 𝑤𝑤is,𝑐𝑐⁄   0.0013 -0.0021 0.0306  0.0031 -0.0044 0.0259 

2.2. COP performance estimation of heat pump processes in off-design  
Based on the COP estimation for design conditions, and a number of linearized contributions, an 
estimate of the HP performance off the design point of equipment was developed. Such models are 
sometimes categorized as performance models in literature (Tassou et al., 1983). By refining the 
estimation to include performance modelling, the applicability of the estimation increases to a point 
where it could be used for various types of detailed analysis, e.g. to include the hourly variations of 
performance in the levelized cost of heat, or to evaluate the seasonal impact of specific design 
considerations.  
For models representing specific equipment, a number of changes are required, in order to switch 
from design calculations to a performance model. The changes include adding details to individual 

 
 100025th IIR International Congress of Refrigeration, Montreal, Canada, 2019



 

components such as fixing volumetric capacities, specific characteristics of compression and 
expansion processes as well as specifying the dimensions and type(s) of heat exchangers.  
For a number of specific inputs used for Eq. 3, the magnitude of the parameters and dependent 
variables may change from the design value, depending on the location of the operation point. On 
the other hand, if the changes of the values are known in advance, the individual contributions may 
be used to estimate the COP in both design and performance modes. 
Specifically for the input parameters, the different types of contributions were subject to different 
changes when considering performance modelling. Variables dependent on the case temperatures 
were included directly “as is” as would be the case in thermodynamic performance modelling. 
Parameters for specific components were expected to change according to the characteristic 
information, with the magnitude of such change to be characterized directly based on the information 
provided by the manufacturer. Depending on the impact of a parameter on the COP, the individual 
values were chosen to be either fitted, or considered to result in insignificant changes, in which case 
the parameter was fixed to the design value. Lastly, the characteristics of the refrigerant integration, 
which were fitted specifically for a design case, was found to require some adjustment. Again, such 
values were either fitted to obtain changed characteristics, or fixed in case of insignificant impact. 
Table 2 shows the choice for parameters and variables for COP estimation in performance mode.  

Table 2. Changed characteristics to certain parameters and variables for COP estimation  
  Change in sink temp 

(inlet and/or outlet) 
Change in source temp 

(inlet and/or outlet) 
Operation in part load 

C
om

po
ne

nt
 

sp
ec

ifi
c 

𝜂𝜂is,𝑐𝑐 Insignificant Insignificant Fitted 
𝑓𝑓𝑄𝑄 Insignificant Insignificant Fitted 

Δ𝑇𝑇𝑝𝑝𝑝𝑝,𝐻𝐻 Fitted Fitted Fitted 
Δ𝑇𝑇𝑝𝑝𝑝𝑝,𝐶𝐶 Fitted Fitted Fitted 

R
ef

rig
er

an
t 

in
te

gr
at

io
n Δ𝑇𝑇�𝑟𝑟,𝐻𝐻 Fitted Fitted No change expected 

Δ𝑇𝑇�𝑟𝑟,𝐶𝐶 Fitted Fitted No change expected 
𝑤𝑤is,𝑒𝑒

𝑤𝑤is,𝑐𝑐
 Insignificant Insignificant Insignificant 

The calculation procedure for COP estimation off the design point of equipment was performed as 
follows. First, COP was calculated for design conditions, using available information about 
temperatures and estimation of component specific parameters, as well as the approximations for 
the characteristics of the refrigerant integration for Eq. 4. Subsequently, the COP estimation for 
performance mode was considered, which is denoted by a star superscript, as presented in Eq. 5. 

COP∗ =

⎝

⎜
⎛

COP𝐿𝐿
1 +

𝛥𝛥𝑇𝑇�cond,is
∗

𝑇𝑇�𝐻𝐻

1 +
𝛥𝛥𝑇𝑇�cond,is

∗ + 𝛥𝛥𝑇𝑇�evap,is
∗

𝛥𝛥𝑇𝑇�lift

𝜂𝜂is,𝑐𝑐
∗ �1 −

𝑤𝑤is,𝑒𝑒

𝑤𝑤is,𝑐𝑐
�+ 1 − 𝜂𝜂is,c

∗ − 𝑓𝑓𝑄𝑄∗

⎠

⎟
⎞

 Eq. (5) 

where all elements with a star superscript were fitted to obtain an appropriate performance 
parameter/variable. The fit was performed for each model individually from detailed results derived 
according to the method presented in subsection 2.3 below. The calculation of the performance 
model of entropic average temperature differences in condenser and evaporator (𝛥𝛥𝑇𝑇�cond,is

∗  and 
𝛥𝛥𝑇𝑇�evap,is

∗ ) follows the calculation of Eq. (6) and (7), which uses the value of certain parameters in the 
design calculation (superscript 0). 

𝛥𝛥𝑇𝑇�cond,is
0 = 𝛥𝛥𝑇𝑇�𝑟𝑟,𝐻𝐻

0 + 𝛥𝛥𝑇𝑇�pp,H
0 ,     𝛥𝛥𝑇𝑇�cond,is

∗ = 𝛥𝛥𝑇𝑇�cond,is
0 + 𝛼𝛼1(∆𝑇𝑇𝐻𝐻 − ∆𝑇𝑇𝐻𝐻0)− 𝛼𝛼2(1 − 𝑟𝑟PL) Eq. (6) 

𝛥𝛥𝑇𝑇�evap,is
0 = 𝛥𝛥𝑇𝑇�𝑟𝑟,𝐶𝐶

0 + 𝛥𝛥𝑇𝑇�pp,C
0 ,     𝛥𝛥𝑇𝑇�evap,is

∗ = 𝛥𝛥𝑇𝑇�evap,is
0 + 𝛽𝛽1(∆𝑇𝑇𝐶𝐶 − ∆𝑇𝑇𝐶𝐶0) − 𝛽𝛽2(1− 𝑟𝑟𝑃𝑃𝐿𝐿) Eq. (7) 

Where 𝑟𝑟𝑃𝑃𝐿𝐿 is the load ratio, given as a value between 0 and 1.  
The remaining fitted values are presented in Eq. (8) and (9). 

𝑓𝑓𝑄𝑄∗ = 𝑓𝑓𝑄𝑄(1 𝑟𝑟PL⁄ ) Eq. (8) 

𝜂𝜂is,𝑐𝑐
∗ = 𝜂𝜂is,c + 𝛾𝛾(1 − 𝑟𝑟𝑃𝑃𝐿𝐿) Eq. (9) 

The values of the individual coefficients for parameters are presented in Table 5 (subsection 3.2).  
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2.3. Detailed thermodynamic cycle calculations for heat pump processes 
Detailed thermodynamic models of two specific heat pumps were used for steady state operation. 
Both cycle calculations were based on energy, mass and momentum balances.  
The models correspond to two different cycle configurations, and represent real plants in two 
different scales of heat supply. The smallest unit is a simple one-stage cycle operating with HFC-
R134a with a condenser capacity at 14 kW in design conditions (Thorsen and Ommen, 2018). The 
second cycle is a two-stage Ammonia cycle with open intercooler, at a design capacity of 800 kW 
(Meesenburg et al., 2019). The layout of the second cycle is presented in Fig. 3. The considered 
design conditions for the thermodynamic cycle calculation are presented in Table 3. The table also 
contains the feasible ranges of the performance modelling. 

 
Figure 3: Cycle configuration of two-stage heat pump with open intercooler  

Table 3. Design conditions and characteristics of equipment for detailed thermodynamic cycle calculations. 
 One-stage HP Two-stage (open intercooler) 

Working fluid HFC-R134a R717 
Design capacity 14 kW 800 kW 

Design temp. in sink 𝑇𝑇𝐻𝐻,𝑖𝑖 = 45 ℃, 𝑇𝑇𝐻𝐻,𝑜𝑜 = 60 ℃ 𝑇𝑇𝐻𝐻,𝑖𝑖 = 34 ℃, 𝑇𝑇𝐻𝐻,𝑜𝑜 = 70 ℃ 
Design temp. in source 𝑇𝑇𝐶𝐶,𝑖𝑖 = 45 ℃, 𝑇𝑇𝐶𝐶,𝑜𝑜 = 25 ℃ 𝑇𝑇𝐶𝐶,𝑖𝑖 = 10 ℃, 𝑇𝑇𝐶𝐶,𝑜𝑜 = 4 ℃ 

Software Engineering Equation Solver Dymola software with TIL 
library 

Modelled components 4 10 
Compressor type(s) Hermetic scroll Two open piston compressors 

Electric motor(s) Frequency controlled Frequency controlled 
Compressor 𝜂𝜂is,𝑐𝑐 and 𝑓𝑓𝑄𝑄 Data from manufacturer Data from manufacturer 

Heat exchanger type Plate heat exchangers Shell and plate heat exchanger 
Heat transfer estimation Overall heat transfer 

estimation in part load 
Detailed heat transfer 

correlations 
Performance variation sink 𝑇𝑇𝐻𝐻,𝑖𝑖 = ±10 𝐾𝐾 𝑇𝑇𝐻𝐻,𝑜𝑜 = ±10 𝐾𝐾 𝑇𝑇𝐻𝐻,𝑖𝑖 = ±10 𝐾𝐾 𝑇𝑇𝐻𝐻,𝑜𝑜 = ±10 𝐾𝐾 

Performance variation source 𝑇𝑇𝐶𝐶,𝑖𝑖 = ±10 𝐾𝐾, 𝑇𝑇𝐶𝐶,𝑜𝑜 = ±10 𝐾𝐾 𝑇𝑇𝐶𝐶,𝑖𝑖 = 9  ℃ to16 ℃ (limitation) 
𝑇𝑇𝐶𝐶,𝑜𝑜 = 1  ℃ to 5 ℃ (limitation) 

Performance variation load 50 % to 100 % 50 % to 100 % 

2.4. COP estimation for annual simulations 
For evaluating the impact of using the estimation of COP*, the method was compared to the 
estimation of COP0 and the assumption of fixed Lorenz efficiency, for an annual simulation. The 
analysis assumes a DH network as the heat sink, and sea water as the heat source, both according 
to the case presented in Pieper et al. (2018). All three performance estimates assume similar 
performance in the design point, which corresponds to operation in February. 

3. RESULTS 

The first subsection addresses the comparison of model results and the COP estimation for the 
design case. Following this, the second subsection shows the results of the comparison between 
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detailed thermodynamic models and the proposed COP estimation in off-design. Finally, the last 
subsection addresses the differences between three COP estimates for annual operation. 

3.1. Comparison of the COP estimation and detailed model results for the design case 
Table 4 shows the results of the two COP estimates and two detailed models, all in design conditions. 
The first four rows present design parameters for specific components. The six following inputs are 
the values required for the estimation of COP0. The values of the three fitted parameters were 
obtained using the coefficients for the linear models from Table 1. Finally, the COP0 is presented in 
the last row of the table. The difference presented here is less than 2.5%, which is significantly below 
the maximum deviation (up to 10 %) suggested by the reference (Jensen et al., 2018). It should 
furthermore be considered, that not all values are exactly similar to the design, like the pinch 
temperature difference for the two-stage HP, or the calculation method for heat loss factor.  

Table 4. Comparison of the COP estimation and detailed model results for the design case 
 Simple one-stage Two-stage (open intercooler) 
 Estimation Model Estimation Model 
𝜂𝜂is,𝑐𝑐 (-) 0.70 0.70 0.75 0.71 and 0.79 
𝑓𝑓𝑄𝑄 (-) 0.25 0.25 0.11 ~0.10 

Δ𝑇𝑇𝑝𝑝𝑝𝑝,𝐻𝐻 K 4 ~4 6 ~4 - 8 
Δ𝑇𝑇𝑝𝑝𝑝𝑝,𝐶𝐶 K 4 ~4 2 ~2 
COP𝐿𝐿 (-) 18.55 18.55 7.27 7.27 
𝑇𝑇�𝐻𝐻 K 325.6 325.6 324.8 324.8 
Δ𝑇𝑇�lift K 17.55 17.55 44.68 44.68 
Δ𝑇𝑇�𝑟𝑟,𝐻𝐻 K 6.31 6.63 17,4 Not available 
Δ𝑇𝑇�𝑟𝑟,𝐶𝐶 K 10.0 8.7 3.0 Not available 
𝑤𝑤is,𝑒𝑒

𝑤𝑤is,𝑐𝑐
 (-) 0.095 0.1558 0.056 Not available 

COP0 (-) 5.152 5.027 3.512 3.445 

3.2. Comparison of the COP performance estimation and detailed performance model 
Table 5 presents the coefficients that correspond to the best fit between the detailed cycle calculation 
and the COP* method for the two examined plants. For 𝛼𝛼2 and 𝛽𝛽2 it was found that the values 
correspond to the value of the pinch point temperature difference in design. For 𝛾𝛾 the difference 
between the two cases can be explained by the fact that the simple one-stage cycle assumes the 
compressor polynomial without changes for part load, whereas the two stage cycle employs 
polynomials that reflect changes with changed rotational speed.  

Table 5. Coefficients used for COP performance estimation. 
 Simple one-stage Two-stage (open intercooler) 

𝛼𝛼1 0.4 0.4 
𝛼𝛼2 𝛥𝛥𝑇𝑇�pp,H

0  𝛥𝛥𝑇𝑇�pp,H
0  

𝛽𝛽1 0.25 0.4 
𝛽𝛽2 𝛥𝛥𝑇𝑇�pp,C

0  𝛥𝛥𝑇𝑇�pp,C
0  

𝛾𝛾 0 0.1 
Fig. 4 shows the result of a comparison between the detailed thermodynamic model in performance 
mode (full lines) and the corresponding COP* estimation (dashed lines). The left figure shows results 
for the simple one-stage cycle, whereas the right figure shows results for the two-stage cycle. The 
results of Fig. 4 were calculated as relative to COP0 (from Table 4). Thus, although all four variations 
in temperature match in the origin, the 2.5% deviation would still be present for the result in terms of 
COP. It is shown that the proposed coefficients allow an appropriate estimation of COP* for both 
considered cycle designs, when one variable is varied and all other inputs are equal. 
A comparison of the discrepancy for the two estimates (COP0 and COP*) is presented in Fig. 5, 
where the plotted deviation is relative to the detailed cycle calculation in performance mode. In both 
cases the results correspond to the simple one-stage cycle. As shown in the figure, the proposed 
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estimate for COP* (right) deviates significantly less (2% to 8%) than the COP0 (left) estimation (-5% 
to +23 %). This comparison further shows how the constraints imposed by the change from design 
to the performance mode results in a lower variation in the performance. This is shown as the results 
of the estimate for COP0 suggest a significantly higher value (in the range of 20 % deviation) for the 
configurations with high 𝑇𝑇𝐶𝐶,𝑜𝑜 and low values of 𝑇𝑇𝐻𝐻,𝑖𝑖 and 𝑇𝑇𝐶𝐶,𝑖𝑖.  

Figure 4: Comparison of the change in COP with changes to input (temperature or part load) for the detailed cycle 
calculation (full lines) and the proposed COP estimation (dashed line). All results are relative to results presented 
in Table 4. Left figure shows results for the simple one-stage cycle, two-stage cycle on the right.  

 

 

 

 

 

 

 
Figure 5: The existing COP estimation for design (left) and the proposed COP performance estimation (right) 

compared to a detailed cycle calculation in performance mode (Simple one-stage). 

3.3. Comparison of various COP estimation for annual simulations 
Fig. 6 shows the two COP estimation methods compared to an assumption of fixed Lorenz efficiency 
for a yearly operation of a DH HP in Copenhagen, Denmark. For conditions similar to the design 
conditions the deviation between the methods were negligible. However, for significantly changed 
operating conditions, significant differences were found. For fixed Lorenz efficiency and the 
estimation for COP* the deviation amount to approximately 11% during the summer period.  

 
Figure 6: Comparison of three different COP estimation methods. 
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4. DISCUSSION 

This paper presents a first attempt to obtain a generalized performance model for heat pump 
integration. In the present analysis the coefficients required for estimation of COP* was determined 
from a detailed cycle calculation in performance mode. This is not a generally applicable method for 
a wide range of solutions. Thus further analysis on how to obtain such values should be addressed. 
The method presented here further requires verification and validation by experimental results. 
The estimation method for one-stage cycles was shown to fit well with two-stage configurations, 
which is likely due to the choice regarding subcooling to pinch, which has been observed to even 
out the performance improvement typically shown for two-stage cycles. 

5. CONCLUSIONS 

In a recently published paper a COP estimation method was proposed for design conditions. This 
paper addresses specific options to utilize the estimation method for performance estimation off the 
design point. The proposed method was shown to estimate the COP of two detailed performance 
models with low deviation. The results showed that for all considered cases, the estimate deviated 
less than 8 % from the performance model.  
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NOMENCLATURE 
Symbols Greek i Inlet 
COP Coefficient of performance (-) ∆ Difference is Isentropic 
𝑓𝑓𝑄𝑄 heat loss ratio (-) 𝜂𝜂 Efficiency (-) o Outlet 
h Enthalpy ( kJ kg−1) Sub- & superscripts pp Pinch point 
T Temperature (K) c Compression r Refrigerant 
𝑇𝑇� Entropic avg. temperature (K) C Cold stream (heat source) 0 For design 
𝑟𝑟𝐻𝐻𝑃𝑃 Load ratio e Expansion * Performance 
𝑤𝑤 Work ( kJ kg−1) H Hot stream (heat sink)   
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