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Module 2

Heat Pump Market Developments

Developed by LEI (Lithuanian Energy Institute)



Module 2 overview

This module reviews current market developments in heat

pump technology, explaining how shifts in refrigerants,

thermodynamic cycle design, and component innovation are

shaping today’s commercial and domestic systems. It outlines

how manufacturers integrate advanced compression schemes,

natural refrigerants, and high-efficiency heat exchangers to

meet tightening environmental and performance

requirements.



Module 2 contents

Lesson 9 Standard Compression 
Cycle

Lesson 10 Vapour Injection Cycle

Lesson 11 Cascade Heat Pump 
Systems

Lesson 12 CO₂ Transcritical Systems

Lesson 13 Natural Refrigerants in 
Domestic Systems



LESSON 9
Standard Compression Cycle



Lesson 9 objectives

1. Present the single-stage vapor compression cycle

2. Overview of typical commercial HP units using this cycle 

3. Main indicators characterized heat pump working process and 
consequences in the human environment



Standard Compession 
Cycle [L9]

Single-stage vapour 
compression HP [9.1]

GWP regulations

Single-stage HP, schematic

Single-stage HP, p-h diagram

Commercial products
[9.2]

fundamental 
commercial HVAC 

technology

Capacities range

Hydrocarbon refrigerants

Products in market Control indicators

Assessment tools [9.3]

Performance indicators

Economic indices 

Environmental 
Performance Metrics

Application Context

Lesson 9 content



9.1 Introduction

• Fundamental commercial HVAC technology: single-stage vapour compression HP – active basis 
for several decades

• Focus on lowering GWP together with increasing efficiency of HP units / growing adoption of 
low-GWP refrigerants such as R32 and R454B 

• Market expansion for modular commercial HPs delivering capacities up to and exceeding 1 MW 

Commercial single-stage HPs operate using the vapour compression cycle consisting of four main 
components: 

• evaporator, 
• compressor, 
• condenser, and 
• expansion valve. 



9.1 Introduction

Proccess flow chart

• Evaporator: 

Refrigerant liquid evaporates at low pressure (~3–5 bar), 
absorbing heat from sources like air or ground

• Compressor: 

Scroll compressor compresses vapour, increasing pressure (up 
to 20 bar) and temperature

• Condenser: 

High-pressure vapour condenses, transferring heat to the 
water or space heating circuit at 40–60 °C

• Expansion valve: 

Pressure drops abruptly, refrigerant cools before entering the 
evaporator again



9.1 Introduction

P-h diagram

• Compression (1→2): Isentropic ideal compression; 
actual work exceeds ideal due to inefficiencies

• Condensation (2→3): Isobaric heat rejection

• Expansion (3→4): Isenthalpic throttling

• Evaporation (4→1): Heat absorption begins



9.2 Commercial HP products

Market

• European scale: capacities 1 - 500 kW per unit

• Leading EU Danfoss, Ochsner, Bosch offer products designed for R32 and R454B refrigerants

• Mitsubishi Electric, Daikin (Japan) emphasize advanced variable-speed inverter compressors 
with AI-enabled predictive maintenance and energy management, suitable for both 
commercial buildings and district heating applications

• LG Electronics (S.Korea) integrates smart working in single-stage cycle, focusing on 
adaptability to urban infrastructure and renewable energy sources

• Target – emploing lower GWP refrigerants and maintain high COP values



9.2 Commercial HP products
Summary

Manufacturer

(Region)

Capacity Range (kW) Refrigerant Max Operating

Temp (°C)

COP Range Notable Innovations

Danfoss (Europe) 5 – 240 R32, R454B 90 3.5 – 5.0

Advanced scroll

compressors with vapor

injection for cold climate

Ochsner (Europe) 30 – 350 R290, R32 80 4.0 – 5.2

Focus on natural

refrigerants and modular

products

Bosch 

Thermotechnik 

(Europe)

20 – 500 R32 75 3.6 – 4.8

Integrated controls and

hybrid systems

Mitsubishi Electric 

(Japan)
10 – 300 R32, R410A 75 3.6 – 5.1

Highly efficient inverter-

driven scroll compressors,

advanced defrost

algorithms

Daikin (Japan) 20 – 450 R32, R410A 85 3.8 – 5.3

Multi-split options, AI-

based control systems for

energy efficiency

LG Electronics 

(South Korea)
10 – 300 R32, R410A 75 3.5 – 5.0

Smart IoT controls with

variable refrigerant flow

and compatibility with

district systems



9.3 Performance benchmarks (I)

Performance indicators

Coefficient of Performance (COP) COP quantifies the instantaneous ratio of useful heat output to 
electrical energy input under defined conditions. Recent European 
commercial systems demonstrate COP values from 3.5 to 5.2 at 
standard rating points (A7/W35). Lower ambient temperatures 
reduce COP due to increased compressor work and lower heat 
extraction rates.

Seasonal Performance Factor (SPF) SPF provides an average efficiency metric over the heating season, 
including transient effects like part-load operation and defrost 
cycles. European field studies report SPF values ranging from 3.2 to 
4.8, depending on climate and system design.

Integrated Energy Efficiency Ratio (IEER) Relevant for cooling-dominant modes, IEER weights EER at various 
part-load levels to approximate realistic efficiency. IEER values for 
modern units are between 12 and 18.



9.3 Performance benchmarks (I)

Economic Indices

Simple Payback Period (SPP) Calculated as the ratio of incremental investment cost to annual 
energy cost savings, commercial heat pumps in Europe typically 
feature payback periods of 3–5 years when replacing fossil fuel 
boilers, reflecting decreasing capital costs and rising fuel prices.

Levelized Cost of Heat (LCOH) LCOH integrates capital expenditure, maintenance, operational 
costs, and energy prices over the system lifetime, normalized by 
heat output. EU commercial installations report LCOH between 
0.04 and 0.07 EUR/kWh.



9.3 Performance benchmarks (I)

Environmental Performance Metrics

Total Equivalent Warming Impact (TEWI) TEWI consolidates direct refrigerant emissions, indirect emissions 
due to electricity use, and end-of-life refrigerant losses over the 
lifecycle. For a typical 200 kW heat pump with R32 refrigerant and 
2% leakage, TEWI is approximately 0.45–0.6 t CO₂-eq/kW-year, 
heavily dominated by indirect emissions.

Global Warming Potential (GWP) The shift from R410A (GWP 2088) to low-GWP refrigerants such as 
R32 (GWP 675) and R454B (GWP 466) significantly reduces direct 
emissions, an important driver of policy compliance and market 
acceptance.

Primary Energy Ratio (PER) PER assesses energy efficiency with respect to primary energy 
consumption considering grid losses. With European grid factors of 
~2.5, commercial heat pumps achieve PER values from 1.5 to 2.0, 
indicating substantial primary energy savings.



9.3 Applications contexts (II)
Environmental Performance 
Metrics

Office and Commercial 
Buildings

Typical capacities range 50–350 kW, with systems designed for air-to-water operation, 
delivering heat for space and DHW. Modularity and inverter compressor technology 
accommodate varying loads and incremental expansions.

Light Industrial Processes Heat pumps cater to low-to-medium temperature process heating (up to 85–95 °C), 
replacing fossil fuel boilers and producing energy savings up to 50%–70% with 
corresponding emissions reductions.

District Heating Networks Large-scale modular heat pumps with capacities above 500 kW integrate into district heat 
grids, providing base-load renewable heat. Current European field trials highlight 
integration with grid flexibility and seasonal storage.

Application Capacity 
Range (kW) 

COP 
Range 

SPF 
Range 

GWP 
Refrigerant 

Max 
Temp (°C) 

Typical 
Payback 
(years) 

Office 
Buildings 

50–350 3.8–4.5 3.5–4.2 R32, R454B 60 3–5 

Light 
Industry 

100–500 3.5–4.8 3.2–4.5 R410A, R134a 85 4–6 

District 
Heating 

500–2000 4.0–5.5 3.8–5.0 R717, R290 90 5–8 

 



LESSON 10
Vapour Injection Cycle



Lesson 10 objectives

1. Introduce two-stage compression with vapour injection 

2. Present different configurations of economizer and flash-tank, and explaine their 
effects on interstage pressures, discharge temperature, and cold-climate capacity 

3. Possible implementation of different elements in enhanced vapor-injection 
compressors



Vapour Injection Cycle
[L10]

Cycle layout and use cases for improved 
cold climate performance conditions [10.2]

Ambient temperature

Types of inter-stage 
configurations 

Principles of two-stage 
compresion (vapour) [10.1]

Single vs two-stage cycle

Advantages

Nature Types Energy transision      
in process

P-h diagram [10.3]

Cycle with economizer

Cycle with flash tank 

Market

Commercial systems 
with injection [10.4]

“enhanced vapour
injection” 

technology

Lesson 10 contents

Cycle diagram



10.1 Principles of two-stage compression with vapour injection

Solution - two-stage heat pump cycle:

• operational T of the compressor ↓

• subcooling degree of the refrigeration cycle ↑

• system COP ↑

Target - economical issue

HP applications require: 

• very low evaporating temperatures

• very high condensing temperatures

• high compressor pressure ratios 
comparing with single-stage HP cycles  

• low COP values and … possible damage

resulting ->



10.1 Principles of two-stage compression with vapour injection

Advantages:
• Capacity improvement in severe 

climates (heating at < T 0°C and cooling 
> 35°C of T ambient temperature) 

• System mobility by controlling the 
injected refrigerant mass flow rate 
(energy savings) 

• The compressor discharge temperature 
of a vapor injection cycle is lower than 
that of a conventional single-stage cycle

Background -> injecting vapour refrigerant to the intermediate location of the compressor

2-stage compression (low/high-pressure stage):
• Pressure ratio handled by each compressor is 

reduced (volumetric efficiency is improved, 
discharge temperatures is reduced, stable 
operation at high lifts)

• Interstage vapor injection: Superheated 
vapor is injected at an intermediate stage, 
allowing additional mass flow into the high-
pressure stage. This recovers energy, 
increases the density of the compressed 
vapor, and improves the system COP.



10.2 Cycle layout and use cases for improved cold climate performance

Two-stage vapour compression technology

Common configuration -> vapor-injection with a 
flash tank and vapor-injection with an 
economizer (internal heat exchanger).

for cold climate heat pumps especially. 
There are several types of inter-stage 
configurations



10.2 Cycle layout and use cases for improved cold climate performance

Combinations:
• In the cycle with a flash tank, the refrigerant is expanded 

to an intermediate pressure, and then the liquid and vapor 
phases of the refrigerant are separated in the flash tank. 
The vapor refrigerant is injected into the intermediate 
stage of compression, while the liquid portion is expanded 
to the evaporating pressure. 

• In the cycle with an economizer, a portion of the 
refrigerant is extracted to the condenser outlet and is 
expanded to an intermediate pressure. This portion of the 
refrigerant is vaporized in the economizer by heat 
exchange with the rest of the refrigerant, and then it is 
injected into the intermediate stage of compression.

• In both cycle configurations, the injection mass flow rate 
is not allowed to expand to the evaporator pressure; 
hence, the compression work of this portion of the 
refrigerant is lower, which results in a COP improvement.

Two-stage vapor compression cycle with vapor-injection



10.3 P-h diagrams
Cycle with economizer:
• a portion of the refrigerant is extracted (state 5) and is expanded 

to an intermediate pressure (state 7). 
• This portion of the refrigerant is vaporized in the economizer 

(process 7 – 8) by heat exchange with the rest of the refrigerant, 
• then it is injected (state 8) into the intermediate stage of 

compression. 
• The state 3 is result of refrigerant vapour mixing (state 8 and state 

2) before second stage compressor 

• Other processes:
•9 – 1 process is evaporation and superheating in the 
evaporator, 1 – 2 is the first stage compression (1 – 2s –
isoentropic compression), 3 – 4 is the second stage 
compression (3 – 4s – isoentropic compression), the state 3 is 
result of refrigerant vapour mixing (state 8 and state 2) and 4 –
5 is condensation and subcooling processes in condenser.

Two-stage vapour-injection cycle with economizer



10.3 P-h diagrams
Cycle with flash tank :
• Condensed refrigerant (state 5) is expanded to an intermediate 

pressure (state 7)
• Liquid (state 6) and vapour (state 8) phases of the refrigerant are 

separated in the flash tank
• Vapour refrigerant is injected into the intermediate stage of 

compression, while the liquid portion is expanded to the evaporating 
pressure (state 9)

• Other processes:
•9 – 1 is evaporation and superheating in the evaporator 
•1 – 2 is the first stage compression (1 – 2s – isoentropic
compression)
•3 – 4 is the second stage compression (3 – 4s – isoentropic
compression)
•state 3 is result of refrigerant vapour mixing (state 8 and state 2) 
•4 – 5 is condensation and subcooling processes in condenser

Two-stage vapour-injection cycle with with flash tank 

! In both cycle configurations, the 

injection mass flow rate is not allowed to 
expand to the evaporator pressure



10.4 Commercial systems with injection

Essential meaning of this option is to divide the original one-stage compression 
process into a quasi-two-stage compression process by using vapour.

Process:
• Step 1: the compressor receives the energy A absorbed by the evaporator 

from the air and compresses it.
• Step 2: Turn on the vapor injection auxiliary loop, and vapour pass through 

compressor.
• Step 3: The part of energy A being compressed by the compressor is mixed 

with the incoming vapour. This process will continue until the working chamber 
of the compressor is separated from the inlet port. At this time, the vapour is 
fully mixed with energy A and becomes a new energy B.

• Step 4: After the compression chamber of the compressor is separated from 
the vapour injection port, energy B is gone into two-stage compression, and 
finally the energy B enters the condenser for heat exchange with water.

Nickname: “enhanced vapour injection”, i.e. scheme for air-source heat pumps in cold climates.

It means complete heat pump system with special enhanced vapour injection compressor (additional vapour suction port)

“enhanced vapour injection” technology



10.4 Commercial systems with injection

• The only difference is that instead of two separate compressors, a single compressor with an additional injection port is used. 

• Scroll compressors are most often used for this, in which it is easier to implement intermediate injection. 

• In larger systems, screw compressors are also used.

Popular version with vapour injection: 
system with economizer and special 
construction compressor with 
additional injection port

Circuit diagram and cycle of system with 
vapor injection scroll compressor 



LESSON 11
Cascade Heat Pump Systems



Lesson 11 objectives

1. Present the concept of cascade systems, outlining the separation of low- and high-
temperature circuits

2. P-h diagram interpretation

3. Describe the function of the cascade heat exchanger, refrigerant selection 

4. Understand different applications requiring high lift or staged temperature levels, 
including parallel, series, and hybrid configurations 



Cascade Heat Pump 
Systems [L11]

Concept, configuration, P-h 
diagram [11.1]

Schematic layout

P-h diagram

Operational issues

Applications in high lift or hot 
water heating [11.2]

fundamental basis

Parallel HPs cascade 

Series HPs cascade

configurations in 
modular way

examples

Commercial examples
[11.3]

Advantages 

Stiebel Eltron HPs

Daikin HPs

Lesson 11 content

Hybrid HPs cascade



11.1 Concept, configuration of cascade cycles, P-h diagram

(1) Cascade unit 

(2) Ambient air condenser 

(3) Low-temperature air 
evaporator 

(4) Low-temperature 
compressor step 

(5) BPHE desuperheater 

(6) Hot tap water (a) discharge temperature for the low-temperature cycle

(b) inlet vapor temperature to cascade unit after 
desuperheater

(c) outlet condensate temperature for the cold cycle

(d) temperature after expansion valve in the warm cycle

(e) evaporation temperature in the warm cycle



11.1 Concept, configuration of cascade cycles, P-h diagram

refrigerant selection 

Cascade systems
primary advantage: two stages do not necessarily contain the 
same refrigerants. 

• cascade heat exchanger is exposed to T and p fluctuations.

• to avoid the risk of thermal fatigue inside the cascade unit 
due to very high ∆T, installation of a desuperheater (5) is 
recommended.

• the desuperheater reduces the inlet gas temperature of the 
condensing side of the cascade unit, while utilizing the 
superheating energy to produce high-temperature water (6). 

Multi-stage refrigeration cycles

• the same refrigerant must work at the 
highest and the lowest pressure levels. 
The selection of refrigerant to avoid 
excessively large pressures in the 
ambient condenser, and evaporation 
pressures below one atmosphere in the 
cold evaporator, can be difficult. 

• increased risk of air and moisture leaking 
into the system, leading to reduced 
system performance.

• higher risk of uneven oil distribution.



11.2 Applications in high lift or hot water heating

Cascade heating system is a setup in which multiple heat pumps are connected in series or in parallel instead of using a single large unit. 
These systems are planned where high output is required, where heating, domestic hot water, and cooling demands fluctuate 
significantly, or where large systems reach their limits.

Parallel Heat Pump Cascade Series Heat Pump Cascade 



11.2 Applications in high lift or hot water heating

Combination of series and parallel cascade heat 
pump systems is used in more complex or larger 
heating systems with varying requirements for 
output staging, temperature levels, or redundancy.

Typical Applications are:

• High and Low Temperature Stages

• Process Heat or Domestic Hot Water

• Hybrid Heating Systems with Heat Recovery

• Reversible Systems for Heating and Cooling

Hybrid Heat Pump Cascade (air-to-water) 

Cascade heat pump system consists of 2 refrigerant cycles: 
the low-stage and high-stage cycles connected via a 
cascade heat exchanger. 
The cascade heat exchanger works as a condenser for the 
low-stage cycle and as an evaporator for the high-stage 
cycle.



11.3 Commercial examples

Heat pumps are becoming a popular and reliable option for 
efficient heating, however, larger commercial properties 
with substantial heating and hot water needs often find a 
single heat pump unit insufficient. For these high-demand 
scenarios, a cascade heat pump system may be the ideal 
solution.

These systems are designed to adjust their output 
dynamically - when the demand is high, all units can work 
together to deliver a large, combined output, while during 
periods with reduced demand, they can function individually 
or at reduced capacities. This flexibility enhances energy 
efficiency by avoiding unnecessary consumption.

Example of a cascade HPs system 



11.3 Commercial examples
High temperatures. 
Cascade systems reach high temperatures, which means they’re 
particularly effective at providing domestic hot water. Meet 
fluctuating temperature demands. Cascade systems can supply a 
wide range of temperatures, from low using the first stage only to 
high with both stages at max. This can be used to provide weather 
compensated heating control in a very flexible way.

Example of a cascade system of Stiebel eltron HPs

Daikin cascade system consists of a solution with an air cooled and a 
water-cooled unit operating together to achieve high leaving water 
temperatures and making it suitable for refurbishment projects. For 
older buildings without any insulation retrofit plans, higher water 
temperatures might be required to match the water temperatures 
provided by the existing boiler solution. Daikin can provide up to 
75°C within a cascade solution where the air-to-water and water-to-
water heat pump units operate together.

Daikin Cascade HP solution 
for high water temperatures. 



LESSON 12
CO₂ Transcritical Systems



Lesson 12 objectives

1. Overview transcritical systems with CO₂  refrigerant

2. Present transcritical cycle concept, phase diagram, refrigeration cycle, detailing the 
role of the gas cooler, high-pressure operation, and the influence of CO₂’s critical and 
triple points

3. Introduce  to the real transcritical CO2 HP cycle (Lorentzen cycle)

4. Compare several CO₂-based architectures and present commercial high-
temperature DHW systems (e.g. Mitsubishi QAHV). 
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12.1 Introduction to CO₂ as a refrigerant and transcritical cycle concept
CO2 is one of the natural refrigerants that can be used as working fluid in various refrigeration applications 
along with ammonia and hydrocarbons. 

Advantages

• Safety: CO2 is non-toxic and non-flammable;

• Thermodynamic: (a) CO2 has a relatively low Tcr (31.1 ∘C) and high operating pressure (7.38 MPa);
(b) transcritical cycle has some unique features, like the single-phase gas cooling 
process that occurs when it rejects heat, and gas cooling has a larger temperature glide, 
which fits the water/air heating process better; 
(c) volumetric capacity is quite large, which contributes to use of smaller components to 
achieve a more compact and  more effective system;
(d) thermal conductivity of CO2 is relatively high -> indicating better heat transfer.

• Ecological: its eco-friendliness, and better compatibility with common lubricants.

• Economics: lower prices

Challenges
• requires robust components and a stable compressor



12.1 Introduction to CO₂ as a refrigerant and transcritical cycle concept

The triple point represents the condition where all three 
phases can co-exist in equilibrium (5.2 bar; 56.6°C). 
Below the triple point temperature, liquid cannot exist.
At atmospheric pressure CO2 can exist only as a solid or a 
vapour.

The critical point marks the upper limit for heat transfer 
processes based on evaporation or condensation.
At T and p higher than those at the critical point - region is 
called the fluid region – there are supercritical conditions.  

Transcritical Refrigeration Cycle: occurs when part of the refrigeration process takes place above Tcr. 
Heat intake at the evaporator takes place below pcr. The release of heat within the gas cooler takes 
place above pcr. Due to this, heat is released over a temperature range. This is in contrast with 
conventional compressor systems where heat release takes place at a fixed temperature. 

CO2 phase diagram



12.2 Cycle configuration and challenges above the critical point 
Transcritical HPs have the same basic configuration as any 
vapour compression HP. But it requires a low return 
temperature (< 30 °C) and can supply high flow 
temperatures (> 80 °C).

• In vapour compression cycles, refrigerants operate 
usually within subcritical conditions. A transcritical cycle 
is capable of operating in both subcritical and 
supercritical

• In the subcritical mode, heat rejection is accomplished 
through condensation, while in the transcritical mode, it 
is achieved through gas cooling. 

• To fulfil this purpose, CO2 refrigeration systems employ 
a specific heat exchanger - a gas cooler. The gas cooler 
plays a vital role in the CO2 refrigeration system by 
facilitating efficient heat transfer during the gas cooling 
process.  

P-h diagram



12.3 P-h diagram and heat exchanger layout specific to CO₂ systems

1-2-3-4-1 : system without IHX
1’-2’-3’-4’-1’ : system with IHX

The theoretical cycle :

- 1–2 (1’ −2’): Isentropic 
compression in the compressor 

- 2–3 (2’ −3): Heat release without 
phase change in the gas cooler

- 3–4 (3’ −4): Isenthalpic throttling 
process in the expansion valve

- 4–1 (4’ −1): Heat absorb with 
phase change in the evaporator

- 3–3’ and 1–1’: Heat transfer in 
the internal heat exchangerPressure enthalpy diagramSchematic of CO2 HP with  IHX

PS. CO2 transcritical air source heat pump systems is 
used to supply hot water for civil heating.



12.3 P-h diagram and heat exchanger layout specific to CO₂ systems

BASE: conventional CO2 transcritical 
HP system, 

CHPS: CO2/CO2 cascade HP system, 

TSCHPS: CO2 two-stage compression 
intermediate flash HP system,

MSHPS: CO2/CO2 mechanical 
subcooling heat pump system.

Schematic diagrams 
of the CO2 HP systems 



12.4 Application scenarios: Domestic hot water production

CO2 HP DHW systems:

• utilise natural, eco-friendly refrigerant gas CO2

• ensure a high level of safety (absence of 
combustion reduces the risk of fire)

• produce hot water with an average COP of up to 
4.2 

• convert 1kW of input into 3.9kW of output energy 

• produce hot water up to 90°C, even within 
ambient temperatures that drop to as low as -25°C 

• provide energy efficient DHW and space heating 
solutions for industrial, commercial and residential 
applications

CO2 High Temperature Hot Water Heat Pump System

The CO2 HP technology has been continually improved and now provides 
significant opportunities for energy savings and sustainable heating.



12.5 Description of real-world systems
- designed solely to produce 
sanitary hot water, 

- with a flow temperature of 65°C 
the QAHV is approximately 70% 
more efficient than the Mitsubishi 
CAHV, 

- is able to provide a max flow 
temperature 20°C higher than 
other hot water HPs.

Mitsubishi QAHV

Mitsubishi QAHV twisted & spiral gas cooler

Schematic of  Mitsubishi QAHV System



LESSON 13
Natural Refrigerants in Domestic Systems



Lesson 13 objectives

1. review natural refrigerants addressing thermodynamic behavior, safety classes, 
flammability and toxicity management 

2. present domestic products 

3. overview of EU regulatory frameworks that helps refrigerant selection and system 
design



Natural Refrigerants in 
Domestic Systems  [L13]

Main important properties [13.2]

Efficiency

Safety classification 
(flammability)

Natural Refrigerants [13.1]

hydrocarbons

carbon dioxide 

Types Specifics Market

Commercial product 
examples [13.3]

Alpha Innotec

HP Vaillant 

Legislation

Regulatory influence
[13.4]

EU Regulations

Lesson 13 contents

EU Directivesammonia NIBE F370

ESA30EH2-25

F-gas Regulation

Machinery Directive 

ATEX Ddirectives

EPBD III, 2018

General Directives 
and Regulations



13.1 Natural Refrigerants 

3 most common natural refrigerants:
1. hydrocarbons 

(suitable for smaller HPs, monoblocks, single-split 
ACs, for collective systems and industrial 
applications; less suitable for larger multi-split and 
VRF systems - high costs and increased safety 
measures). 

2. carbon dioxide CO2 
(suitable for higher supply temperatures in both 
small and large HPs)

2. ammonia
(mainly suitable for industrial HPs. In the future may 
be in high-tech hybrid domestic HPs fired by natural 
gas).

(1) hydrocarbon refrigerants

PS. all safety class A3 (highly flammable)
The most commonly used hydrocarbons have very similar 
properties to conventional (H)CFCs and HFCs and HFOs 
(except for flammability). The choice of oil is rarely an 
issue.



13.1 Natural Refrigerants 
(2) Carbon dioxide refrigerant dioxide (CO2, R744)
one of the oldest refrigerants in the world. CO2 is classified as refrigerant class A1 (low toxicity, non-
flammable). CO2 has specificof properties that make it very different to other refrigerants. These different 
properties are sometimes advantageous, but sometimes also disadvantageous or restrictive:  
− the triple point (solid-liquid-vapour, at -56.6°C)
− dry ice (solid-vapour, at -78.4°C) 
− critical point (difference/no difference between liquid and vapour, at 31°C).

(3) Ammonia (R717, NH3)
one of the oldest refrigerants, was popular in the first mechanical refrigerating systems. The technology is still 
evolving, it is a space for innovation and concurrency in the market. It is highly efficient, does not produce 
greenhouse gases and has a negligible environmental impact. The pungent smell of ammonia is an effective 
warning in the event of a minor leak. Disadvantages:
- copper (the commonly used material for refrigerant pipes) cannot be used with ammonia. This means more 
expensive materials (steel) and connections (welding) are required.
- is toxic and mildly flammable (social safety issues, corrosion risks). 



13.2 Efficiency, safety classification and flammability

Note:
HP energy performance is primarily determined by the source and the supply temperature, important are conditions of use 
and user behaviour. With all external conditions being equal - theoretical COP. 
A higher supply temperature (using propane or CO2) will obviously also have an impact.

Influence of operating conditions for propane (R290)COP per different  refrigerant 

Efficiency



13.2 Efficiency, safety classification and flammability

For natural refrigerants ( hydrocarbons), these 
risks are mainly related to flammability. 

For carbon dioxide - to high pressures and the 
formation of solid carbon dioxide (dry ice). 

For ammonia - to toxicity.

ASHRAE safety classification

Safety classification

A2L (R-410A. Key examples include R-32, R-454B, and R-1234yf ): mild 
flammability, low toxicity, low GWP, safer than ammonia and hydrocarbon, 
more energy efficient than R-410A and CO₂ systems

A3 (R290, R600a, R-170, R-290, R-600, R-600A): low toxicity and high 
flammability.  A3 requires strict safety measures due to their highly flammable 
nature, especially R290 and R600a, comparing to A2Ls.



13.3 Commercial product examples

Manufacturer, Alpha Innotec
Heat pump Alpha Innotec – LWDV with natural refrigerant (propane – 8 kW), widely used 
in the domestic market and in small businesses.
Advantages: Best in class – versatile and efficient; always operate on demand; high flow 
temperatures are achieved, making them ideal for use in renovation projects.

Manufacturer- HP Vaillant 
Air-to-water heat pump: aroTHERM plus air source heat pump 12kW. It uses the natural 
refrigerant, R290 to achieve higher flow temperatures of up to 75°C. Suitable for all 
applications this air source HPcan use existing radiators and operates down to -25°C.

The uniTOWER is an integrated 190 litre cylinder with hydraulic components which can 
easily provide sufficient hot water for the needs of a family of five, including the use of rain 
showers. Thanks to its space-saving dimensions, the system is the perfect choice for new 
buildings. 

Natural refrigerants - not derived from nature. They are manufactured industrially, but they are substances 
that occur directly in nature. The most commonly used ones are ammonia, carbon dioxide and hydrocarbons.



13.3 Commercial product examples

<- Manufacturer, NIBE F370
an integrated DC fan + water heater with corrosion 
protectio, + an integrated immersion heater.  
It is intended for low temperature dimensioned 
radiator circuits and/or under-floor heating. NIBE 
F370 can be docked to district heating, wood, oil 
and gas. Uses environmentally friendly R290 
(Propane) refrigerant.

Natural refrigerants - not derived from nature. They are manufactured industrially, but they are substances 
that occur directly in nature. The most commonly used ones are ammonia, carbon dioxide and hydrocarbons.

Manufacturer, MHI  ->
air - water, Q-ton | ESA30EH2-25, domestic hot water. GSR 
dual stage compressor.
Up to 16 outdoor units can be controlled via a single control. 
The maximum power - 480 kW. Possible installations in large 
new apartment buildings or in very large apartment buildings 
with existing district heating systems.



13.4 Regulatory influence
EU Regulations regarding refrigerants: legislative acts that apply automatically and uniformly and are legally binding for all 
EU Member States; the ozone layer - the obligations of the Montreal Protocol.

F-gas Regulation: obligations of the Kyoto Protocol on substances that contribute to the greenhouse effect. This regulation 
is intended to ensure that, by 2030, European emissions of F-gases are reduced by at least 60% compared to 2005 emissions. 

EU Directives: the essential requirements. EU countries are responsible for implementation. For refrigerating systems, heat 
pumps and their components, the most important directives are those for machinery, pressure equipment, electrical and 
electronic equipment, energy efficiency and, in some cases, potentially explosive atmospheres.

Machinery Directive 2006/42/EC (June 2006): sets out the requirements that machinery intended for the European market 
must comply with; contains a large number of safety and health requirements. Manufacturers are obliged to meet the 
requirements of the Directive.

ATEX Directives (ATmosphère EXplosible): cover all situations where there is a risk of gas and dust explosion hazards.

Energy Performance of Buildings Directive (EPBD III, 2018): This Directive aims to improve the energy efficiency of 
buildings and so reduce energy consumption. 

General Directives and Regulations: The following EU directives mostly also apply in general to refrigerating systems and 
heat pumps, without sector-specific aspects.


