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Executive Summary 
 

The global energy industry is at a critical juncture, facing the dual challenge of meeting rising 
energy demand while simultaneously navigating a transition toward a lower-carbon future. 
Within this context, the petroleum sector, particularly the energy-intensive refining and 
petrochemical industries, is under increasing pressure to enhance energy efficiency and 
reduce greenhouse gas emissions. Industrial heat pumps have emerged as a pivotal, 
cross-cutting electrification technology capable of addressing these challenges by 
fundamentally altering how process heat is supplied. 

This report provides a comprehensive technical and economic analysis of heat pump 
technology, with a specific focus on its definition, principles of operation, and strategic 
applications within the petroleum industry. Unlike conventional heating systems that generate 
heat through combustion, heat pumps transfer existing thermal energy from a 
low-temperature source to a higher-temperature sink. This principle of "moving" rather than 
"creating" heat allows them to achieve Coefficients of Performance (COP) significantly greater 
than one, delivering multiple units of thermal energy for each unit of electrical energy 
consumed. 

The viability of any heat pump application is fundamentally governed by thermodynamics, 
with the required "temperature lift"—the difference between the source and sink 
temperatures—being the single most critical determinant of efficiency and economic 
feasibility. This report details the primary industrial heat pump technologies, including 
closed-cycle mechanical systems, thermally-driven absorption heat pumps, and open-cycle 
Mechanical Vapor Recompression (MVR) systems. Each technology presents a unique profile 
of advantages, limitations, and suitability based on a facility's specific utility infrastructure and 
process requirements. 

Within the petroleum industry, the most mature and economically successful application to 



date is the use of MVR systems for the separation of close-boiling components, such as in 
propane-propylene splitters. This application's success is a direct result of its minimal 
temperature lift, which yields very high efficiency and a compelling business case. The 
broader application of High-Temperature Heat Pumps (HTHPs) to valorize low-grade waste 
heat from cooling systems and generate low-to-medium pressure steam represents a 
significant, albeit more complex, opportunity for refinery-wide decarbonization. 

Analysis of real-world case studies reveals that the success or failure of industrial heat pump 
projects is predominantly dictated by economic factors rather than technical limitations. The 
primary barrier to widespread adoption is the often-unfavorable price ratio between 
electricity and natural gas in many regions. Consequently, the decision to invest in this 
technology is not merely an equipment purchase but a strategic assessment of future energy 
markets, carbon pricing regimes, and corporate sustainability goals. Technical failures, while 
rare, are typically traceable to specific system integration issues, such as mechanical 
resonance between compressors and variable speed drives, highlighting the need for deep, 
specialized engineering expertise. 

Ultimately, this report concludes that while significant hurdles remain—particularly concerning 
high capital costs, complex retrofitting in mature facilities, and the prevailing energy price 
disparity—heat pumps are an indispensable technology for the long-term decarbonization of 
the petroleum industry. Their strategic deployment, beginning with thermodynamically 
favorable applications and expanding as part of an integrated energy system that includes 
on-site renewables and green hydrogen, offers a viable pathway toward a more efficient and 
sustainable operational future. 

 

1.0 The Fundamentals of Heat Pump Technology 
 

This section establishes the foundational knowledge required to understand heat pump 
technology. It moves from a simple definition to the core metrics that define its performance 
and the classification of systems relevant to industrial applications. 

 

1.1 Defining the Heat Pump: Moving Heat vs. Creating Heat 
 

A heat pump is a device that utilizes a work input, typically electricity, to transfer thermal 
energy from a low-temperature space or "source" to a higher-temperature space or "sink".1 
This fundamental principle distinguishes it from conventional heating systems like furnaces, 



boilers, or electric resistance heaters, which 

generate heat through the combustion of fuel or the dissipation of electrical energy.3 The core 
function of a heat pump is not heat creation but rather the relocation and elevation of existing 
thermal energy. 

This "heat moving" mechanism is the source of the technology's remarkable efficiency. 
Because the majority of the thermal energy delivered to the sink is transferred from the 
source rather than being generated from the primary energy input, the total heat output can 
be several times greater than the electrical energy consumed to power the device.5 This is 
analogous to the operation of a refrigerator or an air conditioner, which are themselves types 
of heat pumps designed for cooling. In fact, a heat pump for heating can be accurately 
described as a refrigerator working in reverse.1 During a cooling season, the device moves 
heat from inside a building to the warmer outdoors; during a heating season, it reverses this 
process, moving heat from the cool outdoors into the building.1 

The key component that enables this dual heating and cooling functionality in many systems 
is the reversing valve. This four-way valve is a specialized piece of equipment that can alter 
the direction of the refrigerant flow within the system, effectively swapping the functions of 
the indoor and outdoor heat exchangers.5 When heating is required, the outdoor coil acts as 
the evaporator (absorbing heat) and the indoor coil acts as the condenser (releasing heat). In 
cooling mode, the reversing valve shifts, and the indoor coil becomes the evaporator while the 
outdoor coil becomes the condenser.8 

 

1.2 Core Principles and Key Performance Metrics 
 

The operation of a heat pump is deeply rooted in the principles of thermodynamics. 
Specifically, it functions in accordance with the Second Law of Thermodynamics, which 
dictates that heat cannot spontaneously flow from a colder location to a hotter one. A heat 
pump overcomes this natural tendency by using an external input of high-quality energy, or 
"work"—most commonly supplied by an electric compressor—to drive the heat transfer 
process against the temperature gradient.9 

The primary metric used to quantify the heating efficiency of a heat pump is the Coefficient 
of Performance (COP). The COP is a dimensionless ratio defined as the useful heat delivered 
to the sink divided by the work energy consumed by the system.6 

COP=Work InputHeat Output​ 
A typical residential or commercial heat pump can achieve a COP in the range of 3 to 5, 
meaning it delivers three to five units of thermal energy for every one unit of electrical energy 



it consumes.3 This makes the technology three to five times more energy-efficient than a 
conventional natural gas boiler and significantly more efficient than electric resistance 
heating, which has a theoretical maximum COP of 1.0.2 

The theoretical maximum efficiency for any heat pump operating between two temperature 
reservoirs is defined by the Reversed Carnot Cycle. The COP of this ideal, 
thermodynamically reversible cycle is given by the equation: 

COPCarnot​=THot​−TCold​THot​​ 
where THot​ is the absolute temperature of the high-temperature sink and TCold​ is the 
absolute temperature of the low-temperature source (e.g., in Kelvin).11 This equation is of 
paramount importance as it reveals the fundamental thermodynamic limitation of heat pump 
technology: the COP, and therefore the efficiency, is inversely related to the temperature 
difference ( 

THot​−TCold​) between the source and the sink. This difference is commonly referred to as the 
"temperature lift".12 

As the required temperature lift increases, the work required by the compressor increases, 
and the COP decreases.12 This principle is not merely an empirical observation but a direct 
consequence of the Second Law of Thermodynamics. It is the single most critical factor in 
determining the technical and economic viability of a heat pump in any application. 
Consequently, the most successful industrial applications are those engineered to minimize 
this temperature lift, such as recovering heat from a process stream that is only slightly cooler 
than the stream that requires heating. Conversely, applications requiring a very large lift—for 
instance, attempting to produce high-temperature steam using cold ambient air as a heat 
source—will be inherently less efficient and face significant economic challenges. 

 

1.3 A Taxonomy of Heat Pump Systems: From Residential to Industrial 
Scale 
 

Heat pumps can be classified based on several criteria, including their heat source, the 
technology used to drive the thermodynamic cycle, and their scale of application. 
Understanding this taxonomy is crucial for selecting the appropriate system for a given 
industrial context. 

 

1.3.1 Classification by Heat Source 



 

The choice of heat source is a primary determinant of a heat pump's performance and 
installation complexity. 

●​ Air-Source Heat Pumps (ASHP): These systems extract thermal energy from the 
ambient air. They are the most common type for residential and commercial buildings due 
to their relative ease of installation and lower upfront cost.1 However, their efficiency and 
capacity decrease as the outdoor air temperature drops, as there is less heat to extract 
and the temperature lift increases.15 Modern "cold climate" ASHPs have been developed 
to operate effectively in temperatures as low as -30°C, though often with reduced 
performance.1 

●​ Ground-Source Heat Pumps (GSHP): Also known as geothermal heat pumps, these 
systems extract heat from the ground or groundwater via a network of buried pipes.1 The 
ground maintains a relatively stable temperature year-round (typically 6–20°C a few 
meters below the surface), which is warmer than the air in winter and cooler than the air 
in summer.3 This stable source temperature results in a smaller and more consistent 
temperature lift, leading to significantly higher and more stable efficiencies compared to 
ASHPs.3 The primary drawback is the higher initial cost and land disruption associated 
with installing the underground pipe loop.3 

●​ Water-Source Heat Pumps: These systems utilize a body of water—such as a lake, river, 
or ocean—as the heat source or sink.11 In an industrial context, this category is 
particularly important as it includes the use of process wastewater, cooling water circuits, 
or even sewage water as a low-grade heat source, providing a valuable opportunity for 
waste heat recovery.18 

 

1.3.2 Classification of Industrial-Scale Systems 

 

For applications in the petroleum industry, the most relevant classifications are based on the 
thermodynamic cycle and its integration with the industrial process. The choice between 
these systems is a strategic one, dictated not only by the heating duty but also by the 
available energy sources and economic drivers at a specific facility. A site with access to 
abundant and low-cost electricity will naturally favor electrically-driven mechanical systems, 
whereas a site with a surplus of low-pressure steam or cheap fuel gas might find a 
thermally-driven absorption heat pump to be a more economical solution, even if its COP is 
lower. 

●​ Closed-Cycle Mechanical Heat Pumps: This is the most common industrial 
configuration. It employs a self-contained, closed loop of a working fluid or "refrigerant" 
to transfer heat from a waste heat source to a process stream that requires heating.13 



The cycle is driven by a mechanical compressor, which is typically powered by an electric 
motor. This design offers flexibility, as the refrigerant can be optimized for the specific 
temperature range of the application. 

●​ Open-Cycle Mechanical Vapor Recompression (MVR): MVR is a highly efficient form 
of heat pump where the process vapor itself serves as the working fluid, eliminating the 
need for a separate refrigerant loop.14 In a typical application, such as a distillation 
column, the low-pressure vapor from the top of the column is drawn into a compressor. 
The compression raises the vapor's pressure and corresponding saturation temperature. 
This hot, compressed vapor is then routed to the column's reboiler, where it condenses 
and provides the necessary heat for boiling the liquid at the bottom of the column. This 
direct heat integration makes MVR exceptionally efficient for processes with a small 
temperature difference between the condenser and reboiler.14 

●​ Absorption Heat Pumps (AHP): Unlike mechanical heat pumps, AHPs are "thermally 
driven." They replace the energy-intensive mechanical compressor with a thermal 
compression process that uses a heat source, such as steam or direct fuel combustion, 
as the primary energy input.1 These systems use a binary working fluid, typically a 
refrigerant (e.g., ammonia) and an absorbent (e.g., water).10 While their electrical 
consumption is minimal (only for liquid pumps), their overall efficiency depends on the 
quality of the driving heat. A key advantage of AHPs is their ability to achieve very high 
temperature lifts, making them suitable for upgrading low-temperature waste heat to 
more valuable, higher temperatures.13 

●​ High-Temperature Heat Pumps (HTHP): This is a functional category rather than a 
distinct thermodynamic cycle. HTHPs are industrial-grade heat pumps specifically 
engineered to deliver heat at temperatures above 100°C, with current technologies 
capable of reaching 150–200°C and, in some cases, up to 280°C.18 This capability allows 
them to produce low-to-medium pressure steam, making them a direct potential 
replacement for fossil-fuel-fired boilers in a wide range of industrial processes, including 
those found in refineries.22 

The following table provides a comparative overview of these key industrial heat pump 
technologies, tailored for evaluation within a refinery context. 
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2.0 The Thermodynamic Engine: A Detailed 
Examination of Operational Cycles 
 

This section provides a detailed technical breakdown of the internal workings of heat pumps, 
focusing on the vapor-compression cycle that underpins the majority of industrial systems. It 
also explores alternative cycles and the critical role of refrigerants in system performance and 



safety. 

 

2.1 The Vapor-Compression Cycle: The Workhorse of Modern Heat 
Pumps 
 

The vapor-compression refrigeration cycle is the most widely used technology for both 
refrigeration and heat pumping.10 It is a closed-loop thermodynamic process that leverages 
the physical principle that the boiling point of a fluid is dependent on its pressure.30 By 
manipulating the pressure of a specialized working fluid, known as a refrigerant, the system 
can absorb heat at a low temperature and release it at a much higher temperature. The cycle 
consists of four primary components: an evaporator, a compressor, a condenser, and an 
expansion device.7 

●​ Step 1: Evaporation (Heat Absorption). The cycle begins as a cold, low-pressure 
mixture of liquid and vapor refrigerant enters the evaporator. The evaporator is a heat 
exchanger where the refrigerant is exposed to the low-temperature heat source (e.g., 
ambient air, ground loop, or an industrial waste heat stream).29 Because the refrigerant's 
boiling point at this low pressure is below the temperature of the heat source, the 
thermal energy from the source flows into the refrigerant, causing it to boil and 
completely vaporize. In this process, the refrigerant absorbs a significant amount of 
latent heat of vaporization, effectively capturing thermal energy from the source.4 The 
refrigerant leaves the evaporator as a cool, low-pressure gas.29 

●​ Step 2: Compression (Work Input). The low-pressure gas from the evaporator is drawn 
into the compressor, which is often described as the "heart" of the system.32 The 
compressor, driven by an external power source (typically an electric motor), performs 
mechanical work on the gas, compressing it to a much higher pressure.29 In accordance 
with the ideal gas laws, this compression not only increases the pressure but also 
significantly raises the temperature of the refrigerant gas.9 The refrigerant exits the 
compressor as a hot, high-pressure superheated vapor. This step is the primary 
consumer of energy in the cycle and is what makes the "pumping" of heat possible.10 

●​ Step 3: Condensation (Heat Rejection). The hot, high-pressure vapor flows from the 
compressor into the condenser, which is another heat exchanger. Here, the refrigerant is 
exposed to the higher-temperature heat sink (e.g., the indoor air or water of a building's 
heating system, or a process stream in a refinery).29 Because the refrigerant's 
temperature is now well above that of the heat sink, heat flows out of the refrigerant and 
into the sink. As the refrigerant rejects its latent heat of condensation, it changes phase 
from a gas back into a liquid.4 The refrigerant leaves the condenser as a warm, 
high-pressure liquid.29 The heat released during this stage is the useful output of the 
heat pump in heating mode. 



●​ Step 4: Expansion (Pressure and Temperature Reduction). The warm, high-pressure 
liquid refrigerant then flows to an expansion device, most commonly a thermostatic 
expansion valve (TXV) or a simple orifice.29 This device creates a significant pressure 
drop, causing the liquid refrigerant to rapidly expand and partially vaporize, a process 
known as "flashing".29 This abrupt expansion causes the refrigerant's temperature to 
plummet, returning it to its initial cold, low-pressure state. This cold liquid/vapor mixture 
is then directed back to the evaporator, where the cycle begins anew.4 

The entire cycle is a continuous process of phase change and pressure manipulation, skillfully 
engineered to absorb heat where it is not wanted (or is of low value) and release it where it is 
needed at a higher, more useful temperature. The entire viability of the system rests on the 
performance and reliability of its components, particularly the compressor. As the primary 
moving part and the consumer of external work, the compressor's efficiency dictates the 
overall system COP, and its mechanical integrity is paramount for operational uptime. Failures 
in this single component are often the most critical, as they can halt the entire heat transfer 
process and lead to costly downtime.34 

 

2.2 Alternative Cycles: Absorption and Gas-Driven Systems 
 

While vapor-compression is the dominant technology, alternative cycles exist that are better 
suited for specific energy environments, particularly in industrial settings where various forms 
of energy are available. 

●​ Vapor Absorption Cycle. The absorption cycle replaces the power-intensive mechanical 
compressor with a "thermal compressor".10 This system is driven by a low-grade heat 
source rather than electricity. The cycle still includes an evaporator, condenser, and 
expansion valve, but the compression stage is achieved through a chemical and thermal 
process involving an absorber and a generator.20 

○​ In the absorber, refrigerant vapor (e.g., ammonia) at low pressure is absorbed into a 
liquid solution (the absorbent, e.g., water). This absorption process is exothermic and 
releases heat.21 

○​ The resulting "rich" liquid solution is then pumped to a higher pressure. Pumping a 
liquid requires significantly less energy than compressing a gas, which is a key 
advantage of this cycle.21 

○​ In the generator, heat from an external source (e.g., waste steam, flue gas, or a 
natural gas burner) is applied to the high-pressure solution. This heat boils the more 
volatile refrigerant out of the solution, producing high-pressure refrigerant vapor.10 

○​ This high-pressure vapor then flows to the condenser to reject its heat, just as in a 
vapor-compression cycle. The now "weak" absorbent solution is returned to the 



absorber to repeat the process. This cycle is particularly advantageous in locations 
with high electricity costs but access to cheap or free waste heat.13 

●​ Gas-Engine Heat Pumps (GHP). These systems are a hybrid technology that uses a 
natural gas-fueled internal combustion engine to drive the compressor of a standard 
vapor-compression cycle.35 While they still operate on the same thermodynamic 
principles, GHPs offer a unique advantage: the ability to recover waste heat. Significant 
thermal energy is generated by the engine's cooling system and in its exhaust gases. This 
recovered heat can be captured and added to the heat delivered by the condenser, 
dramatically increasing the overall thermal efficiency of the system.36 This allows GHPs to 
achieve Gas Utilization Efficiency (GUE) or thermal COP values well over 100% (e.g., 
120%-160%), as they are delivering both the "pumped" heat and the recovered engine 
heat.36 GHPs are a compelling option for facilities with established natural gas 
infrastructure seeking to reduce electricity consumption and peak demand.38 

 

2.3 The Role of Refrigerants: From HFCs to Natural Alternatives 
 

The working fluid, or refrigerant, is the lifeblood of a heat pump, and its thermodynamic 
properties are critical to the system's performance, safety, and environmental impact.11 The 
ideal refrigerant has a boiling point that is suitable for the desired evaporation and 
condensation temperatures at manageable pressures. 

Historically, synthetic refrigerants like chlorofluorocarbons (CFCs) and 
hydrochlorofluorocarbons (HCFCs) were widely used but were phased out under the Montreal 
Protocol due to their high Ozone Depletion Potential (ODP). Their replacements, 
hydrofluorocarbons (HFCs), have zero ODP but are potent greenhouse gases with high Global 
Warming Potential (GWP) and are now being phased down under international agreements 
like the Kigali Amendment.14 

This regulatory landscape has driven a strong industry trend toward the use of natural 
refrigerants, especially in large-scale industrial applications where sustainability and 
long-term compliance are paramount.28 While environmentally superior, these fluids introduce 
new operational considerations. 

●​ Ammonia (R-717): Ammonia is one of the most efficient refrigerants known and has 
been used in industrial refrigeration for over a century. It has zero ODP and zero GWP. It 
is well-suited for heat pumps delivering heat up to 90°C.31 However, ammonia is toxic and 
mildly flammable under certain conditions, necessitating stringent safety measures, 
specialized equipment, and robust ventilation systems, particularly in enclosed spaces.31 

●​ Carbon Dioxide (CO₂; R-744): CO₂ is an excellent natural refrigerant with zero ODP and 
a GWP of 1. It is non-toxic and non-flammable, making it very safe from a chemical 



hazard perspective.31 Its main challenge is its very high operating pressure, which 
requires specially designed, robust components. For heating applications, it is often used 
in a "transcritical" cycle, where it does not condense at high pressure but instead cools 
as a supercritical fluid, which is well-suited for water heating applications.31 

●​ Hydrocarbons (HCs): Propane (R-290) and butane (R-600) are hydrocarbons with 
excellent thermodynamic properties, zero ODP, and very low GWP.14 They are highly 
efficient and operate at pressures similar to HFCs. Their primary drawback is their high 
flammability.22 Using HCs as refrigerants in an industrial facility like a refinery requires 
rigorous process safety management, including hazardous area classification, 
spark-proof equipment, and enhanced fire detection and suppression systems. 

The transition to natural refrigerants is not a simple "drop-in" replacement. It represents a 
fundamental shift in design philosophy and risk management. While environmentally 
necessary, the adoption of toxic (ammonia) or flammable (hydrocarbons) refrigerants 
introduces new process safety hazards into a refinery environment that must be meticulously 
engineered and managed. This can add to the capital cost and complexity of a heat pump 
project, representing a tangible barrier that must be overcome in addition to the core 
economic and thermodynamic challenges. 

 

3.0 Strategic Application in the Petroleum Industry 
 

This section transitions from the theoretical principles of heat pump operation to their 
practical and strategic application within the oil and gas sector. It examines the driving forces 
for their adoption, explores opportunities across the value chain, and provides a detailed 
focus on the modern petroleum refinery, where the technology holds the most significant 
potential for energy efficiency improvements and decarbonization. 

 

3.1 The Imperative for Decarbonization and Energy Efficiency in Oil & 
Gas 
 

The industrial sector is a colossal consumer of energy and a primary source of global CO₂ 
emissions, with process heating accounting for the majority of industrial energy demand.27 
Petroleum refineries are among the most energy-intensive manufacturing facilities, relying 
heavily on the combustion of fuel gas and the generation of steam to drive separation and 
reaction processes.22 This makes them a key target for decarbonization efforts. 



Heat pumps are increasingly recognized as a critical technology for achieving these goals.14 
As an electrification technology, they offer a direct pathway to reducing Scope 1 emissions 
(direct combustion) by replacing fuel-fired heaters and boilers. When powered by electricity 
from renewable or low-carbon sources, heat pumps can supply process heat with near-zero 
emissions at the point of use.19 Furthermore, their ability to recover and upgrade low-grade 
waste heat, which is abundant in refineries, significantly improves overall site energy 
efficiency.18 This dual benefit of emissions reduction and efficiency gain has positioned heat 
pumps as a vital tool for the energy transition, particularly in Europe, where their deployment 
is seen as a strategic means to reduce dependence on imported natural gas for industrial 
heating.45 

 

3.2 Upstream and Midstream Opportunities: EOR and Gas Processing 
 

While the primary focus for heat pump application is in downstream refining, opportunities 
also exist in the upstream and midstream sectors. 

●​ Enhanced Oil Recovery (EOR): In the upstream sector, thermal EOR techniques are 
crucial for producing heavy crude oil. These methods typically involve injecting massive 
quantities of steam into a reservoir to heat the oil, thereby reducing its viscosity and 
allowing it to flow to production wells.47 This steam is conventionally generated in large, 
gas-fired boilers located at the oilfield. High-Temperature Heat Pumps (HTHPs) are now 
capable of generating steam at the pressures and temperatures required for some EOR 
applications.22 Although no direct case studies linking HTHPs to EOR were found in the 
reviewed materials, a significant "application gap" exists. Theoretically, HTHPs could 
provide this steam far more efficiently than direct combustion, especially if a suitable 
low-grade heat source (such as produced water) is available on-site. The lack of 
documented applications likely stems from the unique challenges of the upstream 
environment, including the remote location of many oil fields, limited electrical grid 
infrastructure, the sheer scale of steam required for a full-field flood, and the historically 
low cost of using produced natural gas as boiler fuel. Nevertheless, as the industry seeks 
to decarbonize its production operations, using HTHPs for EOR steam generation 
represents a major, albeit underexplored, frontier for the technology. 

●​ Natural Gas Processing: Midstream gas processing facilities, which separate natural 
gas liquids (NGLs) from raw natural gas and fractionate them into valuable products like 
ethane, propane, and butane, are also strong candidates for heat pump integration. 
These plants rely on a series of distillation columns, which, as in refineries, are 
energy-intensive.36 Gas-engine driven heat pumps (GHPs) are a particularly synergistic 
technology for this sector. These systems use natural gas—the facility's primary 
product—to power the compressor, while also recovering waste heat from the engine to 



boost overall thermal efficiency.35 This can significantly reduce operating costs and the 
facility's reliance on purchased electricity. 

 

3.3 Focus: The Modern Refinery 
 

Petroleum refineries are highly complex, heat-integrated facilities that present both the 
greatest opportunity and the most significant challenge for heat pump retrofits.42 The vast 
quantities of heat used in processes and subsequently rejected through cooling systems 
create a target-rich environment for heat recovery and upgrading. The following subsections 
explore the most promising applications within a refinery. 

 

3.3.1 Distillation and Fractionation: The Propane-Propylene Splitter Case 

 

The separation of propane and propylene, commonly known as a C3 splitter, is one of the 
most energy-intensive distillation processes in the refining and petrochemical industries.26 
The very close boiling points of the two components necessitate the use of very tall distillation 
columns (often with 150-200 separation stages) and extremely high reflux ratios, leading to 
massive energy consumption in the reboiler and condenser.51 

This application is a textbook example of where Mechanical Vapor Recompression (MVR) 
excels. The small temperature difference between the top of the column (where propylene 
vapor is condensed) and the bottom (where liquid is reboiled) results in a very low 
temperature lift, which is the ideal condition for a heat pump.14 In an MVR configuration: 

1.​ The overhead propylene vapor from the column is fed directly to a compressor instead of 
a traditional condenser. 

2.​ The compressor raises the pressure and temperature of the vapor by just a few degrees. 
3.​ This slightly hotter, higher-pressure vapor is then sent to the column's reboiler, where it 

serves as the heating medium. As it condenses, it provides the energy needed to boil the 
liquid at the bottom of the column. 

4.​ The condensed liquid propylene is then used for reflux and product withdrawal. 

This elegant, self-contained loop effectively uses the heat of condensation to provide the 
heat of vaporization, largely eliminating the need for external steam for the reboiler and 
cooling water for the condenser.14 This application is considered a mature, well-proven 
technology in the petrochemical sector, with numerous case studies demonstrating energy 
savings of 45-50% and reductions in total annualized costs of 20-30% compared to 



conventional steam-heated columns.14 The success of MVR in C3 splitters is an 
"inside-the-fence" solution, optimizing a single, well-defined process unit where the 
thermodynamics are exceptionally favorable. 

 

3.3.2 High-Temperature Steam Generation for Process Heating 

 

A significant portion of a refinery's energy demand is for low-to-medium pressure steam (e.g., 
up to 24 bar, or approximately 220°C), which is used for heating in reboilers, reactors, and 
various other process units.22 This steam is typically generated in large, centralized gas-fired 
boilers or as a byproduct of cogeneration systems. 

High-Temperature Heat Pumps (HTHPs) represent a disruptive technology capable of 
electrifying this steam generation. Leading industrial equipment manufacturers now offer 
HTHP systems that can take low-grade waste heat and upgrade it to produce steam at these 
useful temperatures and pressures.22 The heat source for such a system would be one of the 
many low-temperature waste heat streams available throughout the refinery, such as cooling 
water return lines, overhead condenser duties from other columns, or product rundown 
coolers.6 By replacing a portion of the steam generated by combustion with steam from an 
HTHP powered by low-carbon electricity, a refinery can achieve substantial reductions in its 
direct fuel consumption and associated CO₂ emissions. 

 

3.3.3 Valorizing Waste Heat: Integrating with Cooling Systems and Flue Gas 
Streams 

 

Refineries reject enormous quantities of low-grade thermal energy to the environment, 
primarily through cooling water systems and air-cooled heat exchangers.54 This continuous 
stream of waste heat, often at temperatures between 30°C and 60°C, represents a massive, 
untapped energy resource. 

Heat pumps are uniquely capable of capturing this low-value heat and "upgrading" or 
"pumping" it to a higher, more useful temperature level.20 For example, a heat pump could 
extract heat from a 40°C cooling water return stream and use it to generate 120°C hot water 
or low-pressure steam, which can then be used for process heating or boiler feedwater 
preheating, directly displacing the consumption of primary fuel.20 

A more sophisticated application was evaluated in a case study at the Neste Porvoo refinery. 
The study investigated using an absorption heat pump to provide chilled water (10°C) to the 



condenser of a vacuum distillation unit.55 By providing colder cooling, the heat pump would 
allow the distillation column to operate at a lower vacuum (lower pressure). This lower 
operating pressure enhances the separation of valuable vacuum gas oils from the residue, 
thereby increasing the yield of high-value products. In this scenario, the heat pump provides a 
dual benefit: not only does it offer an energy efficiency improvement, but it also directly 
enhances the profitability of a core process unit.55 

This broader vision of refinery-wide waste heat valorization represents a more complex 
"outside-the-fence" challenge compared to the self-contained MVR application. It requires a 
systemic approach, integrating heat sources and sinks across different process units, which 
involves extensive piping and creates operational interdependencies. A failure in a centralized 
heat pump system could potentially impact multiple production units, a significant operational 
risk that must be carefully managed.56 

The following table provides a strategic matrix for identifying and prioritizing potential heat 
pump applications within a typical petroleum refinery, based on the critical parameter of 
temperature lift. 
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4.0 Case Studies in Industrial Application: Successes, 
Setbacks, and Lessons Learned 
 

This section provides the analytical core of the report, moving from theoretical potential to 
the practical realities of implementation. By examining real-world projects—including notable 
successes and documented failures or non-starters—it is possible to distill the critical factors 
that govern the outcome of industrial heat pump initiatives. A recurring theme emerges: while 



the technology itself is generally robust, its success is overwhelmingly dictated by the 
economic and systemic context in which it is deployed. 

 

4.1 Successful Implementations: Analyzing the Business Case 
 

Successful heat pump projects are characterized by a strong alignment of thermodynamic 
feasibility, economic benefit, and strategic corporate objectives. 

●​ The BASF Ludwigshafen Project: A Blueprint for Large-Scale Chemical/Refinery 
Integration. A landmark project was initiated through a strategic partnership between 
chemical giant BASF and technology provider MAN Energy Solutions to construct a 
large-scale industrial heat pump at BASF's massive Ludwigshafen chemical complex, a 
site analogous in scale and complexity to a large, integrated refinery.41 The project's 
concept is to harness low-grade waste heat from the site's cooling water system to 
generate process steam, thereby reducing the facility's substantial natural gas 
consumption. The projected impact is a reduction of up to 390,000 metric tons of CO₂ 
emissions annually.41 The key factor in this project's viability is its strategic driver. For an 
industry leader like BASF, the primary motivation extends beyond immediate energy cost 
savings to include long-term decarbonization and the fulfillment of corporate 
sustainability targets. The project leverages a massive, stable, and readily available 
source of low-grade waste heat, providing an ideal technical foundation for a large-scale 
HTHP application. 

●​ MVR in Petrochemical Distillation: A Mature and Proven Application. The use of 
Mechanical Vapor Recompression (MVR) heat pumps on propane-propylene (C3) 
splitters is the most widely cited success story for this technology in the hydrocarbon 
processing industry.14 The application is a perfect thermodynamic match, exploiting the 
small temperature difference between the top and bottom of the column to achieve an 
exceptionally high COP.14 A detailed case study from Sunteco in a Korean petrochemical 
plant documents a series of successful MVR installations over several years, starting in 
2009. The projects demonstrated significant, quantifiable cost savings and CO₂ 
reductions by recycling waste heat to generate steam, with iterative improvements and 
scaling of the technology in subsequent plant expansions.57 Further techno-economic 
analyses confirm these findings, showing that MVR can reduce the energy consumption 
of a C3 splitter by 45-50% and lower the total annualized cost by 20-30% compared to a 
conventional cryogenic distillation process.26 The success of this application is rooted in 
its clear, compelling, and well-documented business case, underpinned by favorable 
thermodynamics. 

●​ Neste Porvoo Refinery: A Hub for Energy Efficiency and Transformation. The Neste 
refinery in Porvoo, Finland, provides a case study in strategic, rather than purely 
project-based, success. The refinery has a stated corporate ambition to become the 



most sustainable in Europe by 2030 and to achieve carbon-neutral production by 2035.58 
This high-level strategic commitment creates a powerful top-down driver for 
investigating and implementing advanced energy efficiency solutions. Several studies 
have been conducted at the site, including a plan to utilize the vast amounts of 
low-temperature excess heat from the broader Kilpilahti industrial area for district 
heating using heat pumps.59 Another specific study evaluated the use of an absorption 
heat pump to enhance the efficiency and product yield of the vacuum distillation unit.55 
The success in this context is the proactive integration of heat pump technology into a 
comprehensive, long-term decarbonization roadmap that also includes renewable 
hydrogen and circular feedstocks.58 This demonstrates that a strong corporate vision can 
create the necessary conditions for innovative technologies to be seriously considered 
and advanced, even before a definitive project-level financial return is established. 

 

4.2 Project Failures and Post-Mortem Analysis: Learning from 
Non-Viability 
 

Failures provide some of the most valuable lessons. In the context of industrial heat pumps, 
"failure" can mean a technical breakdown, but more often it refers to a project that fails to 
proceed because of an unworkable business case. 

●​ Economic Hurdles: When the Numbers Don't Work. The majority of documented 
"failures" fall into this category. 
○​ Alcoa's Wagerup MVR Pilot: A pilot project to install an MVR system at an Alcoa 

alumina facility in Western Australia was reportedly closed due to 
"higher-than-expected costs".61 This is a critical data point. It shows that even a 
technologically mature and generally successful application like MVR can fail if 
site-specific integration costs, local utility prices, or other project-specific economic 
factors prove unfavorable. It underscores that there is no one-size-fits-all solution, 
and each project must be rigorously evaluated on its own merits. 

○​ NREL Techno-Economic Case Studies: The U.S. National Renewable Energy 
Laboratory (NREL) used a detailed model to evaluate the economic competitiveness 
of HTHPs in two food processing applications: beer brewing in California and yogurt 
making in Vermont.62 The results were starkly different. The yogurt-making case was 
found to be economically competitive, largely due to a more favorable ratio between 
electricity and natural gas prices in Vermont. The beer-brewing case in California, 
however, was not economically viable.62 This provides a clear, controlled example of 
how the​
exact same technology can be a success in one jurisdiction and a failure in another, 
based entirely on local energy market economics. 



○​ North Carolina State University (NCSU) Industrial Assessment: A study evaluated 
four potential waste heat-driven heat pump installations at different industrial 
facilities.63 While three showed positive payback periods, the fourth, at a large fiber 
optic cable manufacturer, was deemed unjustifiable. The reason was not a technical 
flaw, but a simple lack of application: the heat produced by the pump could not 
readily replace an existing, costly heat source. This highlights a crucial lesson in 
project scoping: there must be a genuine, displaceable thermal load for the heat 
pump to serve. Without it, there are no savings to be realized, and the project has no 
economic basis.63 

●​ Technical Failures: Analysis of MVR Impeller Breakdowns. While less common, 
catastrophic technical failures have occurred, and their analysis is highly instructive. 
○​ Failure Mode: Multiple sources document the failure of MVR impellers—the core 

compressor component—in industrial service, sometimes after only a few hundred 
hours of operation.64 A detailed failure analysis of an MVR impeller from a dairy 
processing plant found that a blade was thrown from the impeller after just 150 hours 
of commissioning.66 

○​ Root Cause Analysis: Post-mortem investigations, including scanning electron 
microscopy (SEM), identified the failure mechanism as high-cycle fatigue 
cracking.64 The root cause was not a flaw in the thermodynamic concept of the heat 
pump, but a specific and complex mechanical engineering issue. A detailed vibration 
analysis revealed that the motor's variable speed drive (VSD) control system was 
inducing large​
torsional oscillatory stresses in the driveshaft and impeller. These oscillations 
excited the natural resonant frequencies of the impeller assembly, leading to rapid 
fatigue and catastrophic failure.64 Other analyses of similar failures have pointed to 
pre-existing casting defects or improper weld repairs on the impeller blades, which 
act as stress concentration points where fatigue cracks can initiate.67 

○​ Lessons Learned: This provides a critical lesson in system integration. The heat 
pump's compressor cannot be viewed as a standalone piece of equipment. It is part 
of a complex electromechanical system that includes the motor, coupling, and VSD 
controller. A mismatch in the dynamic characteristics of these components can lead 
to destructive resonance. Successful implementation of large, high-speed rotating 
equipment like MVR compressors requires deep, specialized expertise in 
turbomachinery dynamics, vibration analysis, and control systems engineering to 
ensure the entire drive train is designed and commissioned as a single, integrated 
system. 

●​ The "Failure to Launch": Projects Deemed Non-Viable. Many potential heat pump 
projects are shelved during the feasibility study phase. The reasons are overwhelmingly 
economic and systemic. 
○​ The Electricity vs. Gas Price Disparity: This is the single most frequently cited 

barrier to the adoption of electric heat pumps in industry. In the United States and 
many other regions, the price of electricity per unit of energy ($/MWh) can be three 



to five times higher than the price of natural gas.68 Even with a COP of 3.0, an electric 
heat pump may still have higher operating costs than a conventional 85% efficient 
gas boiler. This unfavorable "spark spread" makes it very difficult to build a positive 
business case based on energy savings alone.43 

○​ Site-Specific Integration Complexity and Cost: Retrofitting a heat pump into an 
existing industrial plant is rarely a simple "drop-in" replacement.68 It often requires a 
comprehensive re-optimization of the plant's entire heat exchanger network, 
extensive new piping, and upgrades to the electrical system. These site-specific 
integration costs can be substantial and are often a major source of uncertainty in 
the early stages of a project, making it difficult to secure funding.18 

The following table synthesizes the key findings from these case studies, providing a 
comparative analysis of the factors that drive success and failure. 
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savings. 

This analysis reveals that while technical failures can and do occur, they are typically the 
result of specific, solvable engineering oversights. The more pervasive and fundamental 
challenge is economic. The success of a heat pump project is less a function of the heat 
pump's inherent capability and more a function of the broader system into which it is 
integrated, including the physical plant, the local energy market, and the strategic priorities of 
the operating company. 

 

5.0 Overcoming Implementation Hurdles: A 
Techno-Economic and Operational Guide 
 

The successful deployment of industrial heat pumps, particularly in the complex environment 
of a petroleum refinery, requires a clear-eyed assessment of the significant technical, 
economic, and operational hurdles. The lessons learned from past projects provide a roadmap 
for identifying viable opportunities and de-risking implementation. This section synthesizes 
these challenges into a structured guide for project evaluation. 

 

5.1 The Economic Equation: CAPEX, OPEX, and the Energy Price 
Dilemma 
 

The business case for any industrial heat pump project rests on a delicate balance between 
upfront capital expenditure (CAPEX) and long-term operational expenditure (OPEX). 

●​ High Capital Costs (CAPEX): Industrial heat pumps, especially large-scale, 
custom-engineered HTHP systems, represent a significant upfront investment. These 
costs are typically higher than those for conventional gas-fired boilers or furnaces.68 The 
capital cost includes not only the heat pump unit itself (compressor, heat exchangers, 
etc.) but also extensive ancillary costs for installation, piping, electrical system upgrades, 
and process integration. For large industrial units, equipment costs in 2021 were 
estimated to be in the range of $400-$550 per kilowatt of thermal capacity.73 The 
complexity and "first-of-a-kind" nature of many industrial retrofits further contribute to 
high engineering and construction costs.71 

●​ Operating Costs (OPEX): The dominant component of a mechanical heat pump's OPEX 
is the cost of electricity to power the compressor. Therefore, the economic viability of a 



project is acutely sensitive to the price ratio between electricity and the fossil fuel it 
displaces, which in a refinery is typically site-produced fuel gas or purchased natural 
gas.43 A common rule of thumb is that for an electric heat pump to be cost-competitive 
with a natural gas boiler, the price ratio of electricity to gas (on an equivalent energy 
basis, e.g., $/MWh) should be less than the heat pump's COP. In many markets, this ratio 
is significantly higher, making it difficult to generate positive cash flow from energy 
savings alone.68 

●​ Rigorous Techno-Economic Analysis: A comprehensive techno-economic evaluation is 
non-negotiable for any potential project. This analysis must go beyond simple energy 
savings calculations to include standard financial metrics such as Payback Period (PBP), 
Net Present Value (NPV), and Internal Rate of Return (IRR).62 Studies have shown that 
while industrial heat pump projects can have payback periods of around five years, this 
figure is highly variable and depends on site-specific conditions, particularly local energy 
prices.63 The decision to invest is therefore not just an engineering decision but a 
strategic financial one, often predicated on assumptions about future energy prices and 
carbon legislation. A company investing in a heat pump today is effectively making a bet 
that the economic equation will shift in its favor over the project's lifetime, either through 
rising fossil fuel prices, the implementation of a meaningful carbon tax, or a decrease in 
the cost of low-carbon electricity.43 

 

5.2 The Technical Challenge: Temperature Lift and System Integration 
 

Beyond economics, two fundamental technical challenges govern the feasibility of industrial 
heat pump applications. 

●​ The Temperature Lift Limitation: As established by the Carnot principle, the 
temperature lift is the key thermodynamic barrier. The efficiency (COP) of a 
vapor-compression heat pump decreases sharply as the required temperature difference 
between the heat source and the heat sink increases.14 This physical limitation makes 
heat pumps exceptionally well-suited for upgrading heat over small temperature ranges 
(e.g., < 50°C) but increasingly challenged for high-lift applications.25 While technologies 
like multi-stage or cascade cycles can achieve higher lifts, they do so at the cost of 
increased complexity and lower efficiency.77 Therefore, the first step in identifying viable 
projects is to map the facility's heat sources and sinks to find opportunities with the 
lowest possible temperature lift. 

●​ System Integration Complexity: Integrating a heat pump into an existing, highly 
optimized refinery is a formidable challenge.14 It is not a simple equipment swap. A 
successful project requires a holistic, site-wide approach to energy management. This 
involves using sophisticated process integration methodologies like​



Pinch Analysis to analyze the entire facility's heat exchanger network (HEN) and identify 
the thermodynamically optimal points to extract waste heat (the source) and deliver 
useful heat (the sink).25 Failure to perform this systemic analysis can lead to a 
sub-optimal design that fails to deliver the expected savings or, worse, creates new 
operational bottlenecks.50 Furthermore, the heat source must be stable and reliable; 
significant fluctuations in the temperature or flow rate of a waste heat stream can disrupt 
the heat pump's operation and compromise its performance.14 

 

5.3 The Retrofit Dilemma: Integrating New Technology in Mature 
Facilities 
 

The challenges of system integration are magnified when retrofitting older, mature facilities, 
creating a paradox where the plants that could benefit most from efficiency upgrades are 
often the most difficult to modify. 

●​ Space and Structural Constraints: Many older refineries are densely packed with 
equipment and piping, leaving little available plot space for a new, large-scale heat pump 
system and its associated heat exchangers and infrastructure.79 The structural integrity 
of existing pipe racks and foundations may also be insufficient to support new 
equipment.80 

●​ Operational Disruption and Downtime: The process of installing and tying in a new, 
highly integrated system can require significant and prolonged shutdowns of existing 
process units.80 For a refinery, this operational downtime translates directly into lost 
production and revenue, which can be prohibitively expensive.56 Projects that can be 
largely constructed "outside the battery limits" on a new plot and then tied into the main 
refinery utility systems during a regularly scheduled, plant-wide turnaround are far more 
likely to be approved and successfully executed.56 

●​ Utility System Upgrades: A large-scale electrification strategy centered on heat pumps 
will place a substantial new load on the site's electrical distribution system. This often 
necessitates costly upgrades to substations, transformers, switchgear, and cabling, 
which can be a major "hidden cost" that is overlooked in preliminary project estimates.79 
The reliability of the external power grid also becomes a critical new operational risk.56 

 

5.4 Reliability and Maintenance Considerations 
 

For a continuous process facility like a refinery, operational reliability is the highest priority. 



The introduction of new technology must not compromise the stability and availability of the 
plant. 

●​ Operational Risk: The failure of a critical piece of equipment, such as a centralized heat 
pump system supplying steam to multiple units, could trigger a cascade of shutdowns 
across the facility, leading to massive financial losses and potential safety incidents.18 
This high-consequence risk can make experienced plant managers and operators 
inherently conservative and hesitant to adopt technologies that are perceived as less 
proven than traditional gas-fired boilers, which have a century-long track record of 
reliability. 

●​ Maintenance and Workforce Skills: Industrial heat pumps introduce complex rotating 
equipment (compressors), specialized refrigerant handling procedures, and advanced 
control systems. This may require new maintenance strategies and skill sets that are not 
always present in a traditional refinery maintenance workforce, which is typically focused 
on conventional pumps, furnaces, and exchangers.78 Common faults that require 
proactive maintenance include the fouling of heat exchanger surfaces, which degrades 
performance over time, and refrigerant leakage, which is both an operational and an 
environmental concern.34 

 

6.0 The Future Outlook: Innovation and the Role of 
Heat Pumps in the Energy Transition 
 

As the petroleum industry charts its course through the energy transition, heat pump 
technology is poised to play an increasingly crucial role. While current challenges are 
significant, ongoing innovation and shifting external pressures are steadily improving the 
viability and strategic importance of this technology. This final section examines the future 
trajectory of heat pump development and provides strategic recommendations for its 
adoption within the petroleum sector. 

 

6.1 Emerging Technologies and High-Temperature Frontiers 
 

The primary frontier for industrial heat pump research and development is the push towards 
higher delivery temperatures with greater efficiency. Overcoming the current limitations will 
unlock a much wider range of applications within refineries and chemical plants. 

●​ Pushing Temperature Boundaries: The most significant area of innovation is in the 



development of HTHPs capable of reliably and efficiently delivering heat at temperatures 
above the current commercial norm of 150-200°C.18 Reaching temperatures in the 
200-300°C range would allow heat pumps to generate medium-to-high pressure steam, 
making them a viable alternative for a much larger portion of a refinery's process heating 
needs.22 

●​ Technological Advancements: This push to higher temperatures is being enabled by 
several key innovations: 
○​ Advanced Compressor Technology: Development of compressors that can handle 

higher pressures and temperatures, using advanced materials and aerodynamic 
designs, is critical.23 

○​ Novel Refrigerants: Research into new synthetic refrigerants, such as 
hydrofluoroolefins (HFOs), and optimized blends of natural refrigerants aims to find 
working fluids with good thermodynamic properties at high temperatures, while 
maintaining low GWP and acceptable safety profiles.81 

○​ Advanced Cycle Configurations: More complex thermodynamic cycles, such as 
multi-stage compression, cascade systems (which use different refrigerants in high- 
and low-temperature loops), and hybrid absorption-compression cycles, are being 
deployed to achieve higher temperature lifts more efficiently than a simple 
single-stage cycle.28 

●​ Improved Modeling and Design Tools: The development and dissemination of 
sophisticated techno-economic modeling tools, such as the HTHP model created by 
NREL, are vital for the industry.62 These tools allow for more accurate and rapid initial 
screening of potential projects, helping companies to identify the most promising 
opportunities and avoid wasting resources on non-viable concepts, thereby de-risking 
the entire development process.62 

 

6.2 Strategic Recommendations for Adoption in the Petroleum Sector 
 

For petroleum companies looking to integrate heat pumps into their decarbonization and 
energy efficiency strategies, a phased and strategic approach is recommended. 

1.​ Start with the "Proven Plays." Initial efforts should focus on mature, economically 
proven, and thermodynamically favorable applications. The prime example is the use of 
MVR for C3 splitters and other close-boiling distillation columns.14 Successfully 
implementing these low-risk projects builds institutional confidence, develops in-house 
expertise with the technology, and generates tangible returns that can be used to justify 
further investment in more advanced applications. 

2.​ Conduct Holistic, Site-Wide Energy Assessments. Heat pumps should not be 
evaluated as isolated, drop-in replacements. A comprehensive, site-wide energy and 



process integration study is the essential first step. Using methodologies like Pinch 
Analysis, engineers can map all of the facility's heat sources and sinks to identify the 
optimal integration points that minimize temperature lift, reduce piping and integration 
costs, and maximize overall site efficiency.50 This systems-level approach is critical to 
uncovering the most valuable opportunities. 

3.​ Plan for the Future Energy and Regulatory Landscape. The economic evaluation of a 
heat pump project must extend beyond a simple payback calculation based on current 
energy prices. The analysis should incorporate scenario modeling that considers a range 
of future electricity and natural gas prices, as well as the potential implementation of 
carbon pricing mechanisms (e.g., a carbon tax or emissions trading system).43 The 
strategic value of fuel switching, emissions reduction, and hedging against future 
carbon-related regulatory risk should be quantified and included in the overall business 
case. The decision to invest will likely be driven by a forward-looking view that anticipates 
a "tipping point" where the combination of rising carbon costs and falling renewable 
electricity prices makes electrification overwhelmingly favorable. 

4.​ De-risk Emerging Technologies Through Pilot Projects. For newer, less-proven HTHP 
applications, such as high-temperature steam generation, companies should consider 
smaller-scale pilot projects. A pilot allows for the validation of the technology's 
performance under real-world operating conditions, helps to identify and resolve 
unforeseen operational and maintenance challenges, and provides crucial data to de-risk 
the much larger investment required for a full-scale, process-critical installation.61 

5.​ Foster a Collaborative Ecosystem. Successful implementation of complex, highly 
integrated projects requires close collaboration between multiple stakeholders. This 
includes the technology providers (OEMs), who have deep knowledge of the heat pump 
equipment; the engineering, procurement, and construction (EPC) contractors, who 
manage the detailed design and installation; and the end-user's own project, operations, 
and corporate teams.18 Bridging the knowledge gaps between these groups is essential 
for ensuring that the final design is not only technically sound but also operationally 
robust and aligned with the company's strategic goals. 

Ultimately, industrial heat pumps should not be viewed as a standalone panacea for 
decarbonization. Instead, they are a critical enabling technology within a broader portfolio of 
solutions. Their true value is unlocked when they are integrated into the energy system of a 
"refinery of the future." In such a system, on-site renewable power generation could drive 
both HTHPs for low- and medium-temperature heating duties and electrolyzers for the 
production of green hydrogen.58 This green hydrogen could then be used as fuel for the 
highest-temperature furnaces and heaters that are beyond the reach of current heat pump 
technology.85 This synergistic, integrated approach—where electrification via heat pumps 
tackles the thermodynamically easier heat loads, freeing up valuable green molecules for the 
hardest-to-abate processes—represents the most plausible and powerful pathway to 
achieving deep and lasting decarbonization in the petroleum industry. 



Works cited 

1.​ Heat Pump Systems | Department of Energy, accessed August 20, 2025, 
https://www.energy.gov/energysaver/heat-pump-systems 

2.​ Heat pump - Wikipedia, accessed August 20, 2025, 
https://en.wikipedia.org/wiki/Heat_pump 

3.​ Thinking about a heat pump? Some things to know about choosing what's best 
for you, accessed August 20, 2025, 
https://apnews.com/article/furnace-heat-pump-gas-clean-climate-grid-energy-9
dc1e265aac7b98fad94f600c0c2953b 

4.​ What Is a Heat Pump? | How Does a Heat Pump Work? - Carrier, accessed August 
20, 2025, 
https://www.carrier.com/residential/en/us/products/heat-pumps/what-is-a-heat-p
ump-how-does-it-work/ 

5.​ How do heat pumps work? - National Grid, accessed August 20, 2025, 
https://www.nationalgrid.com/stories/energy-explained/how-do-heat-pumps-wo
rk 

6.​ How a heat pump works – The Future of Heat Pumps – Analysis - IEA, accessed 
August 20, 2025, 
https://www.iea.org/reports/the-future-of-heat-pumps/how-a-heat-pump-works 

7.​ Heat pumps: how they work, costs and savings - Energy Saving Trust, accessed 
August 20, 2025, 
https://energysavingtrust.org.uk/advice/in-depth-guide-to-heat-pumps/ 

8.​ Heat Pump Basics: How Heat Pumps Work & Common Types | The Super Blog, 
accessed August 20, 2025, 
https://www.superradiatorcoils.com/blog/heat-pump-basics 

9.​ Heat Pumps Thermodynamics Information, accessed August 20, 2025, 
https://www.mittensheatpumps.co.uk/heat-pumps/thermodynamics-information/ 

10.​Heat pump and refrigeration cycle - Wikipedia, accessed August 20, 2025, 
https://en.wikipedia.org/wiki/Heat_pump_and_refrigeration_cycle 

11.​Heat pump systems | Thermodynamics I Class Notes - Fiveable, accessed August 
20, 2025, 
https://library.fiveable.me/thermodynamics-i/unit-11/heat-pump-systems/study-g
uide/5VAEnzQB1z1fFAeG 

12.​Heat Pumps in Thermodynamics - Number Analytics, accessed August 20, 2025, 
https://www.numberanalytics.com/blog/ultimate-guide-heat-pumps-thermodyna
mics 

13.​Industrial Heat Pumps for Steam and Fuel Savings - Publications, accessed 
August 20, 2025, https://docs.nrel.gov/docs/fy03osti/33971.pdf 

14.​Heat pumps (2023) | Ipieca, accessed August 20, 2025, 
https://www.ipieca.org/resources/energy-efficiency-compendium/heat-pumps-2
023 

15.​Heat pumps and commercial buildings | BDC.ca, accessed August 20, 2025, 
https://www.bdc.ca/en/articles-tools/sustainability/climate-action-centre/articles/
benefits-of-installing-a-heat-pump-for-your-building 

https://www.energy.gov/energysaver/heat-pump-systems
https://en.wikipedia.org/wiki/Heat_pump
https://apnews.com/article/furnace-heat-pump-gas-clean-climate-grid-energy-9dc1e265aac7b98fad94f600c0c2953b
https://apnews.com/article/furnace-heat-pump-gas-clean-climate-grid-energy-9dc1e265aac7b98fad94f600c0c2953b
https://www.carrier.com/residential/en/us/products/heat-pumps/what-is-a-heat-pump-how-does-it-work/
https://www.carrier.com/residential/en/us/products/heat-pumps/what-is-a-heat-pump-how-does-it-work/
https://www.nationalgrid.com/stories/energy-explained/how-do-heat-pumps-work
https://www.nationalgrid.com/stories/energy-explained/how-do-heat-pumps-work
https://www.iea.org/reports/the-future-of-heat-pumps/how-a-heat-pump-works
https://energysavingtrust.org.uk/advice/in-depth-guide-to-heat-pumps/
https://www.superradiatorcoils.com/blog/heat-pump-basics
https://www.mittensheatpumps.co.uk/heat-pumps/thermodynamics-information/
https://en.wikipedia.org/wiki/Heat_pump_and_refrigeration_cycle
https://library.fiveable.me/thermodynamics-i/unit-11/heat-pump-systems/study-guide/5VAEnzQB1z1fFAeG
https://library.fiveable.me/thermodynamics-i/unit-11/heat-pump-systems/study-guide/5VAEnzQB1z1fFAeG
https://www.numberanalytics.com/blog/ultimate-guide-heat-pumps-thermodynamics
https://www.numberanalytics.com/blog/ultimate-guide-heat-pumps-thermodynamics
https://docs.nrel.gov/docs/fy03osti/33971.pdf
https://www.ipieca.org/resources/energy-efficiency-compendium/heat-pumps-2023
https://www.ipieca.org/resources/energy-efficiency-compendium/heat-pumps-2023
https://www.bdc.ca/en/articles-tools/sustainability/climate-action-centre/articles/benefits-of-installing-a-heat-pump-for-your-building
https://www.bdc.ca/en/articles-tools/sustainability/climate-action-centre/articles/benefits-of-installing-a-heat-pump-for-your-building


16.​Why do electric heat pumps lose their effectiveness when they are needed the 
most at extremely low temperatures? - Quora, accessed August 20, 2025, 
https://www.quora.com/Why-do-electric-heat-pumps-lose-their-effectiveness-
when-they-are-needed-the-most-at-extremely-low-temperatures 

17.​Residential Heat Pump Case Study 4: Cold - Sustainable Technologies Evaluation 
Program, accessed August 20, 2025, 
https://sustainabletechnologies.ca/app/uploads/2022/03/HP_Case_Study_4_Final.
pdf 

18.​Industrial heat pumps: Five considerations for future growth - McKinsey, 
accessed August 20, 2025, 
https://www.mckinsey.com/industries/industrials-and-electronics/our-insights/ind
ustrial-heat-pumps-five-considerations-for-future-growth 

19.​Heat pumps - Siemens Energy, accessed August 20, 2025, 
https://www.siemens-energy.com/global/en/home/products-services/product-off
erings/heat-pumps.html 

20.​Industrial Heat Pumps for Steam and Fuel Savings - Department of Energy, 
accessed August 20, 2025, 
https://www.energy.gov/sites/prod/files/2014/05/f15/heatpump.pdf 

21.​Thermally driven heat pumps, accessed August 20, 2025, 
https://www.ehpa.org/wp-content/uploads/2022/10/220928_Thermally-Driven-He
at-Pumps_technology-report_online-1.pdf 

22.​Industrial Heat Pumps | Baker Hughes, accessed August 20, 2025, 
https://www.bakerhughes.com/clean-power-solutions/industrial-heat-pumps 

23.​Industrial heat Pumps - Atlas Copco, accessed August 20, 2025, 
https://www.atlascopco.com/gas-and-process/en/products/industrial-heat-pump
s 

24.​MVR (Mechanical Vapour Recompression) Systems for Evaporation, Distillation 
and Drying - Gen Less, accessed August 20, 2025, 
https://genless.govt.nz/assets/Business-Resources/Mechanical-vapour-recompre
ssion-for-evaporation-distillation-drying.pdf 

25.​Heat pumps in distillation - TNO (Publications), accessed August 20, 2025, 
https://publications.tno.nl/publication/34631284/uv2Y86/m10090.pdf 

26.​Process Synthesis and Optimization of Propylene/Propane Separation Using 
Vapor Recompression and Self-Heat Recuperation | Request PDF - 
ResearchGate, accessed August 20, 2025, 
https://www.researchgate.net/publication/321141596_Process_Synthesis_and_Opt
imization_of_PropylenePropane_Separation_Using_Vapor_Recompression_and_S
elf-Heat_Recuperation 

27.​Strengthening Industrial Heat Pump Innovation - SINTEF, accessed August 20, 
2025, 
https://www.sintef.no/globalassets/sintef-energi/industrial-heat-pump-whitepape
r/2020-07-10-whitepaper-ihp-a4.pdf 

28.​Top Industrial Heat Pump Manufacturers: 4 examples of Success - Entropic 
Energy, accessed August 20, 2025, 
https://www.entropic.energy/post/top-industrial-heat-pump-manufacturers-4-ex

https://www.quora.com/Why-do-electric-heat-pumps-lose-their-effectiveness-when-they-are-needed-the-most-at-extremely-low-temperatures
https://www.quora.com/Why-do-electric-heat-pumps-lose-their-effectiveness-when-they-are-needed-the-most-at-extremely-low-temperatures
https://sustainabletechnologies.ca/app/uploads/2022/03/HP_Case_Study_4_Final.pdf
https://sustainabletechnologies.ca/app/uploads/2022/03/HP_Case_Study_4_Final.pdf
https://www.mckinsey.com/industries/industrials-and-electronics/our-insights/industrial-heat-pumps-five-considerations-for-future-growth
https://www.mckinsey.com/industries/industrials-and-electronics/our-insights/industrial-heat-pumps-five-considerations-for-future-growth
https://www.siemens-energy.com/global/en/home/products-services/product-offerings/heat-pumps.html
https://www.siemens-energy.com/global/en/home/products-services/product-offerings/heat-pumps.html
https://www.energy.gov/sites/prod/files/2014/05/f15/heatpump.pdf
https://www.ehpa.org/wp-content/uploads/2022/10/220928_Thermally-Driven-Heat-Pumps_technology-report_online-1.pdf
https://www.ehpa.org/wp-content/uploads/2022/10/220928_Thermally-Driven-Heat-Pumps_technology-report_online-1.pdf
https://www.bakerhughes.com/clean-power-solutions/industrial-heat-pumps
https://www.atlascopco.com/gas-and-process/en/products/industrial-heat-pumps
https://www.atlascopco.com/gas-and-process/en/products/industrial-heat-pumps
https://genless.govt.nz/assets/Business-Resources/Mechanical-vapour-recompression-for-evaporation-distillation-drying.pdf
https://genless.govt.nz/assets/Business-Resources/Mechanical-vapour-recompression-for-evaporation-distillation-drying.pdf
https://publications.tno.nl/publication/34631284/uv2Y86/m10090.pdf
https://www.researchgate.net/publication/321141596_Process_Synthesis_and_Optimization_of_PropylenePropane_Separation_Using_Vapor_Recompression_and_Self-Heat_Recuperation
https://www.researchgate.net/publication/321141596_Process_Synthesis_and_Optimization_of_PropylenePropane_Separation_Using_Vapor_Recompression_and_Self-Heat_Recuperation
https://www.researchgate.net/publication/321141596_Process_Synthesis_and_Optimization_of_PropylenePropane_Separation_Using_Vapor_Recompression_and_Self-Heat_Recuperation
https://www.sintef.no/globalassets/sintef-energi/industrial-heat-pump-whitepaper/2020-07-10-whitepaper-ihp-a4.pdf
https://www.sintef.no/globalassets/sintef-energi/industrial-heat-pump-whitepaper/2020-07-10-whitepaper-ihp-a4.pdf
https://www.entropic.energy/post/top-industrial-heat-pump-manufacturers-4-examples-of-success


amples-of-success 
29.​The 4 Main Refrigeration Cycle Components | The Super Blog, accessed August 

20, 2025, 
https://www.superradiatorcoils.com/blog/4-main-refrigeration-cycle-component
s 

30.​industrialheatpumps.nl, accessed August 20, 2025, 
https://industrialheatpumps.nl/english/operating_principle/#:~:text=The%20therm
odynamic%20cycle,to%20a%20high%20boiling%20point. 

31.​Operating principle | Industrialheatpumps.nl, accessed August 20, 2025, 
https://industrialheatpumps.nl/english/operating_principle/ 

32.​Heat Pump 102: How Does a Heat Pump Work? | Focus on Energy, accessed 
August 20, 2025, 
https://focusonenergy.com/blog/heat-pump-102-how-does-a-heat-pump-work 

33.​Basic Refrigeration Cycle Explained : r/MechanicalEngineering - Reddit, accessed 
August 20, 2025, 
https://www.reddit.com/r/MechanicalEngineering/comments/mtdy9m/basic_refrig
eration_cycle_explained/ 

34.​A review of common faults in large-scale heat pumps - DTU Research Database, 
accessed August 20, 2025, 
https://orbit.dtu.dk/files/282625469/A_review_of_common_faults_in_large_scale_h
eat_pumps_1_.pdf 

35.​Gas-Engine Heat Pumps (GHP)｜Energy Systems - YANMAR, accessed August 
20, 2025, https://www.yanmar.com/global/energy/ghp/ 

36.​The Guide to Efficient & Affordable Natural Gas Heat Pumps - Website is Under 
Construction - myescenter.com, accessed August 20, 2025, 
https://consortia.myescenter.com/GHP/ESC-GHP_Guide.pdf 

37.​Gas Absorption Heat Pumps - The Atmospheric Fund, accessed August 20, 2025, 
https://taf.ca/custom/uploads/2018/10/TAF_GAHP-White-Paper_2018.pdf 

38.​CASE STUDY Cold-Climate Demonstration of Natural Gas Engine-Driven Heat 
Pump and Electric Cold-Climate Heat Pump VRF Systems at - GTI Energy, 
accessed August 20, 2025, 
https://www.gti.energy/wp-content/uploads/2020/11/Case-Study-Variable-Refrige
rant-Flow-VRF-Heat-Pump-Systems-in-Cold-Climates-2019Dec15.pdf 

39.​Heat Pumps - Energy System - IEA, accessed August 20, 2025, 
https://www.iea.org/energy-system/buildings/heat-pumps 

40.​Industrial Heat Pumps - GEA, accessed August 20, 2025, 
https://www.gea.com/en/products/heat-pumps/ 

41.​Heat pumps for process industries - Everllence, accessed August 20, 2025, 
https://www.man-es.com/process-industry/campaigns/heat-up-carbon-down/in
dustrial-processes 

42.​OPTIMISATION OF EXISTING HEAT-INTEGRATED REFINERY DISTILLATION 
SYSTEMS, accessed August 20, 2025, 
https://skoge.folk.ntnu.no/prost/proceedings/distillation02/dokument/33-1.pdf 

43.​Electrification of U.S. Manufacturing With Industrial Heat Pumps - Publications | 
LBL ETA Publications - Lawrence Berkeley National Laboratory, accessed August 

https://www.entropic.energy/post/top-industrial-heat-pump-manufacturers-4-examples-of-success
https://www.superradiatorcoils.com/blog/4-main-refrigeration-cycle-components
https://www.superradiatorcoils.com/blog/4-main-refrigeration-cycle-components
https://industrialheatpumps.nl/english/operating_principle/#:~:text=The%20thermodynamic%20cycle,to%20a%20high%20boiling%20point.
https://industrialheatpumps.nl/english/operating_principle/#:~:text=The%20thermodynamic%20cycle,to%20a%20high%20boiling%20point.
https://industrialheatpumps.nl/english/operating_principle/
https://focusonenergy.com/blog/heat-pump-102-how-does-a-heat-pump-work
https://www.reddit.com/r/MechanicalEngineering/comments/mtdy9m/basic_refrigeration_cycle_explained/
https://www.reddit.com/r/MechanicalEngineering/comments/mtdy9m/basic_refrigeration_cycle_explained/
https://orbit.dtu.dk/files/282625469/A_review_of_common_faults_in_large_scale_heat_pumps_1_.pdf
https://orbit.dtu.dk/files/282625469/A_review_of_common_faults_in_large_scale_heat_pumps_1_.pdf
https://www.yanmar.com/global/energy/ghp/
https://consortia.myescenter.com/GHP/ESC-GHP_Guide.pdf
https://taf.ca/custom/uploads/2018/10/TAF_GAHP-White-Paper_2018.pdf
https://www.gti.energy/wp-content/uploads/2020/11/Case-Study-Variable-Refrigerant-Flow-VRF-Heat-Pump-Systems-in-Cold-Climates-2019Dec15.pdf
https://www.gti.energy/wp-content/uploads/2020/11/Case-Study-Variable-Refrigerant-Flow-VRF-Heat-Pump-Systems-in-Cold-Climates-2019Dec15.pdf
https://www.iea.org/energy-system/buildings/heat-pumps
https://www.gea.com/en/products/heat-pumps/
https://www.man-es.com/process-industry/campaigns/heat-up-carbon-down/industrial-processes
https://www.man-es.com/process-industry/campaigns/heat-up-carbon-down/industrial-processes
https://skoge.folk.ntnu.no/prost/proceedings/distillation02/dokument/33-1.pdf


20, 2025, 
https://eta-publications.lbl.gov/sites/default/files/us_industrial_heat_pump-final.pd
f 

44.​Industrial heat recovery - Using heat pumps for the sustainable reuse of waste 
heat - GEA, accessed August 20, 2025, 
https://www.gea.com/en/heating-refrigeration/industrial-heat-recovery/ 

45.​Executive Summary – The Future of Heat Pumps – Analysis - IEA, accessed 
August 20, 2025, 
https://www.iea.org/reports/the-future-of-heat-pumps/executive-summary 

46.​The Future of Heat Pumps - NET, accessed August 20, 2025, 
https://iea.blob.core.windows.net/assets/536f38a4-2624-476a-a048-21b6b4df12
b6/TheFutureofHeatPumps.pdf 

47.​Enhanced oil recovery - Wikipedia, accessed August 20, 2025, 
https://en.wikipedia.org/wiki/Enhanced_oil_recovery 

48.​Exploiting the benefits of enhanced oil recovery | World Pumps - MAG Online 
Library, accessed August 20, 2025, 
https://www.magonlinelibrary.com/doi/10.12968/S0262-1762%2822%2970065-X 

49.​Combustion and Emission Characteristics of an LNG Engine for Heat Pumps - 
MDPI, accessed August 20, 2025, https://www.mdpi.com/1996-1073/8/12/12400 

50.​(165b) Heat Integration in a Crude Distillation Unit Using Pinch Analysis Concepts | 
AIChE, accessed August 20, 2025, 
https://proceedings.aiche.org/conferences/aiche-spring-meeting-and-global-con
gress-on-process-safety/2008/proceeding/paper/165b-heat-integration-crude-d
istillation-unit-using-pinch-analysis-concepts 

51.​Simulation and Performance Analysis of Propylene-Propane Splitter in Petroleum 
Refinery Case Study - Scite, accessed August 20, 2025, 
https://scite.ai/reports/simulation-and-performance-analysis-of-VngJ9R 

52.​DESIGN AND EVALUATION OF A SYSTEM TO OBTAIN POLYMER GRADE 
PROPYLENE BY MEANS OF VAPOR RECOMPRESSION DISTILLATION - Portal 
ABPG, accessed August 20, 2025, 
https://www.portalabpg.org.br/bjpg/index.php/bjpg/article/viewFile/711/355 

53.​Case Study On MVR Heat Pump Vs. Conventional Distillation - YouTube, accessed 
August 20, 2025, https://www.youtube.com/watch?v=wHHH4IiEqyk 

54.​SPE-192654-MS Case Study of Pilot Application and Efficiency Analysis of Waste 
Heat Recovery from Gas Engine Generator Jacket Co - OnePetro, accessed 
August 20, 2025, 
https://onepetro.org/SPEADIP/proceedings-pdf/18ADIP/18ADIP/D011S014R001/119
7681/spe-192654-ms.pdf/1 

55.​Application of the absorption heat pump in an oil refinery - Aaltodoc, accessed 
August 20, 2025, 
https://aaltodoc.aalto.fi/items/49be1a8a-35c7-4424-a98c-c50fd3a8d514 

56.​Powering up: Pathways to decarbonize refining - Oil and Gas Climate Initiative, 
accessed August 20, 2025, 
https://www.ogci.com/wp-content/uploads/2023/10/Pathways-to-Decarbonize-R
efining-Report.pdf 

https://eta-publications.lbl.gov/sites/default/files/us_industrial_heat_pump-final.pdf
https://eta-publications.lbl.gov/sites/default/files/us_industrial_heat_pump-final.pdf
https://www.gea.com/en/heating-refrigeration/industrial-heat-recovery/
https://www.iea.org/reports/the-future-of-heat-pumps/executive-summary
https://iea.blob.core.windows.net/assets/536f38a4-2624-476a-a048-21b6b4df12b6/TheFutureofHeatPumps.pdf
https://iea.blob.core.windows.net/assets/536f38a4-2624-476a-a048-21b6b4df12b6/TheFutureofHeatPumps.pdf
https://en.wikipedia.org/wiki/Enhanced_oil_recovery
https://www.magonlinelibrary.com/doi/10.12968/S0262-1762%2822%2970065-X
https://www.mdpi.com/1996-1073/8/12/12400
https://proceedings.aiche.org/conferences/aiche-spring-meeting-and-global-congress-on-process-safety/2008/proceeding/paper/165b-heat-integration-crude-distillation-unit-using-pinch-analysis-concepts
https://proceedings.aiche.org/conferences/aiche-spring-meeting-and-global-congress-on-process-safety/2008/proceeding/paper/165b-heat-integration-crude-distillation-unit-using-pinch-analysis-concepts
https://proceedings.aiche.org/conferences/aiche-spring-meeting-and-global-congress-on-process-safety/2008/proceeding/paper/165b-heat-integration-crude-distillation-unit-using-pinch-analysis-concepts
https://scite.ai/reports/simulation-and-performance-analysis-of-VngJ9R
https://www.portalabpg.org.br/bjpg/index.php/bjpg/article/viewFile/711/355
https://www.youtube.com/watch?v=wHHH4IiEqyk
https://onepetro.org/SPEADIP/proceedings-pdf/18ADIP/18ADIP/D011S014R001/1197681/spe-192654-ms.pdf/1
https://onepetro.org/SPEADIP/proceedings-pdf/18ADIP/18ADIP/D011S014R001/1197681/spe-192654-ms.pdf/1
https://aaltodoc.aalto.fi/items/49be1a8a-35c7-4424-a98c-c50fd3a8d514
https://www.ogci.com/wp-content/uploads/2023/10/Pathways-to-Decarbonize-Refining-Report.pdf
https://www.ogci.com/wp-content/uploads/2023/10/Pathways-to-Decarbonize-Refining-Report.pdf


57.​Case study - SUNTECO, accessed August 20, 2025, 
http://www.sunte.co/media/view.php?b_Id=&idx=31 

58.​Determination makes the impossible possible – a refinery on its way to carbon 
neutrality, accessed August 20, 2025, 
https://www.neste.com/news-and-insights/renewable-solutions/neste-refinery-o
n-its-way-to-carbon-neutrality 

59.​Driving energy efficiency: Excess heat from Kilpilahti industrial area in Finland 
could cover one quarter of district heating of the Helsinki region - Borealis, 
accessed August 20, 2025, 
https://www.borealisgroup.com/news/driving-energy-efficiency-excess-heat-fro
m-kilpilahti-industrial-area-in-finland-could-cover-one-quarter-of-district-heati
ng-of-the-helsinki-region 

60.​Neste: Porvoo refinery to be gradually transformed into renewable and circular 
solutions refining hub - Offshore-Energy.biz, accessed August 20, 2025, 
https://www.offshore-energy.biz/neste-porvoo-refinery-to-be-gradually-transfor
med-into-renewable-and-circular-solutions-refining-hub/ 

61.​Industrial heat pumps key to addressing excess gas demand - IEEFA, accessed 
August 20, 2025, 
https://ieefa.org/sites/default/files/2024-10/Industrial%20heat%20pumps%20key
%20to%20addressing%20excess%20gas%20demand_Oct24.pdf 

62.​High-Temperature Heat Pump Model Documentation and Case Studies - 
Publications, accessed August 20, 2025, 
https://docs.nrel.gov/docs/fy23osti/84560.pdf 

63.​ABSTRACT LEWIS, NATHANIEL. Case Studies of Waste Heat Driven Industrial Heat 
Pumps from the North Carolina State University Ind, accessed August 20, 2025, 
https://repository.lib.ncsu.edu/bitstreams/17f7bc94-bbd3-4c49-bb15-34762f73d4
ae/download 

64.​Failure analysis of an MVR (mechanical vapor recompressor) Impeller - 
ResearchGate, accessed August 20, 2025, 
https://www.researchgate.net/publication/245161715_Failure_analysis_of_an_MVR
_mechanical_vapor_recompressor_Impeller 

65.​Failure Analysis of an MVR (Mechanical Vapor Compressor) Impeller : EDI, 
accessed August 20, 2025, 
https://engdyn.com/resources/failure-analysis-of-an-mvr-mechanical-vapor-com
pressor-impeller/ 

66.​Failure analysis of an MVR (mechanical vapor recompressor) Impeller - 
Engineering Dynamics Incorporated, accessed August 20, 2025, 
https://engdyn.com/wp-content/uploads/2020/04/98_-_failure_analysis_of_an_mv
r_impellar.pdf 

67.​Failure analysis of MVR (machinery vapor recompressor) impeller blade - 
ResearchGate, accessed August 20, 2025, 
https://www.researchgate.net/publication/245161089_Failure_analysis_of_MVR_m
achinery_vapor_recompressor_impeller_blade 

68.​Industrial high temperature heat pumps in Germany and Europe – potentials, 
application cases and support policy Sino-German E - Deutsche Energie-Agentur 

http://www.sunte.co/media/view.php?b_Id&idx=31
https://www.neste.com/news-and-insights/renewable-solutions/neste-refinery-on-its-way-to-carbon-neutrality
https://www.neste.com/news-and-insights/renewable-solutions/neste-refinery-on-its-way-to-carbon-neutrality
https://www.borealisgroup.com/news/driving-energy-efficiency-excess-heat-from-kilpilahti-industrial-area-in-finland-could-cover-one-quarter-of-district-heating-of-the-helsinki-region
https://www.borealisgroup.com/news/driving-energy-efficiency-excess-heat-from-kilpilahti-industrial-area-in-finland-could-cover-one-quarter-of-district-heating-of-the-helsinki-region
https://www.borealisgroup.com/news/driving-energy-efficiency-excess-heat-from-kilpilahti-industrial-area-in-finland-could-cover-one-quarter-of-district-heating-of-the-helsinki-region
https://www.offshore-energy.biz/neste-porvoo-refinery-to-be-gradually-transformed-into-renewable-and-circular-solutions-refining-hub/
https://www.offshore-energy.biz/neste-porvoo-refinery-to-be-gradually-transformed-into-renewable-and-circular-solutions-refining-hub/
https://ieefa.org/sites/default/files/2024-10/Industrial%20heat%20pumps%20key%20to%20addressing%20excess%20gas%20demand_Oct24.pdf
https://ieefa.org/sites/default/files/2024-10/Industrial%20heat%20pumps%20key%20to%20addressing%20excess%20gas%20demand_Oct24.pdf
https://docs.nrel.gov/docs/fy23osti/84560.pdf
https://repository.lib.ncsu.edu/bitstreams/17f7bc94-bbd3-4c49-bb15-34762f73d4ae/download
https://repository.lib.ncsu.edu/bitstreams/17f7bc94-bbd3-4c49-bb15-34762f73d4ae/download
https://www.researchgate.net/publication/245161715_Failure_analysis_of_an_MVR_mechanical_vapor_recompressor_Impeller
https://www.researchgate.net/publication/245161715_Failure_analysis_of_an_MVR_mechanical_vapor_recompressor_Impeller
https://engdyn.com/resources/failure-analysis-of-an-mvr-mechanical-vapor-compressor-impeller/
https://engdyn.com/resources/failure-analysis-of-an-mvr-mechanical-vapor-compressor-impeller/
https://engdyn.com/wp-content/uploads/2020/04/98_-_failure_analysis_of_an_mvr_impellar.pdf
https://engdyn.com/wp-content/uploads/2020/04/98_-_failure_analysis_of_an_mvr_impellar.pdf
https://www.researchgate.net/publication/245161089_Failure_analysis_of_MVR_machinery_vapor_recompressor_impeller_blade
https://www.researchgate.net/publication/245161089_Failure_analysis_of_MVR_machinery_vapor_recompressor_impeller_blade


GmbH (dena), accessed August 20, 2025, 
https://www.dena.de/fileadmin/dena/Dokumente/Projektportrait/Projektarchiv/Ent
rans/Industrial_high_temperature_heat_pumps_in_Germany_and_Europe_-_pote
ntials__application_cases_and_support_EN.pdf 

69.​Techno-economic evaluation of industrial heat pump applications in US pulp and 
paper, textile, and automotive industries - Energy Analysis & Environmental 
Impacts, accessed August 20, 2025, 
https://energyanalysis.lbl.gov/publications/techno-economic-evaluation-industrial 

70.​Bottom-up assessment of industrial heat pump applications in U.S. Food 
manufacturing - OSTI.gov, accessed August 20, 2025, 
https://www.osti.gov/servlets/purl/2274958 

71.​Blueprint for Success: Overcoming Challenges in Industrial Heat Decarbonization 
Projects, accessed August 20, 2025, 
https://rmi.org/blueprint-for-success-overcoming-challenges-in-industrial-heat-
decarbonization-projects/ 

72.​www.hstarschiller.com, accessed August 20, 2025, 
https://www.hstarschiller.com/blog/what-are-the-advantages-and-disadvantages
-of-a-heat-pump_b105#:~:text=Conclusion%3A,maintenance%20requirements%
2C%20and%20potential%20noise. 

73.​Techno-economic evaluation of industrial heat pump applications in US pulp and 
paper, textile, and automotive industries | Request PDF - ResearchGate, accessed 
August 20, 2025, 
https://www.researchgate.net/publication/368901582_Techno-economic_evaluati
on_of_industrial_heat_pump_applications_in_US_pulp_and_paper_textile_and_aut
omotive_industries 

74.​Techno-economic analysis of excess heat driven post-combustion CCS at an oil 
refinery | Request PDF - ResearchGate, accessed August 20, 2025, 
https://www.researchgate.net/publication/288686716_Techno-economic_analysis
_of_excess_heat_driven_post-combustion_CCS_at_an_oil_refinery 

75.​Thermodynamic and Economic Analysis of Heat Pumps for Energy Recowery in 
Industrial Processes - CiteSeerX, accessed August 20, 2025, 
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=4d6adc99f5bf
9bf646588824559ce7913c8dc15e 

76.​Mastering Heat Pumps Selection for Energy Efficient Distillation - ResearchGate, 
accessed August 20, 2025, 
https://www.researchgate.net/publication/278111678_Mastering_Heat_Pumps_Sel
ection_for_Energy_Efficient_Distillation 

77.​Thermodynamic and Economic Analysis of a High Temperature Cascade Heat 
Pump System for Steam Generation - MDPI, accessed August 20, 2025, 
https://www.mdpi.com/2227-9717/10/9/1862 

78.​High temperature heat pumps: turning up the heat on industrial decarbonisation, 
accessed August 20, 2025, 
https://www.ehpa.org/news-and-resources/news/high-temperature-heat-pumps
-turning-up-the-heat-on-industrial-decarbonisation/ 

79.​Overcoming Challenges In Retrofitting With Heat Pumps - Vindsol, accessed 

https://www.dena.de/fileadmin/dena/Dokumente/Projektportrait/Projektarchiv/Entrans/Industrial_high_temperature_heat_pumps_in_Germany_and_Europe_-_potentials__application_cases_and_support_EN.pdf
https://www.dena.de/fileadmin/dena/Dokumente/Projektportrait/Projektarchiv/Entrans/Industrial_high_temperature_heat_pumps_in_Germany_and_Europe_-_potentials__application_cases_and_support_EN.pdf
https://www.dena.de/fileadmin/dena/Dokumente/Projektportrait/Projektarchiv/Entrans/Industrial_high_temperature_heat_pumps_in_Germany_and_Europe_-_potentials__application_cases_and_support_EN.pdf
https://energyanalysis.lbl.gov/publications/techno-economic-evaluation-industrial
https://www.osti.gov/servlets/purl/2274958
https://rmi.org/blueprint-for-success-overcoming-challenges-in-industrial-heat-decarbonization-projects/
https://rmi.org/blueprint-for-success-overcoming-challenges-in-industrial-heat-decarbonization-projects/
https://www.hstarschiller.com/blog/what-are-the-advantages-and-disadvantages-of-a-heat-pump_b105#:~:text=Conclusion%3A,maintenance%20requirements%2C%20and%20potential%20noise.
https://www.hstarschiller.com/blog/what-are-the-advantages-and-disadvantages-of-a-heat-pump_b105#:~:text=Conclusion%3A,maintenance%20requirements%2C%20and%20potential%20noise.
https://www.hstarschiller.com/blog/what-are-the-advantages-and-disadvantages-of-a-heat-pump_b105#:~:text=Conclusion%3A,maintenance%20requirements%2C%20and%20potential%20noise.
https://www.researchgate.net/publication/368901582_Techno-economic_evaluation_of_industrial_heat_pump_applications_in_US_pulp_and_paper_textile_and_automotive_industries
https://www.researchgate.net/publication/368901582_Techno-economic_evaluation_of_industrial_heat_pump_applications_in_US_pulp_and_paper_textile_and_automotive_industries
https://www.researchgate.net/publication/368901582_Techno-economic_evaluation_of_industrial_heat_pump_applications_in_US_pulp_and_paper_textile_and_automotive_industries
https://www.researchgate.net/publication/288686716_Techno-economic_analysis_of_excess_heat_driven_post-combustion_CCS_at_an_oil_refinery
https://www.researchgate.net/publication/288686716_Techno-economic_analysis_of_excess_heat_driven_post-combustion_CCS_at_an_oil_refinery
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=4d6adc99f5bf9bf646588824559ce7913c8dc15e
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=4d6adc99f5bf9bf646588824559ce7913c8dc15e
https://www.researchgate.net/publication/278111678_Mastering_Heat_Pumps_Selection_for_Energy_Efficient_Distillation
https://www.researchgate.net/publication/278111678_Mastering_Heat_Pumps_Selection_for_Energy_Efficient_Distillation
https://www.mdpi.com/2227-9717/10/9/1862
https://www.ehpa.org/news-and-resources/news/high-temperature-heat-pumps-turning-up-the-heat-on-industrial-decarbonisation/
https://www.ehpa.org/news-and-resources/news/high-temperature-heat-pumps-turning-up-the-heat-on-industrial-decarbonisation/


August 20, 2025, 
https://vindsol.in/blog/overcoming-challenges-in-retrofitting-with-heat-pumps/ 

80.​Retrofitting existing buildings for sustainability: Challenges and innovations - 
ResearchGate, accessed August 20, 2025, 
https://www.researchgate.net/publication/383607985_Retrofitting_existing_buildi
ngs_for_sustainability_Challenges_and_innovations 

81.​Potential evaluation of integrated high temperature heat pumps: A review of 
recent advances | Request PDF - ResearchGate, accessed August 20, 2025, 
https://www.researchgate.net/publication/370596836_Potential_evaluation_of_int
egrated_high_temperature_heat_pumps_A_review_of_recent_advances 

82.​Task 1 - Technologies - Annex 58, accessed August 20, 2025, 
https://heatpumpingtechnologies.org/annex58/task1/ 

83.​Refrigerants for Industrial & High Temperature Heat Pumps - Opteon, accessed 
August 20, 2025, 
https://www.opteon.com/en/applications/industrial-high-temperature-heat-pump
s 

84.​(PDF) Performance evaluation of high-temperature heat pump systems for hot 
water and steam generation in food processing - ResearchGate, accessed 
August 20, 2025, 
https://www.researchgate.net/publication/388869530_Performance_evaluation_o
f_high-temperature_heat_pump_systems_for_hot_water_and_steam_generation_
in_food_processing 

85.​Industrial Demonstrations Program Selections for Award Negotiations: Chemicals 
and Refining | Department of Energy, accessed August 20, 2025, 
https://www.energy.gov/oced/industrial-demonstrations-program-selections-aw
ard-negotiations-chemicals-and-refining 

86.​Energy Transition Industries We Serve - KBC Global, accessed August 20, 2025, 
https://www.kbc.global/energy-transition/industries/ 

https://vindsol.in/blog/overcoming-challenges-in-retrofitting-with-heat-pumps/
https://www.researchgate.net/publication/383607985_Retrofitting_existing_buildings_for_sustainability_Challenges_and_innovations
https://www.researchgate.net/publication/383607985_Retrofitting_existing_buildings_for_sustainability_Challenges_and_innovations
https://www.researchgate.net/publication/370596836_Potential_evaluation_of_integrated_high_temperature_heat_pumps_A_review_of_recent_advances
https://www.researchgate.net/publication/370596836_Potential_evaluation_of_integrated_high_temperature_heat_pumps_A_review_of_recent_advances
https://heatpumpingtechnologies.org/annex58/task1/
https://www.opteon.com/en/applications/industrial-high-temperature-heat-pumps
https://www.opteon.com/en/applications/industrial-high-temperature-heat-pumps
https://www.researchgate.net/publication/388869530_Performance_evaluation_of_high-temperature_heat_pump_systems_for_hot_water_and_steam_generation_in_food_processing
https://www.researchgate.net/publication/388869530_Performance_evaluation_of_high-temperature_heat_pump_systems_for_hot_water_and_steam_generation_in_food_processing
https://www.researchgate.net/publication/388869530_Performance_evaluation_of_high-temperature_heat_pump_systems_for_hot_water_and_steam_generation_in_food_processing
https://www.energy.gov/oced/industrial-demonstrations-program-selections-award-negotiations-chemicals-and-refining
https://www.energy.gov/oced/industrial-demonstrations-program-selections-award-negotiations-chemicals-and-refining
https://www.kbc.global/energy-transition/industries/

	Industrial Heat Pumps: A Comprehensive Technical and Economic Analysis for the Petroleum Industry 
	Executive Summary 
	1.0 The Fundamentals of Heat Pump Technology 
	1.1 Defining the Heat Pump: Moving Heat vs. Creating Heat 
	1.2 Core Principles and Key Performance Metrics 
	1.3 A Taxonomy of Heat Pump Systems: From Residential to Industrial Scale 
	1.3.1 Classification by Heat Source 
	1.3.2 Classification of Industrial-Scale Systems 


	2.0 The Thermodynamic Engine: A Detailed Examination of Operational Cycles 
	2.1 The Vapor-Compression Cycle: The Workhorse of Modern Heat Pumps 
	2.2 Alternative Cycles: Absorption and Gas-Driven Systems 
	2.3 The Role of Refrigerants: From HFCs to Natural Alternatives 

	3.0 Strategic Application in the Petroleum Industry 
	3.1 The Imperative for Decarbonization and Energy Efficiency in Oil & Gas 
	3.2 Upstream and Midstream Opportunities: EOR and Gas Processing 
	3.3 Focus: The Modern Refinery 
	3.3.1 Distillation and Fractionation: The Propane-Propylene Splitter Case 
	3.3.2 High-Temperature Steam Generation for Process Heating 
	3.3.3 Valorizing Waste Heat: Integrating with Cooling Systems and Flue Gas Streams 


	4.0 Case Studies in Industrial Application: Successes, Setbacks, and Lessons Learned 
	4.1 Successful Implementations: Analyzing the Business Case 
	4.2 Project Failures and Post-Mortem Analysis: Learning from Non-Viability 

	5.0 Overcoming Implementation Hurdles: A Techno-Economic and Operational Guide 
	5.1 The Economic Equation: CAPEX, OPEX, and the Energy Price Dilemma 
	5.2 The Technical Challenge: Temperature Lift and System Integration 
	5.3 The Retrofit Dilemma: Integrating New Technology in Mature Facilities 
	5.4 Reliability and Maintenance Considerations 

	6.0 The Future Outlook: Innovation and the Role of Heat Pumps in the Energy Transition 
	6.1 Emerging Technologies and High-Temperature Frontiers 
	6.2 Strategic Recommendations for Adoption in the Petroleum Sector 
	Works cited 




