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ADIABATIC COMPRESSED AIR ENERGY STORAGE PROCESS 

Cross-Reference to Related Applications 

[0001] This application claims priority to U.S. Patent Application Serial No. 61/372,252, which was 

filed August 10, 2010. The priority application is hereby incorporated by reference in its entirety into 

the present application.  

Background 

[0002] The present disclosure relates to systems and methods for compressed air energy storage 

(CAES), and more particularly to adiabatic CAES.  

[0003] Oftentimes, electrical power consumed varies between peak hours and off-peak hours. For 

example, peak hours may include 8-12 daytime hours, and off-peak hours may include the 

remaining 12-16 hours of the day and/or night. CAES is a way to store energy generated during off

peak hours for use during peak hours.  

[0004] In conventional CAES systems, excess power from an electrical grid is used to power an 

electric motor that drives a compressor. Gas (usually atmospheric air) compressed by the 

compressor is cooled and stored in a cavern at a high pressure. During peak hours, the 

compressed gas is drawn from the cavern, heated, and supplied to a combustion system that 

further expands the hot gas across a turbine. The energy from the heated compressed gas drives 

the turbine, which is coupled to and drives an electrical generator. The electrical generator 

generates electrical power that is re-supplied to the electrical grid. In the foregoing system, known 

as a "diabatic" CAES system, the heat energy from the gas output from the compressor is 

transferred out of the system, and additional energy is used to re-heat the compressed gas that is 

fed to the turbine.  

[0005] It is therefore desirable to find improved CAES systems and methods offering higher 

efficiencies and reduced cost.  

Summary 

[0006] Embodiments of the disclosure may provide a compressed air energy storage system. The 

system may include a compressor adapted to receive a process gas and output a compressed 

process gas. A heat transfer unit may be coupled to the compressor and adapted to receive the 

compressed process gas and a heat transfer medium and to output a cooled process gas and a 

heated heat transfer medium. A compressed gas storage unit may be coupled to the heat transfer 

unit and adapted to receive and store the cooled process gas. A waste heat recovery unit may be 

coupled to the heat transfer unit and adapted to receive the heated heat transfer medium. A 

thermal mass may be coupled to the waste heat recovery unit and the compressed gas storage 

unit, and the thermal mass may be adapted to be heated by the waste heat recovery unit, to receive 

the cooled process gas from the compressed gas storage unit, to heat the cooled process gas, and 
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to output a heated process gas. A power generation unit may be coupled to 

the thermal mass and adapted to receive the heated process gas and 

generate a power output.  

5 [0007] Embodiments of the disclosure may further provide a method of 

generating power. The method may include compressing a process gas with 

a compressor to produce a compressed process gas. The method may also 

include transferring heat from the compressed process gas to a heat transfer 

medium with a heat transfer unit to produce a cooled process gas and a 
10 heated heat transfer medium. The method may further include storing the 

cooled process gas in a compressed gas storage unit. The method may 

further include transporting the heated heat transfer medium to a waste heat 

recovery unit. The method may further include heating a thermal mass with 

the waste heat recovery unit. The method may further include transporting 
15 the cooled process gas from the compressed gas storage unit to the thermal 

mass. The method may further include heating the cooled process gas with 

the thermal mass to produce a heated process gas. The method may further 

include transporting the heated process gas from the thermal mass to a 

power generation unit. The method may further include generating a power 

20 output with the power generation unit.  

[0008] Embodiments of the disclosure may further provide a compressed air 

energy storage system. A compressor may be coupled to and driven by a 
driver, and the compressor may be adapted to compress a process gas. A 

25 first heat transfer unit may be coupled to the compressor and adapted 

receive the process gas from the compressor and transfer heat from the 

process gas to a first heat transfer medium. A first waste heat recovery unit 

may be coupled to the first heat transfer unit and adapted to receive the first 

heat transfer medium from the first heat transfer unit and generate a first 
30 power output. A process cooler may be coupled to the first heat transfer unit 

and adapted to receive the process gas from the first heat transfer unit and 

cool the process gas. A compressed gas storage unit may be coupled to the 
9AQ'Qi,1
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process cooler and adapted to receive process gas from the process cooler 

and store the process gas. An electric heater may be coupled to the first 

waste heat recovery unit and adapted to receive the first power output. A 

thermal mass may be coupled to the electric heater and the compressed gas 

5 storage unit and adapted to be heated by the electric heater, to receive the 

process gas from the compressed gas storage unit, and to heat the process 

gas. A power generation unit may be coupled to the thermal mass and 

adapted to receive the process gas from the thermal mass and generate a 

second power output.  

10 

[0008a] In accordance with one aspect of the present invention, there is 

provided a compressed air energy storage system, including: a compressor 

train including a plurality of compressors, each compressor of the plurality of 

compressors being configured to receive a process gas and output a 

15 compressed process gas; a plurality of heat transfer units, each heat transfer 

unit of the plurality of heat transfer units being coupled to a respective 

compressor of the plurality of compressors and configured to receive the 

compressed process gas and a heat transfer medium and to output a cooled 

process gas and a heated heat transfer medium; a compressed gas storage 

20 unit coupled to a heat transfer unit of the plurality of heat transfer units and 

configured to receive and store the cooled process gas from the heat 

transfer unit; a plurality of waste heat recovery units, each waste heat 

recovery unit of the plurality of waste heat recovery units being coupled to a 

respective heat transfer unit of the plurality of heat transfer units and 

25 configured to receive the heated heat transfer medium and generate 

electrical power; an electric heater coupled to each waste heat recovery unit 

of the plurality of waste heat recovery units and configured to receive the 

electrical power from each waste heat recovery unit of the plurality of waste 

heat recovery units and generate heat; a thermal mass in thermal 

30 communication with the electric heater and the compressed gas storage unit, 

the thermal mass configured to be heated by the heat generated by the 

electric heater, to receive the cooled process gas from the compressed gas 

2492390v1



2b 

storage unit, to heat the cooled process gas from the compressed gas 

storage unit, and to output a heated process gas; and a power generation 

unit including: a combustor coupled to the thermal mass and configured to 

receive the heated process gas from the thermal mass, combust the heated 

5 process gas with a fuel, and output a combusted process gas; an expander 

coupled to the combustor and configured to receive and expand the 

combusted process gas to generate mechanical energy; and an electrical 

generator coupled to the expander and configured to convert the mechanical 

energy from the expander to a power output.  

10 

[0008b] In accordance with another aspect of the present invention, there is 

provided a method of generating power, including: compressing a process 

gas with a compressor train including a plurality of compressors to produce a 

compressed process gas; transferring heat from the compressed process 

15 gas to a heat transfer medium with a plurality of heat transfer units to 

produce a cooled process gas and a heated heat transfer medium, each 

heat transfer unit of the plurality of heat transfer units being coupled to a 

respective compressor of the plurality of compressors; storing the cooled 

process gas in a compressed gas storage unit; transporting the heated heat 

20 transfer medium to a plurality of waste heat recovery units, each waste heat 

recovery unit of the plurality of waste heat recovery units being coupled to a 

respective heat transfer unit of the plurality of heat transfer units; generating 

electrical power in the plurality of waste heat recovery units; powering an 

electric heater with the electrical power from the plurality of waste heat 

25 recovery units; heating a thermal mass with the electric heater; transporting 

the cooled process gas from the compressed gas storage unit to the thermal 

mass; heating the cooled process gas with the thermal mass to produce a 

heated process gas; transporting the heated process gas from the thermal 

mass to a combustor of a power generation unit; combusting the heated 

30 process gas with a fuel in the combustor to produce a combusted process 

gas; expanding the combusted process gas in an expander of the power 

generation unit to generate mechanical energy; and converting the 

2492390v1
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mechanical energy from the expander to a power output with an electrical 

generator of the power generation unit.  

[0008c] In accordance with yet another aspect of the present invention, there 

5 is provided a compressed air energy storage system, including: a plurality of 

compressors, each compressor of the plurality of compressors coupled to 

and driven by a driver and configured to compress a process gas; a plurality 

of heat transfer units, a first heat transfer unit of the plurality of heat transfer 

units being coupled to a first compressor of the plurality of compressors and 

10 configured receive the process gas from the first compressor and transfer 

heat from the process gas to a first heat transfer medium; a plurality of waste 

heat recovery units, a first waste heat recovery unit of the plurality of waste 

heat recovery units being coupled to the first heat transfer unit and 

configured to receive the first heat transfer medium from the first heat 

15 transfer unit and generate a first electrical power output; a process cooler 

coupled to the first heat transfer unit and configured to receive the process 

gas from the first heat transfer unit and cool the process gas; a compressed 

gas storage unit coupled to the process cooler and configured to receive the 

process gas from the process cooler and store the process gas; an electric 

20 heater coupled to the first waste heat recovery unit and configured to receive 

the first electrical power output; a thermal mass in thermal communication 

with the electric heater and the compressed gas storage unit and configured 

to be heated by the electric heater, to receive the process gas from the 

compressed gas storage unit, and to heat the process gas from the 

25 compressed gas storage unit; and a power generation unit including: 

a combustor coupled to the thermal mass and configured to receive the 

heated process gas from the thermal mass, combust the heated process gas 

with a fuel, and output a combusted process gas; an expander coupled to 

the combustor and configured to receive and expand the combusted process 

30 gas to generate mechanical energy; and an electrical generator coupled to 

the expander and configured to convert the mechanical energy from the 

expander to a second electrical power output.  

2492390v1
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Brief Description of the Drawings 

[0009] The present disclosure is best understood from the following detailed 

description when read with the accompanying Figures. It is emphasized that, 

5 in accordance with the standard practice in the industry, various features are 

not drawn to scale. In fact, the dimensions of the various features may be 

arbitrarily increased or reduced for clarity of discussion.  

2492390v1
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[0010] Figure 1 depicts a block diagram of an illustrative adiabatic CAES system, according to one 

or more embodiments described.  

[0011] Figure 2 depicts a block diagram of another illustrative adiabatic CAES system including a 

supersonic compressor train, according to one or more embodiments described.  

[0012] Figure 3 depicts a flow chart of an illustrative method of generating power using stored 

compressed air energy, according to one or more embodiments described.  

Detailed Description 

[0013] It is to be understood that the following disclosure describes several exemplary 

embodiments for implementing different features, structures, or functions of the invention.  

Exemplary embodiments of components, arrangements, and configurations are described below to 

simplify the present disclosure; however, these exemplary embodiments are provided merely as 

examples and are not intended to limit the scope of the invention. Additionally, the present 

disclosure may repeat reference numerals and/or letters in the various exemplary embodiments and 

across the Figures provided herein. This repetition is for the purpose of simplicity and clarity and 

does not in itself dictate a relationship between the various exemplary embodiments and/or 

configurations discussed in the various Figures. Moreover, the formation of a first feature over or 

on a second feature in the description that follows may include embodiments in which the first and 

second features are formed in direct contact, and may also include embodiments in which additional 

features may be formed interposing the first and second features, such that the first and second 

features may not be in direct contact. Finally, the exemplary embodiments presented below may be 

combined in any combination of ways, i.e., any element from one exemplary embodiment may be 

used in any other exemplary embodiment, without departing from the scope of the disclosure.  

[0014] Additionally, certain terms are used throughout the following description and claims to refer 

to particular components. As one skilled in the art will appreciate, various entities may refer to the 

same component by different names, and as such, the naming convention for the elements 

described herein is not intended to limit the scope of the invention, unless otherwise specifically 

defined herein. Further, the naming convention used herein is not intended to distinguish between 

components that differ in name but not function. Further, in the following discussion and in the 

claims, the terms "including" and "comprising" are used in an open-ended fashion, and thus should 

be interpreted to mean "including, but not limited to." All numerical values in this disclosure may be 

exact or approximate values unless otherwise specifically stated. Accordingly, various 

embodiments of the disclosure may deviate from the numbers, values, and ranges disclosed herein 

without departing from the intended scope. Furthermore, as it is used in the claims or specification, 

the term "or" is intended to encompass both exclusive and inclusive cases, i.e., "A or B" is intended 

to be synonymous with "at least one of A and B," unless otherwise expressly specified herein.  

3
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[0015] Figure 1 depicts a block diagram of an illustrative adiabatic CAES system 100, according to 

one or more embodiments described. The CAES system 100 may include a compressor train 104 

having one or more compressors 106,126,146,166 adapted to compress a process gas. In at least 

one embodiment, the process gas may be ambient air. The compressors 106,126,146,166 may be 

supersonic compressors, centrifugal compressors, axial flow compressors, reciprocating 

compressors, rotary screw compressors, rotary vane compressors, scroll compressors, diaphragm 

compressors, or the like.  

[0016] The compressor train 104 may also include one or more drivers 105,125,145,165 coupled to 

and adapted to drive the compressors 106,126,146,166. The drivers 105,125,145,165 may be 

electric motors, turbines, or any other device known in the art to drive a compressor 

106,126,146,166. Although four drivers 105,125,145,165 and four compressors 106,126,146,166 

are depicted in Figure 1, any number of drivers 105,125, 145,165 and/or compressors 

106,126,146,166 may be used in the compressor train 104 of the CAES system 100.  

[0017] In at least one embodiment, as shown, the first driver 105 may drive the first compressor 

106, the second driver 125 may drive the second compressor 126, the third driver 145 may drive 

the third compressor 146, and the fourth driver 165 may drive the fourth compressor 166. In at 

least one embodiment, at least one of the drivers 105,125,145,165 and compressors 

106,126,146,166 may be disposed together in a hermetically sealed casing (not shown). For 

example, at least one of the drivers 105,125,145,165 and compressors 106,126,146,166 may 

include a DATUM" centrifugal compressor unit commercially-available from Dresser-Rand of Olean, 

New York. In another embodiment, at least one of the compressors 106,126,146,166 may include 

Rampressors' developed by Ramgen Power Systems, LLC of Bellevue, Washington.  

[0018] During off-peak hours, the compressor train 104 may compress the process gas, and the 

process gas may be introduced to and stored in a compressed gas storage unit 185. In at least one 

embodiment, the compressed gas storage unit 185 may be a cavern or a vessel. For example, the 

compressed gas storage unit 185 may be a rock cavern, a salt cavern, an aquifer, an abandoned 

mine, a depleted gas field, a container stored under water or above ground, or the like. However, 

other compressed gas storage units 185 are contemplated herein.  

[0019] Heat transfer units 109,115,129,135,149,155,169,175 may be disposed between 

compressors and/or stages 106,126,146,166 of the compressor train 104. The heat transfer units 

109,115,129,135,149,155,169,175 may include a coil system, a shell-and-tube system, a direct 

contact system, or other heat transfer system known in the art. A heat transfer medium may flow 

through the heat transfer units 109,115,129,135,149,155, 169,175 and absorb heat from the 

process gas. Thus, the heat transfer medium has a higher temperature when it exits the heat 

transfer units 109,115,129,135,149, 155,169,175 than when it enters the heat transfer units 

4
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109,115,129,135,149,155,169,175, i.e., the heat transfer medium is heated, and the process gas 

has a lower temperature when it exits the heat transfer units 109,115,129,135,149,155,169,175 

than when it enters the heat transfer units 109,115,129,135, 149,155,169,175, i.e., the process gas 

is cooled. The heat transfer medium may be water, steam, a suitable refrigerant, a process gas 

such as C02 or propane, a combination thereof, or any other suitable heat transfer medium.  

[0020] Heat transfer units 109,129,149,169 maybe high grade heat transfer units, and heat transfer 

units 115,135,155,175 may be low grade heat transfer units. Each high grade heat transfer unit 

109,129,149,169 may be disposed upstream of one or more of the low grade heat transfer units 

115,135,155,175. Thus, the process gas introduced to each high grade heat transfer unit 

109,129,149,169 may have a higher temperature than the process gas introduced to each adjacent 

low grade heat transfer unit 115,135,155,175. Depending on the design, one or more of the heat 

transfer units 109,115,129,135,149,155,169,175 may, in addition to extracting energy from the 

process stream, introduce cooling to the process thereby lowering the temperature of the process 

stream to a temperature lower than ambient. With this configuration, process coolers 121, 141, 161 

and 181 are not required.  

[0021] Each heat transfer unit 109,115,129,135,149,155,169,175 may be coupled to a waste heat 

recovery unit (WHRU) 112,118,132,138,152,158,172,178. After the heat transfer medium flows 

through and is heated in a heat transfer unit 109,115,129,135, 149,155,169,175, it may be 

introduced to the waste heat recovery unit (WHRU) 112,118,132,138,152,158,172,178 coupled to it.  

The WHRUs 112,118,132,138,152,158, 172,178 may each include a turbine (not shown), such as 

a high pressure turbine expander, and a generator (not shown). The heat transfer medium may 

directly drive the turbine expander or may be used to transfer thermal energy to another gas to drive 

the turbine expander, and the turbine expander may power the generator, which may generate 

electrical power.  

[0022] WHRUs 112,132,152,172 may be high grade WHRUs, and WHRUs 118,138,158,178 may 

be low grade WHRUs. The high grade WHRUs 112,132,152,172 may receive the heat transfer 

medium from the high grade heat transfer units 109,129,149,169, and the low grade WHRUs 

118,138,158,178 may receive the heat transfer medium from the low grade heat transfer units 

115,135,155,175. In at least one embodiment, the WHRUs 112,118,132,138,152,158,172,178 may 

recover between about 10% and about 30%, about 20% and about 40%, about 25% and about 

50%, or more of the energy put into the system depending on the temperature of the process 

stream and the design of the WHRU. The amount of energy recovered is directly dependent on the 

temperature of the process stream. In at least one embodiment, the high grade WHRUs 

112,132,152,172 may generate between about 5MW and about 15MW of electrical power, and the 

low grade WHRUs 118,138,158,178 may generate between about 1MW and about 5MW. For 

5
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example, the high grade WHRUs 112,132,152,172 may generate between about 8.5MW and about 

12MW of electrical power, and the low grade WHRUs 118,138,158,178 may generate between 

about 2MW and about 4 MW.  

[0023] Process coolers 121,141,161,181 may be disposed between the compressors 

106,126,146,166 and/or compressor stages in the compressor train 104. In at least one 

embodiment, the process coolers 121,141,161,181 may be aftercoolers or intercoolers. The 

process coolers 121,141,161,181 may remove the remaining heat from the air that did not get 

removed by the heat transfer units 109,115,129,135,149,155,169,175 and reject that residual heat 

to the atmosphere. An energy extraction scheme may be used that returns air to the next stage 

compressor that is colder than ambient.  

[0024] The electrical power generated by the WHRUs 112,118,132,138,152,158,172,178 may 

power one or more electric heaters (one is shown) 189 disposed on or in a thermal mass 188.  

Thus, heat energy from the process gas compressed by the compressor train 104 may be used to 

heat the thermal mass 188. In at least one embodiment, the thermal mass 188 may include a solid 

mass, a liquid mass, hot salt, or the like. For example, the thermal mass 188 may include water, 

earth, rammed earth, mud, rocks, stones, concrete, or wood. However, other materials are 

contemplated herein. In at least one embodiment, the thermal mass 188 may be disposed within a 

man-made insulated vessel (not shown).  

[0025] An energy source 187 may be used to augment the power supplied to the electric heater 

189. The energy source 187 may be a gas generator or the electrical grid. The energy source 187 

may also be a renewable energy source such as wind energy, solar energy, geothermal energy, or 

any other renewable energy source known in the art.  

[0026] During peak hours, the compressed process gas may be drawn from the compressed gas 

storage unit 185 and used to power a power generation unit 192. Prior to reaching the power 

generation unit 192, the compressed process gas may be introduced to the thermal mass 188, and 

heat from the thermal mass 188 may be transferred to the compressed process gas. In at least one 

embodiment, the compressed process gas may be injected free flow into the thermal mass 188.  

[0027] The heated process gas may be supplied from the thermal mass 188 to the power 

generation unit 192. In at least one embodiment, the power generation unit 192 may include an 

expander 194 and an electrical generator 195. The heated process gas may expand in the 

expander 194 generating mechanical power to drive the electrical generator 195. In at least one 

embodiment, the heated process gas from the thermal mass 188 may be combined with fuel and 

combusted in a combustor 193 prior to entering the expander 194. The fuel may include a 

hydrocarbon feed or other fuel known in the art. The electrical generator 195 may generate and 

6
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supply power to the electrical grid 101 during peak hours. In at least one embodiment, the power 

generation unit 192 may generate between 10MW and 170MW.  

[0028] A heat transfer unit 196 may be configured to recover thermal energyfrom the exhaust from 

at least one of the combustor 193, the expander 194, and the electrical generator 195. A WHRU 

197 may be coupled to the heat transfer unit 196 and configured to generate electrical power. The 

electrical power generated by the WHRU 197 may be supplied to the electric heater 189 and/or at 

least one of the drivers 105,125,145,165. The heat transfer unit 196 may be the same as any of 

heat transfer units 109,115,129,135, 149,155,169,175 or may be different, and the WHRU 197 may 

be the same as any of the WHRUs 112,118,132,138,152,158, 172,178 or may be different.  

[0029] In operation, the process gas may be introduced to the first compressor 106 via line 107. In 

at least one embodiment, the process gas in line 107 may have a pressure between about 10 psia 

and about 20 psia, a temperature between about 40 'F and about 1 10'F, a relative humidity (RH) 

between about 50% and about 70%, and a flow rate between about 370 lbs/sec and about 470 

lbs/sec. In another embodiment, the RH could be between about 0% and about 100% and the flow 

rate could be between about 25 lbs/sec and about 100 lbs/sec. For example, the process gas in 

line 107 may have a pressure of about 14.7 psia, a temperature of about 95'F, a RH of about 60%, 

and a flow rate of about 420 lbs/sec. The first compressor 106 may compress the process gas and 

output the compressed process gas in line 108. The compressed process gas in line 108 may have 

a pressure between about 60 psia and about 90 psia and a temperature between about 350*F and 

about 450'F. For example, the compressed process gas in line 108 may have a pressure of about 

75 psia and a temperature of about 400'F.  

[0030] The compressed process gas may be introduced to the first heat transfer unit 109 via line 

108, and the heat transfer medium may be introduced to the first heat transfer unit 109 via line 110.  

The heat transfer unit 109 transfers heat from the compressed process gas to the heat transfer 

medium and outputs the process gas in line 114 and the heat transfer medium in line 111.  

[0031] The heat transfer medium in line 111 may be introduced to the first WHRU 112. In at least 

one embodiment, the first WHRU 112 may generate electrical power in line 113 that powers the 

electric heater 189. In another embodiment, the first WHRU 112 may generate electrical power that 

is supplied to the first driver 105 via line 122. Thus, heat energy from the compressed process gas 

in line 108 may be used to heat the thermal mass 188 and/or power the first driver 105.  

[0032] In at least one embodiment, the process gas in line 114 may have a pressure between 

about 50 psia and about 80 psia and a temperature between about 300*F and about 500'F. For 

example, the process gas in line 114 may have a pressure of about 73 psia and a temperature of 

about 250'F. The process gas may be introduced to the second heat transfer unit 115 via line 

114, and the heat transfer medium may be introduced to the second heat transfer unit 115 via line 

7
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116. The heat transfer unit transfers heat from the process gas to the heat transfer medium and 

outputs the process gas in line 120 and the heat transfer medium in line 117.  

[0033] The heat transfer medium in line 117 may be introduced to the second WHRU 118. In at 

least one embodiment, the second WHRU 118 may generate electrical power in line 119 that 

powers the electric heater 189. In another embodiment, the second WHRU 118 may generate 

electrical power that is supplied to the first driver 105 via line 123. Thus, heat energy from the 

process gas in line 114 may be used to heat the thermal mass 188 and/or power the first driver 105.  

[0034] In at least one embodiment, the process gas in line 120 may have a pressure between 

about 50 psia and about 80 psia and a temperature between about 300'F and about 500'F For 

example, the process gas in line 120 may have a pressure of about 73 psia and a temperature of 

about 150 'F. The process gas in line 120 may be introduced to the first process cooler 121, 

which may further cool the process gas and output the process gas in line 127. In at least one 

embodiment, the process gas in line 127 may have a pressure between about 55 psia and 85 psia 

and a temperature between about 1 00'F and about 160'F. For example, the process gas in line 

127 may have a pressure of about 70 psia and a temperature of about 130'F.  

[0035] The process gas in line 127 may be introduced to the second compressor 126. The second 

compressor 126 may compress the process gas in line 127 and output a second compressed 

process gas in line 128. In at least one embodiment, the second compressed process gas in line 

128 may have a pressure between about 200 psia and about 300 psia and a temperature between 

about 250'F and about 350'F. For example, the second compressed process gas in line 128 may 

have a pressure of about 250 psia and a temperature of about 300'F.  

[0036] The second compressed process gas may be introduced to the third heat transfer unit 129 

via line 128, and the heat transfer medium may be introduced to the third heat transfer unit 129 via 

line 130. The third heat transfer unit 129 transfers heat from the second compressed process gas 

to the heat transfer medium and outputs the process gas in line 134 and the heat transfer medium 

in line 131.  

[0037] The heat transfer medium in line 131 may be introduced to the third WHRU 132. In at least 

one embodiment, the third WHRU 132 may generate electrical power in line 133 that powers the 

electric heater 189. In another embodiment, the third WHRU 132 may generate electrical power 

that is supplied to the second driver 125 via line 142. Thus, heat energy from the second 

compressed process gas in line 128 may be used to heat the thermal mass 188 and/or power the 

second driver 125.  

[0038] In at least one embodiment, the process gas in line 134 may have a pressure between 

about 200 psia and about 500 psia and a temperature between about 1 00'F and about 300'F. For 

example, the process gas in line 134 may have a pressure of about 250 psia and a temperature of 

8
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about 200'F. The process gas may be introduced to the fourth heat transfer unit 135 via line 134, 

and the heat transfer medium may be introduced to the fourth heat transfer unit 135 via line 136.  

The fourth heat transfer unit 135 may transfer heat from the process gas to the heat transfer 

medium and output the process gas in line 140 and the heat transfer medium in line 137.  

[0039] The heat transfer medium in line 137 may be introduced to the fourth WHRU 138. In at least 

one embodiment, the fourth WHRU 138 may generate electrical power in line 139 that powers the 

electric heater 189. In another embodiment, the fourth WHRU 138 may generate electrical power 

that is supplied to the second driver 125 via line 143. Thus, heat energy from the process gas in 

line 134 may be used to heat the thermal mass 188 and/or power the second driver 125.  

[0040] In at least one embodiment, the process gas in line 140 may have a pressure between 

about 200 psia and about 500 psia and a temperature between about 1 00'F and about 300'F. For 

example, the process gas in line 140 may have a pressure of about 245 psia and a temperature of 

about 125'F. The process gas in line 140 may be introduced to the second process cooler 141, 

which further cools the process gas and outputs the process gas in line 147. In at least one 

embodiment, the process gas in line 147 may have a pressure between about 195 psia and about 

295 psia and a temperature between about 1 00'F and about 160'F. For example, the process gas 

in line 147 may have a pressure of about 245 psia and a temperature of about 130'F. The process 

gas in line 147 may be introduced to the third compressor 146. The third compressor 146 may 

compress the process gas and output a third compressed process gas in line 148. In at least one 

embodiment, the third compressed process gas in line 148 may have a pressure between about 

500 PSIA and about 600 PSIA and a temperature between about 250'F and about 350'F. For 

example, the third compressed process gas in line 148 may have a pressure of about 550 PSIA and 

a temperature of about 300'F.  

[0041] The third compressed process gas may be introduced to the fifth heat transfer unit 149 via 

line 148, and the heat transfer medium may be introduced to the fifth heat transfer unit 149 via line 

150. The fifth heat transfer unit transfers heat from the third compressed process gas to the heat 

transfer medium and outputs the process gas in line 154 and the heat transfer medium in line 151 

[0042] The heat transfer medium in line 151 may be introduced to the fifth WHRU 152. In at least 

one embodiment, the fifth WHRU 152 may generate electrical power in line 153 that powers the 

electric heater 189. In another embodiment, the fifth WHRU 152 may generate electrical power that 

is supplied to the third driver 145 via line 162. Thus, heat energy from the third compressed 

process gas in line 148 may be used to heat the thermal mass 188 and/or power the third driver 

145.  

[0043] In at least one embodiment, the process gas in line 154 may have a pressure between 

about 300 psia and about 600 psia and a temperature between about 200'F and about 500'F. For 

9
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example, the process gas in line 154 may have a pressure of about 545 psia and a temperature of 

about 175'F. The process gas may be introduced to the sixth heat transfer unit 155 via line 154, 

and the heat transfer medium may be introduced to the sixth heat transfer unit 155 via line 156. The 

sixth heat transfer unit transfers heat from the process gas to the heat transfer medium and outputs 

the process gas in line 160 and the heat transfer medium in line 157 

[0044] The heat transfer medium in line 157 may be introduced to the sixth WHRU 158. In at least 

one embodiment, the sixth WHRU 158 may generate electrical power in line 159 that powers the 

electric heater 189. In another embodiment, the sixth WHRU 158 may generate electrical power 

that is supplied to the third driver 145 via line 163. Thus, heat energy from the process gas in line 

154 may be used to heat the thermal mass 188 and/or power the third driver 145.  

[0045] In at least one embodiment, the process gas in line 160 may have a pressure between 

about 300 psia and about 600 psia and a temperature between about 100'F and about 200'F. For 

example, the process gas in line 160 may have a pressure of about 540 psia and a temperature of 

about 100'F. The process gas in line 160 may be introduced to the third process cooler 161, 

which may further cool the process gas and output the process gas in line 167. In at least one 

embodiment, the process gas in line 167 may have a pressure between about 495 psia and about 

595 psia and a temperature between about 1 00'F and 160*F. For example, the process gas in line 

167 may have a pressure of about 545 psia and a temperature of about 130'F.  

[0046] The process gas in line 167 may be introduced to the fourth compressor 166. The fourth 

compressor 166 may compress the process gas and output a fourth compressed process gas in 

line 168. In at least one embodiment, the fourth compressed process gas in line 168 may have a 

pressure between about 1320 psia and about 1720 psia and a temperature between about 250'F 

and about 350'F. For example, the fourth compressed process gas in line 168 may have a 

pressure of about 1520 psia and a temperature of about 300'F.  

[0047] The fourth compressed process gas may be introduced to the seventh heat transfer unit 169 

via line 168, and the heat transfer medium may be introduced to the seventh heat transfer unit 169 

via line 170. The seventh heat transfer unit 169 transfers heat from the fourth compressed process 

gas to the heat transfer medium and outputs and the process gas in line 174 and the heat transfer 

medium in line 171.  

[0048] The heat transfer medium in line 171 may be introduced to the seventh WHRU 172. In at 

least one embodiment, the seventh WHRU 172 may generate electrical power in line 173 that 

powers the electric heater 189. In another embodiment, the seventh WHRU 172 may generate 

electrical power that is supplied to the fourth driver 165 via line 182. Thus, heat energy from the 

fourth compressed process gas in line 168 may be used to heat the thermal mass 188 and/or power 

the fourth driver 165.  

10
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[0049] In at least one embodiment, the process gas in line 174 may have a pressure between 

about 1250 psia and about 1800 psia and a temperature between about 200'F and about 300'F.  

For example, the process gas in line 174 may have a pressure of about 1515 psia and a 

temperature of about 185'F. The process gas may be introduced to the eighth heat transfer unit 

175 via line 174, and the heat transfer medium may be introduced to the eighth heat transfer unit 

175 via line 176. The eighth heat transfer unit transfers heat from the process gas to the heat 

transfer medium and outputs and the process gas in line 180 and the heat transfer medium in line 

177.  

[0050] The heat transfer medium in line 177 may be introduced to the eighth WHRU 178. In at 

least one embodiment, the eighth WHRU 178 may generate electrical power in line 179 that powers 

the electric heater 189. In another embodiment, the eighth WHRU 178 may generate electrical 

power that is supplied to the fourth driver 165 via line 183. Thus, heat energy from the process gas 

in line 174 may be used to heat the thermal mass 188 and/or power the fourth driver 165.  

[0051] In at least one embodiment, the process gas in line 180 may have a pressure between 

about 1250 psia and about 1800 psia and a temperature between about 100'F and about 200'F.  

For example, the process gas in line 180 may have a pressure of about 1510 psia and a 

temperature of about 120'F. The process gas in line 180 may be introduced to the fourth process 

cooler 181, which further cools process gas and outputs the process gas in line 184. In at least one 

embodiment, the process gas in line 184 may have a pressure between about 1300 psia and about 

1700 psia and a temperature between about 70'F and 1 00'F. For example, the process gas in line 

184 may have a pressure of about 1500 psia and a temperature of about 85'F.  

[0052] The process gas in line 184 may be introduced to and stored in the compressed gas storage 

unit 185 during off-peak hours. During peak hours, the process gas may be drawn from the 

compressed gas storage unit 185 and used to power the power generation unit 192. Prior to being 

introduced to the power generation unit 192, the process gas may be introduced to the thermal 

mass 188 via line 186. The thermal mass may transfer heat to the process gas. The thermal mass 

188 may heat the compressed process gas to a temperature between about 600'F and about 

1400'F. For example, the thermal mass 188 may heat the compressed process gas to a 

temperature between about 800*F and about 1000'F.  

[0053] The process gas may be transported from the thermal mass 188 to the power generation 

unit 192 via line 190. The process gas may expand in the expander 194 generating mechanical 

power to drive the electrical generator 195. In at least one embodiment, the process gas is 

combined with fuel and combusted in a combustor 193 prior to being introduced to the expander 

194. The electrical generator 195 may generate and supply power to the electrical grid 101 during 
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peak hours. In at least one embodiment, at least a portion of the electrical power generated by the 

electrical generator 195 may be introduced to the electric heater 189 via line 191.  

[0054] Figure 2 depicts a block diagram of another illustrative adiabatic CAES system 200 including 

a supersonic compressor train 204, according to one or more embodiments described. In at least 

one embodiment, the components in Figure 2 may be substantially similar to the corresponding 

components in Figure 1, except, the compressors 206,226 in Figure 2 may be supersonic 

compressors. The supersonic compressors 206,226 in the supersonic compressor train 204 may 

achieve the desired temperature and pressure with fewer compressors than a subsonic compressor 

train 104 (see Figure 1). In at least one embodiment, the supersonic compressors 206,226 may be 

Rampressors® developed by Ramgen Power Systems, LLC of Bellevue, Washington. In at least 

one embodiment, the first compressor206 may be a supersonic compressor having about a 60 inch 

wheel, and the second compressor may be a supersonic compressor having about a 34 inch wheel.  

Any number of supersonic compressors 206,226 may be used in the supersonic compressortrain 

204.  

[0055] The supersonic compressors 206,226 may be driven by drivers 205,225. In at least one 

embodiment, the first driver 205 may be about a 71 MW electric motor, and the second driver 225 

may be about a 69 MW electric motor. However, other motor sizes are contemplated herein.  

[0056] In operation, the process gas may be introduced to the first supersonic compressor 206 via 

line 207. In at least one embodiment, the process gas in line 207 may have a pressure between 

about 10 psia and 20 psia, a temperature between about 80'F and about 110 F, a RH between 

about 50% and about 70%, and a flow rate between about 370 lbs/sec and about 470 lbs/sec. For 

example, the process gas in line 207 may have a pressure of about 14.7 PSIA, a temperature of 

about 95'F, a RH of about 60%, and a flow rate of about 420 lbs/sec. The first supersonic 

compressor 206 may compress the process gas and output a first compressed process gas in line 

208. In at least one embodiment, the first compressed process gas in line 208 may have a 

pressure between about 100 psia and about 200 psia and a temperature between about 600'F and 

about 800'F. For example, the first compressed process gas in line 208 may have a pressure of 

about 152.5 psia and a temperature of about 700'F.  

[0057] The first compressed process gas may be introduced to the first heat transfer unit 209 via 

line 208, and the heat transfer medium may be introduced to the first heat transfer unit 209 via line 

210. The first heat transfer unit 209 transfers heat from the first compressed process gas to the 

heat transfer medium and outputs and the process gas in line 214 and the heat transfer medium in 

line 211 

[0058] The heat transfer medium in line 211 may be introduced to the first WHRU 212. In at least 

one embodiment, the first WHRU 212 may generate electrical power in line 213 that powers the 
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electric heater 289. In another embodiment, the first WHRU 212 may generate electrical power that 

is supplied to the first driver 205 via line 222. Thus, heat energy from the first compressed process 

gas in line 208 may be used to heat the thermal mass 288 and/or power the first driver 205.  

[0059] In at least one embodiment, the process gas in line 214 may have a pressure between 

about 120 psia and about 220 psia and a temperature between about 160'F and about 360'F. For 

example, the process gas in line 214 may have a pressure of about 170 psia and a temperature of 

about 260'F. The process gas may be introduced to the second heat transfer unit 215 via line 214, 

and the heat transfer medium may be introduced to the second heat transfer unit 215 via line 216.  

The second heat transfer unit 215 transfers heat from the process gas to the heat transfer medium 

and outputs the process gas in line 220 and the heat transfer medium in line 217.  

[0060] The heat transfer medium in line 217 may be introduced to the second WHRU 218. In at 

least one embodiment, the second WHRU 218 may generate electrical power in line 219 that 

powers the electric heater 289. In another embodiment, the second WHRU 218 may generate 

electrical power that is supplied to the first driver 205 via line 223. Thus, heat energy from the 

process gas in line 214 may be used to heat the thermal mass 288 and/or power the first driver 205.  

[0061] In at least one embodiment, the process gas in line 220 may have a pressure between 

about 110 psia and about 180 psia and a temperature between about 100'F and about 250'F. For 

example, the process gas in line 220 may have a pressure of about 145 psia and a temperature of 

about 120'F. The gas in line 220 may be introduced to a first process cooler 221, which further 

cools the process gas and outputs the process gas in line 227. In at least one embodiment, the 

process gas in line 227 may have a pressure between about 100 psia and 200 psia and a 

temperature between about 50'F and about 130*F. For example, the first cooled process gas may 

have a pressure of about 149 psia and a temperature of about 93'F.  

[0062] The process gas in line 227 may be introduced to the second supersonic compressor 226.  

The second supersonic compressor 226 may compress the process gas and output a second 

compressed process gas in line 228. In at least one embodiment, the second compressed process 

gas in line 228 may have a pressure between about 1325 psia and about 1725 psia and a 

temperature between about 600'F and about 800'F. For example, the second compressed 

process gas in line 228 may have a pressure of about 1525 psia and a temperature of about 699'F.  

[0063] The second compressed process gas may be introduced to the third heat transfer unit 229 

via line 228, and the heat transfer medium may be introduced to the third heat transfer unit 229 via 

line 230. The third heat transfer unit transfers heat from the second compressed process gas to the 

heat transfer medium and outputs the process gas in line 234 and the heat transfer medium in line 

231.  
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[0064] The heat transfer medium in line 231 may be introduced to the third WHRU 232. In at least 

one embodiment, the third WHRU 232 may generate electrical power in line 233 that powers the 

electric heater 289. In another embodiment, the third WHRU 232 may generate electrical power 

that is supplied to the second driver 225 via line 242. Thus, heat energy from the second 

compressed process gas in line 228 may be used to heat the thermal mass 288 and/or power the 

second driver 225.  

[0065] In at least one embodiment, the process gas in line 234 may have a pressure between 

about 1250 psia and about 1800 psia and a temperature between about 160'F and about 360'F.  

For example, the process gas in line 234 may have a pressure of about 1520 psia and a 

temperature of about 260'F. The process gas may be introduced to the fourth heat transfer unit 

235 via line 234, and the heat transfer medium may be introduced to the fourth heat transfer unit 

235 via line 236. The fourth heat transfer unit transfers heat from the process gas to the heat 

transfer medium and outputs the process gas in line 240 and the heat transfer medium in line 237.  

[0066] The heat transfer medium in line 237 may be introduced to the fourth WHRU 238. In at least 

one embodiment, the fourth WHRU 238 may generate electrical power in line 239 that powers the 

electric heater 289. In another embodiment, the fourth WHRU 238 may generate electrical power 

that is supplied to the second driver 225 via line 243. Thus, heat energy from the process gas in 

line 234 may be used to heat the thermal mass 288 and/or power the second driver 225.  

[0067] In at least one embodiment, the process gas in line 240 may have a pressure between 

about 1250 psia and about 1800 psia and a temperature between about 160'F and about 360'F.  

For example, the process gas in line 240 may have a pressure of about 1515 psia and a 

temperature of about 120'F. The process gas in line 240 may be introduced to the second process 

cooler 241, which may further cool the process gas and output the process gas in line 284. In at 

least one embodiment, the process gas in line 284 may have a pressure between about 1300 psia 

and about 1700 psia and a temperature between about 70'F and about 100'F. For example, the 

process gas in line 284 may have a pressure of about 1500 psia and a temperature of about 85'F.  

[0068] The process gas in line 284 may be introduced to and stored in the compressed gas storage 

unit 285 during off-peak hours. During peak hours, the process gas may be drawn from the 

compressed gas storage unit 285 and used to power the power generation unit 292. Prior to being 

introduced to the power generation unit 292, the process gas may be introduced to the thermal 

mass 288 via line 286. The thermal mass 288 may heat the process gas in line 286. In at least one 

embodiment, thermal mass 288 may heat the process gas in line 286 to a temperature between 

about 800'F and about 1400'F. For example, the thermal mass 288 may heat the process gas to a 

temperature between about 800'F and about 1000'F.  

14
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[0069] The process gas may be transported from the thermal mass 288 to 

the power generation unit 292 via line 290. The process gas in line 290 may 

power the expander 294. In at least one embodiment, the process gas in line 

290 may be combined with fuel and combusted in a combustor 293 prior to 

5 being introduced to the expander 294. The expander 294 may drive an 

electrical generator 295, and the electrical generator 295 may generate and 

supply power to the electrical grid 201 during peak hours. In at least one 

embodiment, at least a portion of the electrical power generated by the 

electrical generator 295 may be introduced to the electric heater 289 via line 

10 291.  

[0070] A heat transfer unit 296 may be configured to recover thermal energy 

from the exhaust from at least one of the combustor 293, the expander 294, 

and the electrical generator 295. A WHRU 297 may be coupled to the heat 

15 transfer unit 296 and configured to generate electrical power. The electrical 

power generated by the WHRU 297 may be supplied to the electric heater 

289 and/or at least one of the drivers 205,225.  

[0071] Figure 3 depicts a flowchart of an illustrative method 300 of 

20 generating power using stored compressed air energy. The method 300 

includes compressing a process gas with a compressor to produce a 

compressed process gas, as shown at 302. The method 300 also includes 

transferring heat from the compressed process gas to a heat transfer 

medium with a heat transfer unit to produce a cooled process gas and a 

25 heated heat transfer medium, as shown at 304. The method 300 also 

includes storing the cooled process gas in a compressed gas storage unit, as 

shown at 306. The method 300 also includes transporting the heated heat 

transfer medium to a waste heat recovery unit, as shown at 308. The method 

300 also includes heating a thermal mass with the waste heat recovery unit, 

30 as shown at 310. The method 300 also includes transporting the cooled 

process gas from the compressed gas storage unit to the thermal mass, as 

shown at 312. The method 300 also includes heating the cooled process gas 
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with the thermal mass to produce a heated process gas, as shown at 314.  

The method 300 also includes transporting the heated process gas from the 

thermal mass to a power generation unit, as shown at 316. The method 300 

also includes generating a power output with the power generation unit, as 

5 shown at 318.  

[0072] The reference to any prior art in this specification is not, and should 

not be taken as, an acknowledgement or any form of suggestion that the 

prior art forms part of the common general knowledge.  

10 

[0073] The foregoing has outlined features of several embodiments so that 

those skilled in the art may better understand the present disclosure. Those 

skilled in the art should appreciate that they may readily use the present 

disclosure as a basis for designing or modifying other processes and 

15 structures for carrying out the same purposes and/or achieving the same 

advantages of the embodiments introduced herein. Those skilled in the art 

should also realize that such equivalent constructions do not depart from the 

spirit and scope of the present disclosure, and that they may make various 

changes, substitutions and alterations herein without departing from the spirit 

20 and scope of the present disclosure.  

25 

30 
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CLAIMS 

1. A compressed air energy storage system, including: 

a compressor train including a plurality of compressors, each compressor of the plurality 

of compressors being configured to receive a process gas and output a compressed process gas; 

a plurality of heat transfer units, each heat transfer unit of the plurality of heat transfer 

units being coupled to a respective compressor of the plurality of compressors and configured to 

receive the compressed process gas and a heat transfer medium and to output a cooled process 

gas and a heated heat transfer medium; 

a compressed gas storage unit coupled to a heat transfer unit of the plurality of heat 

transfer units and configured to receive and store the cooled 

process gas from the heat transfer unit; 

a plurality of waste heat recovery units, each waste heat recovery unit of the plurality of 

waste heat recovery units being coupled to a respective heat transfer unit of the plurality of heat 

transfer units and configured to receive the heated heat transfer medium and generate electrical 

power; 

an electric heater coupled to each waste heat recovery unit of the plurality of waste heat 

recovery units and configured to receive the electrical power from each waste heat recovery unit 

of the plurality of waste heat recovery units and generate heat; 

a thermal mass in thermal communication with the electric heater and the compressed gas 

storage unit, the thermal mass configured to be heated 

by the heat generated by the electric heater, to receive the cooled process gas from the 

compressed gas storage unit, to heat the cooled process gas from the compressed gas storage 

unit, and to output a heated process gas; and 

a power generation unit including: 

a combustor coupled to the thermal mass and configured to receive the heated process 

gas from the thermal mass, combust the heated process gas with a fuel, and output a combusted 

process gas; 

receive and expand the combusted process gas to generate mechanical energy; and 

an electrical generator coupled to the expander and configured to convert the mechanical 

energy from the expander to a power output.
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2. The system of claim 1, wherein the electric heater is disposed at least one of on and in the 

thermal mass.  

3. The system of claim 2, further including a renewable energy source coupled to and 

configured to power the electric heater.  

4. The system of claim 1, further including a gas generator coupled to the electric heater and 

configured to deliver additional electrical power to the electric heater.  

5. The system of claim 1, wherein at least one compressor of the plurality of compressors is a 

supersonic compressor.  

6. A method of generating power, including: 

compressing a process gas with a compressor train including a plurality of compressors to 

produce a compressed process gas; 

transferring heat from the compressed process gas to a heat transfer medium with a 

plurality of heat transfer units to produce a cooled process gas and a heated heat transfer 

medium, each heat transfer unit of the plurality of heat transfer units being coupled to a 

respective compressor of the plurality of compressors; 

storing the cooled process gas in a compressed gas storage unit; 

transporting the heated heat transfer medium to a plurality of waste heat recovery units, 

each waste heat recovery unit of the plurality of waste heat recovery units being coupled to a 

respective heat transfer unit of the plurality of heat transfer units; 

generating electrical power in the plurality of waste heat recovery units; 

powering an electric heater with the electrical power from the plurality of waste heat 

recovery units; 

heating a thermal mass with the electric heater; 

transporting the cooled process gas from the compressed gas storage unit to the thermal 

mass; 

heating the cooled process gas with the thermal mass to produce a heated process gas; 

transporting the heated process gas from the thermal mass to a combustor of a power 

generation unit; 

combusting the heated process gas with a fuel in the combustor to produce a combusted 

process gas;
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expanding the combusted process gas in an expander of the power generation unit to 

generate mechanical energy; and 

converting the mechanical energy from the expander to a power output with an 

electrical generator of the power generation unit.  

7. The method of claim 6, further including: 

driving each compressor of the plurality of compressors with a driver; and 

powering the driver with the plurality of waste heat recovery units.  

8. The method of claim 6, further including operating at least one compressor of the plurality 

of compressors at supersonic speed.  

9. The method of claim 6, wherein the electric heater is disposed at least one of on and in the 

thermal mass.  

10. The method of claim 6, further including heating the thermal mass with the power 

generation unit.  

11. The method of claim 10, wherein heating the thermal mass with the power generation unit 

further includes powering the electric heater with the power generation unit, wherein the electric 

heater is disposed at least one of on and in the thermal mass and heats the thermal mass.  

12. The method of claim 6, further including heating the thermal mass with a renewable 

energy source.  

13. A compressed air energy storage system, including: 

a plurality of compressors, each compressor of the plurality of compressors coupled to 

and driven by a driver and configured to compress a process gas; 

a plurality of heat transfer units, a first heat transfer unit of the plurality of heat transfer 

units being coupled to a first compressor of the plurality of compressors and configured receive 

the process gas from the first compressor and transfer heat from the process gas to a first heat 

transfer medium; 

a plurality of waste heat recovery units, a first waste heat recovery unit of the plurality of 

waste heat recovery units being coupled to the first heat transfer unit and configured to receive
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the first heat transfer medium from the first heat transfer unit and generate a first electrical power 

output; 

a process cooler coupled to the first heat transfer unit and configured to receive the 

process gas from the first heat transfer unit and cool the process gas; 

a compressed gas storage unit coupled to the process cooler and configured to receive the 

process gas from the process cooler and store the process gas; 

an electric heater coupled to the first waste heat recovery unit and configured to receive 

the first electrical power output; 

a thermal mass in thermal communication with the electric heater and the compressed gas 

storage unit and configured to be heated by the electric heater, to receive the process gas from 

the compressed gas storage unit, 

and to heat the process gas from the compressed gas storage unit; and a power generation 

unit including: 

a combustor coupled to the thermal mass and configured to receive the heated process 

gas from the thermal mass, combust the heated process gas with a fuel, and output a combusted 

process gas; an expander coupled to the combustor and configured to receive and expand the 

combusted process gas to generate mechanical energy; and 

an electrical generator coupled to the expander and configured to convert the mechanical 

energy from the expander to a second electrical power output.  

14. The system of claim 13, wherein the electric heater is disposed at least one of on and in the 

thermal mass.  

15. The system of claim 13, wherein a second heat transfer unit of the plurality of heat transfer 

units is interposed between the first heat transfer unit and the process cooler and configured to 

receive the process gas from the first heat transfer unit and transfer heat from the process gas to a 

second heat transfer medium.  

16. The system of claim 15, wherein a second waste heat recovery unit of the plurality of 

waste heat recovery units is coupled to the second heat transfer unit and configured to receive the 

second heat transfer medium and generate a third electrical power output.  

17. The system of claim 16, wherein the electric heater is coupled to the second waste heat 

recovery unit and configured to receive the third electrical power output.
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18. The system of claim 13, wherein the driver includes an electric motor, and wherein the 

electric motor and the respective compressor of the plurality of compressors coupled thereto are 

disposed within a hermetically sealed casing.  
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