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Greek symbols 36 
 37 

η  cycle efficiency 38 

ε   
K
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 40 
Superscripts and Subscripts 41 
 42 
DIR  direct cycle 43 
INV  inverse cycle 44 
id  ideal 45 
HP  high pressure 46 
HT  high temperature 47 
LP  low pressure 48 
LT  low temperature 49 
M  mechanical 50 
T  thermal 51 
R  reservoir 52 
 53 
1. PREMISE 54 
 55 
The present study constitutes the second and conclusive part of a theoretical analysis aimed 56 
at generalizing the canonical formulation of physical exergy property. The first part of this 57 
study, already published by the Author [1], proves that the physical exergy is expressed by 58 
means of the thermal and mechanical contributions relating to useful heat, depending on the 59 
pressure difference between system and isobaric reservoir, and useful work, depending on 60 
the temperature difference between system and isothermal reservoir. In this perspective, 61 
useful work is the result of Carnot cycle direct conversion and useful heat is the result of 62 
Joule cycle inverse conversion. Both useful work and useful heat are the outcome of 63 
conversion process of available energy of a system interacting with a “generalized reservoir” 64 
at constant temperature and constant pressure and behaving as isothermal and isobaric 65 
independent reservoirs.  66 
 67 
2. INTRODUCTION 68 
 69 
Physical exergy is defined as the maximum net useful work and heat flowing through the 70 
boundaries of and within a system interacting with a reservoir in stable equilibrium state. 71 
Reversible ideal processes constitute exergy losses determining physical exergy. 72 
Irreversible interactions and transport phenomena determine exergy destruction [2]. Being 73 
additive and non-negative, physical exergy is suitable to account for the balance of 74 
contributions, coming from each subsystem, to the total amount of the overall composite as 75 
proved by Gaggioli [3]. The assertion that “work is not better than heat” as equivalent and 76 
inter-convertible forms of interaction has been conceived by Gaggioli [3,4,5] so that “no 77 
distinction between heat and work” is necessary.  Hence, physical exergy can be withdrawn 78 
in the form of useful work or useful heat or any combination, no matter the process 79 
connecting the initial and final states of the system [3,4,5,6]. The intention is here to 80 
formulate thermal exergy, relating to useful work, and mechanical exergy, relating to useful 81 
heat, as additive and non-negative components. These contributions are combined in a 82 
formulation of the generalized physical exergy of a system interacting with a “generalized 83 
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reservoir” - constituted by independent isothermal and isobaric reservoirs - according to the 84 
following expression: 85 
 86 

M
REV

T
REV

PHYSICAL EXEXEX +=       (1) 87 

 88 

The aim is to demonstrate the procedure leading to the formulation of T
REVEX  and M

REVEX  89 

and to demonstrate that the generalized physical exergy PHYSICALEX  as an additive and 90 

non-negative state property as well. The configuration adopted is constituted by a system A 91 
and two independent reservoirs at constant temperature (isothermal) and constant pressure 92 
(isobaric) here referred to as “generalized reservoir” each defined according to the 93 
conditions and constraints specified by Gyftopoulos and Beretta [7].  94 
 95 
3. METHOD OF DUALISM AND SYMMETRY 96 
 97 
As far as method is concerned, a dual perspective, induced by the thermal and mechanical 98 
aspects and by the correlations existing between them, is assumed in order to discuss the 99 
two components of physical exergy directly correlated to temperature and pressure as well 100 
as to heat and work interactions between a system and a reservoir.  101 

The principle of symmetry, formulated in geometry to govern the correspondence of two or 102 
more elements with respect to a reference entity, is adopted to analyze the properties of 103 
exergy quantity and the thermodynamic cycles used for its definition taking temperature and 104 
pressure as “reference entities for symmetry”.  105 

The procedure demonstrated here does not intentionally address to the entropy property in 106 
order to base arguments on the concept of physical exergy defined solely by means of ideal 107 
cycles generalized for any real non-cyclic process. This approach relies on the rationale that 108 
entropy can be derived from energy and exergy which should be previously defined as 109 
reported in the literature [7].  110 
The assumptions adopted in the present Second Part remain unchanged with respect to 111 
those posited in the First Part of this study [1]. 112 
 113 
4. DUALISM IN PHYSICAL EXERGY 114 
 115 
The existence of useful heat and useful work, both resulting from available energy, 116 
constitutes the dualism that features the concept of physical exergy and its components 117 
[2,3,4,5]. Of these, the calculation of useful heat or useful work can be obtained by 118 
evaluating heat interaction only alongside an isovolumic reversible process and work 119 
interaction only alongside an adiabatic reversible process. These two processes are adopted 120 
to accomplish the whole process in sequence connecting any two states by separated 121 
contributions. More in general, indeed, any two different states in a bi-dimensional diagram 122 
related to any couple of thermodynamic properties can always be connected by two 123 
consecutive portions of any type of polytropic elaboration since they constitute a system of 124 
two equations with two variables as follows: 125 

aPV m =   and  bPV n =       (2) 126 

where m , n  are real numbers and a , b  are variable parameters.  127 

In particular, the evaluation of work interaction addresses the pressure level at which work 128 
itself is exchanged with respect to the pressure of the reservoir. Since the Joule cycle is 129 



*Corresponding author: E-mail: ppalazzo@technip.com; 
 

characterized by an expression of efficiency that depends on pressure only, and by virtue of 130 
its properties [1], it can be adopted to replicate the formal method used to evaluate heat 131 
interaction by means of the Carnot cycle that depends on temperature only. 132 

The efficiency of the Joule cycle becomes the evaluation factor of the available energy of a 133 
system A  interacting with a reservoir R  by means of the work transmitted alongside an 134 
adiabatic expansion or compression process. Figure 1 illustrates out an elementary portion 135 
of the expansion adiabatic reversible process curve producing an elementary work quantity 136 
released, at constant pressure, as an input of the Joule inverse cycle that converts, at 137 
constant pressure, this elementary quantity of work into an elementary quantity of useful 138 
heat. This mechanism is similar to the one used to evaluate the exergetic content associated 139 
to the amount of heat utilising the efficiency of the Carnot direct cycle that converts, at 140 
constant temperature, an elementary quantity of heat, along an isovolumic process, into an 141 
elementary quantity of useful work as also represented in Figure 1.  142 
 143 

 144 
Figure 1 – Isovolumic-Adiabatic process (1-X-0) con necting any two states 145 
 146 
The mathematical formulations of these two definitions, in infinitesimal terms, are reported 147 
below. 148 
 149 
Elementary useful work associated with thermal exergy: 150 
 151 

HT
ISOTHERMAL

DIRCARNOT
id

T
REV dQdWdEX ⋅== ⋅η  152 

HT
ISOTHERMAL

R dQ
T

T ⋅













−= 1       (3) 153 

 154 
expressing the elementary quantity of useful work that can be extracted from an elementary 155 
quantity of heat available at constant temperature; 156 
 157 
Elementary useful heat associated with mechanical exergy: 158 
 159 

HP
ISOBARIC

INVJOULE
id

M
REV dWdQdEX ⋅== ⋅η  160 
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 162 
expressing the elementary quantity of useful heat that can be extracted from an elementary 163 
quantity of work available at constant pressure. 164 
 165 
The reason for calculating physical exergy alongside a combined and sequential isovolumic-166 
adiabatic (or adiabatic-isovolumic) process is to isolate the heat interaction and the work 167 
interaction with respect to the thermal reservoir and mechanical reservoir. This dual process 168 
can always connect any two states constituting proof that physical exergy is a state property. 169 
Nevertheless, by way of further confirmation, this method has a close analogy with the one 170 
proposed by Kotas [8] in which the thermal and mechanical components of physical exergy 171 
are calculated between any pair of states correlated by an isothermal-isobaric (or isobaric-172 
isothermal) process. This implies that mathematical integration throught the whole process 173 
corresponds to the thermal and mechanical conversion processes that occur at high 174 
temperature (isothermal) and high pressure (isobaric) respectively. Therefore, useful work 175 
and useful heat, corresponding to specific work and specific heat, are represented by the 176 
area enclosed within the Carnot and Joule cycles respectively. The model of the ideal 177 
system and reversible processes is here adopted because it represents the theoretical limit 178 
corresponding to “maximum net” useful work and or useful heat expressed by physical 179 
exergy, and in particular by its thermal and mechanical components [1]. 180 
 181 
5. SYMMETRY IN PHYSICAL EXERGY 182 
 183 
The formulation of physical exergy, in infinitesimal terms, derives from the relationship built 184 
around the efficiency of the Carnot cycle. Such a formulation expresses the role played by 185 
temperature in determining the amount of converted thermal energy and heat, which for this 186 
reason may be more specifically defined as thermal exergy [1,8,9], 187 
 188 

dWdEX T
REV =  189 

HT
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RHT
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id dQ

T

T
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
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 192 

in which HT
ISOTHERMALdQ  represents the elementary heat exchanged along the isothermal 193 

process at the highest temperature T  of the Carnot cycle and HP
ISOBARICdQ  represents the 194 

elementary heat exchanged along the isobaric process at the highest pressure P . In 195 
particular, the efficiency of the Carnot direct cycle appearing in the above equations, can be 196 
written as follows, 197 
 198 

HT

LPHP

HT
DIRCARNOT

id Q

WW

Q

W −==⋅η     199 
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HT

LTHT

HP

LPHP

Q

QQ

W

WW −=−=       (6) 200 

 201 

while, for the inverse Carnot cycle, if the roles of used heat HTQ  and utilized total work W  202 

are replaced by used work HPW  and utilized total heat Q , the following expression applies 203 

(which does not correspond to the Coefficient of Performance reported in the literature 204 
[10,11]), 205 
 206 

HP

LTHT

HP
INVCARNOT

id W

QQ

W

Q −==⋅η   207 

DIRCARNOT
idHP

LPHP

HT

LTHT

W

WW

Q

QQ ⋅=−=−= η     (7) 208 

 209 
Due to the linear proportionality of the two expressions and the identity of two of the terms, 210 

the meaning of used heat HTQ  in the direct cycle thus corresponds to the meaning of used 211 

work HPW  in the inverse cycle; vice-versa, the meaning of utilized total work W  in the direct 212 

cycle corresponds to the meaning of utilized total heat Q  in the inverse cycle, thus 213 
constituting a symmetry in Carnot cycle thermo-mechanical conversion.  The applicability of 214 
this conclusion is also confirmed by the properties of the Carnot cycle that remain 215 
unchanged for real systems characterized by a state equation that differs from the one 216 
describing the ideal systems here assumed [12,13,14].  217 
Once  the exergy formulated by the direct cycle is defined as thermal exergy which highlights 218 
the role of temperature in heat-to-work conversion, the definition of the related mechanical 219 
exergy can be set as the exergy expressed by the inverse cycle.  In this case, the role of 220 
pressure replaces the role of temperature in the opposite conversion, that is, from work into 221 
heat. Moreover, input or output heat and work amounts are equal for isothermal or isobaric 222 
processes. 223 
 224 
On the other side, physical exergy also encompasses the contribution of mechanical exergy 225 
[1] which may be expressed, in infinitesimal terms, by the following relationship [1,8,9]: 226 
 227 
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 231 

in which HP
ISOTHERMALdW  represents the infinitesimal work exchanged along the isothermal 232 

process at the highest temperature T  of the Carnot cycle and HP
ISOBARICdW  represents the 233 

infinitesimal work exchanged through the isobaric process at the highest pressure P . 234 
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Equations (8a) and (8b) show the elementary work exchanged at high pressure along the 235 
higher temperature isothermal curve of the cycle and in which the role of pressure related to 236 
work is homologous to and symmetrical with the role of temperature related to heat. 237 
Consequently, mechanical exergy would in turn express a relationship between work and 238 
pressure that is symmetrical to the relationship between heat and temperature expressed by 239 
thermal exergy. 240 
 241 
On the basis of the relationship between the Carnot and Joule cycles, the same 242 
observations made for the efficiency of the direct and inverse Carnot cycle apply to the Joule 243 
cycle. However, unlike what occurs with the isothermal curves, such quantities exchanged 244 
along the isobaric curves are not equal but differ by one constant,  245 
 246 

( )11 TTCQ Jp
HT −⋅= ;   ( )J

HP TTRW 11 −⋅=     (9) 247 
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HTHP QW ε−=   =>  HPHT WQ
ε
1−=      (11) 250 

 251 
From a formal standpoint the result is the same as the one obtained for the Carnot cycle. In 252 
fact, for the Joule direct cycle, 253 
 254 

HT

LTHT

HT
DIRJOULE

id Q

QQ

Q

W −
==⋅η   255 

HP

LPHP

HT

LPHP

W

WW

Q

WW −
=−−=

ε
1

     (12) 256 

 257 
In which the contribution of heat and work is due exclusively to the isobaric processes along 258 
which heat and work is converted and exchanged simultaneously in directly proportional 259 
amounts.  260 
 261 
Thus the following applies to the Joule inverse cycle: 262 
 263 
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 266 
Hence, the ratio between direct cycle and inverse cycle efficiencies is in turn constant, 267 
 268 

const
INVJOULE

id

DIRJOULE
id ==⋅

⋅

ε
η
η

      (14) 269 

 270 
The fact that there is a constant relationship between the efficiency of the direct and inverse 271 
Joule cycles means that, for both cycles, efficiency is characterized by identical expressions 272 
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except for a constant factor, establishing a linear proportionality. This makes it possible to 273 
replicate, for the Joule cycle, the same symmetry between thermal exergy and mechanical 274 
exergy demonstrated for the Carnot cycle. 275 
 276 
6. THERMAL AND MECHANICAL CONTRIBUTIONS TO PHYSICAL  EXERGY 277 
 278 
As previously assumed, a thermodynamic process connecting any two states can always be 279 
composed by means of any two independent processes consisting of, but not limited to, the 280 
isovolumic and adiabatic sequence (or, in the opposite sequential order, adiabatic and 281 
isovolumic). These two processes are respectively characterized by an exchange, with the 282 
reservoir, of heat interaction only and work interaction only and can therefore be assumed as 283 
components of physical exergy [1]. Hence, resulting (total) physical exergy can be derived 284 
from the sum of the contributions due to the thermal exergy calculated for the isovolumic 285 
process and the mechanical exergy calculated for the adiabatic process expressing the net 286 
useful heat and net useful work respectively. To summarize the arguments of the previous 287 
sections: 288 
(i) dualism: useful work is the thermal exergy calculated  for an isovolumic process; 289 

useful heat is the mechanical exergy calculated for an adiabatic process; 290 
(ii) symmetry: thermal exergy is useful work related to temperature; mechanical exergy 291 

is useful heat related to pressure.  292 
The distinction between direct and inverse cycle is no longer necessary due to the 293 
proportionality of respective efficiency. This ensures that the physical exergy equation is 294 
generally valid for any total process and heat and or work interaction directions with respect 295 
to the reservoir, from the initial state to the final state of the whole process. 296 
 297 
In finite terms, the formal expression of the thermal exergy related to the isovolumic process 298 
depending on temperature represented in Figure 1 is derived by integrating Equation (5a) or 299 
(8a):  300 
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 303 
This equation expresses maximum net useful work converted from heat interaction at a 304 
given temperature along an isovolumic process. 305 
 306 
In finite terms, the formal expression of the mechanical exergy related to the adiabatic 307 
process depending on pressure is deduced by integrating Equations (5b) or (8b): 308 
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 311 
This equation expresses the maximum net useful heat converted from work interaction at a 312 
given pressure along an adiabatic process.  313 
 314 
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Upon combining useful work and useful heat for any process, physical exergy is defined as 315 
sum of its two components and is formulated by the relation:  316 
 317 

M
REV

T
REV

PHYSICAL EXEXEX += RESERVOIRSYSTEM UU ∆+∆=   (17) 318 

 319 
This expression can be further developed by using formulations (15) and (16) set forth by 320 
calculating the thermal exergy of the isovolumic process and the mechanical exergy of the 321 
adiabatic process. 322 
 323 
The thermal exergy of the isovolumic process: 324 
 325 
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 327 

since dTCdQ V
HT
ISOTHERMAL =  in the last expression : 328 
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 331 
thermal exergy is therefore expressed as: 332 
 333 
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 336 

where ( )01 lnln VVTRQ RR −−=  represents the amount of heat interaction - over the entire 337 

process (isovolumic-adiabatic or adiabatic-isovolumic) - delimited between initial state 1 and 338 
final state 0, which does not undergo conversion into useful work because it is directly 339 
released to the thermal reservoir with a corresponding reversible energy transfer 340 

RESERVOIR
QU∆ . 341 

 342 
The mechanical exergy of the adiabatic process: 343 
 344 
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 applies to the adiabatic process: 347 
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 349 

since PdVdW HP
ISOBARIC −=  in the last expression : 350 

 351 
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 354 
mechanical exergy is therefore expressed as: 355 
 356 
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M
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 359 
where ( )01 VVPW RR −=  represents the amount of heat interaction - over the entire process 360 

(isovolumic-adiabatic or adiabatic-isovolumic) - delimited between the initial state 1 and the 361 
final state 0, which does not undergo conversion into useful heat because it is directly 362 
released  to the mechanical reservoir with a corresponding reversible energy transfer 363 

RESERVOIR
WU∆ . 364 

 365 

Finally, the sum of the two contributions - T
REVEX , Equation (19) and - M

REVEX , Equation 366 

(21) constitutes the formulation of physical exergy. Since the state equation RRR TRVP =  is 367 

applicable and since 1VVX = and if the work exchanged with the mechanical reservoir at 368 

pressure RP  is also considered, the formulation is: 369 
 370 
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 373 

( )01 UUEXEXEX M
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T
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PHYSICAL −=+=  374 

( )01 lnln TTTC RV −− ( )01 lnln VVVP RR −+  375 

( )01 lnln VVTR R −− ( )01 VVPR −+      (23) 376 

 377 
This generalized formulation is “hybrid” in the sense that it conforms to the canonical if the 378 

term RRVP  is equal to the term  RTR , that is, if a unique, or a dual, external system 379 

behaves as a thermal reservoir and mechanical reservoir where RRR TRVP = .  380 

With respect to canonical exergy formulation, the term ( )01 lnln VVVP RR −  represents the 381 

additional addendum taking into account exergy in the form of useful heat. This generalized 382 
formulation expresses the physical exergy resulting from the dualism related to the 383 
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equivalence of  useful heat or useful work. The additional addendum makes maximum net 384 
useful heat equal to maximum net useful work, as postulated according to the concept of 385 
equivalence. In effect, useful work, calculated between two arbitrary states along any 386 
adiabatic reversible process, is not equal to the useful heat alongside any other process 387 
connecting the same initial and final states (with an invariable difference of internal energy) 388 
[1]. Nevertheless, this equality is restored if the useful heat is converted into useful work 389 
which is therefore identical to the one initially calculated alongside the adiabatic process. 390 
This rationale is valid provided the inversion of useful work with useful heat is in accordance 391 
with the concepts of equivalence and inter-convertibility. Thus, this final equation, including 392 
the additional term, is the result of the dualism characterized by the equivalence and the 393 
symmetry related to the inter-convertibility of the mechanical exergy into thermal exergy and 394 
the thermal exergy into mechanical exergy. In other words, the former is the mechanical 395 
exergy of thermal exergy and the latter is the thermal exergy of mechanical exergy or, in 396 
more synthetic terms, the exergy of exergy. 397 
 398 
It is worth noting that if the isovolumic-adiabatic (or adiabatic-isovolumic) process, 399 
connecting two generic states of the system, is replaced by an isobaric-isothermal (or 400 
isothermal-isobaric) process between the same two states in Figure 2, then the resulting 401 
expression of physical exergy is identical for the two different dual processes. The proof is 402 
given below considering that, in the isobaric and isothermal processes, in which the thermo-403 
mechanical conversion occurs, heat and work interactions are simultaneous (and not 404 
sequential), hence physical exergy must be evaluated as the result of both thermal exergy 405 
and mechanical exergy combined together through the same process. 406 
 407 

 408 
Figure 2 – Isobaric-Isothermal process (1-X-0) conn ecting any two states 409 
 410 
With reference to the isobaric process and the associated Joule cycle, considering that: 411 
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calculated by the equation (5b), becomes: 413 
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( )TXUU −= 1 ( ) ( )XRVXR TTTCVVTR lnlnlnln 11 −−−−   (24) 416 

 417 
and the mechanical exergy calculated by Equation (8b), considering that 418 
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 422 
With reference to the isothermal process and the associated Carnot cycle, considering that  423 

( )0lnln VVTRdQ X
HT
ISOTHERMAL −=  and  ( )0lnln VVVPdW X

HP
ISOTHERMAL −−=  the 424 

thermal exergy calculated by the Equation (5a) becomes: 425 
 426 

( ) ( )00 lnlnlnln VVTRVVTREX XRX
T
ISOTHERMAL −−−=    (26) 427 

 428 
and the mechanical exergy calculated by the Equation (8a), also considering that 429 

( ) dVPPdW R
HP

ISOTHERMAL ⋅−−= , becomes: 430 

 431 

( )0lnln VVTREX X
M
ISOTHERMAL −−=  432 

( ) ( )00lnln VVPVVVP XRXRR −+−+      (27) 433 

 434 
The sum of the addenda expressed by Equations (24), (25), (26), (27) is identical to 435 
Equation (23): this result confirms that the generalized physical exergy does not depend on 436 
any particular process and is therefore a state property that can indeed be considered as a 437 
formulation valid for any process connecting two different thermodynamic states. 438 
Furthermore, the definitions of the two components of exergy are valid for cyclical and non-439 
cyclical processes between any two thermodynamic states, so that the generalized physical 440 
exergy, resulting from the algebraic sum of two additive state properties, is additive as well. 441 
The expression of the generalized physical exergy set forth can also be represented in terms 442 
of useful work and useful heat in compliance with the initial definition: 443 
 444 

NET
REV

NET
REV

M
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T
REV

PHYSICAL QWEXEXEX +=+=  445 
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 447 

where “CONVER” identifies the useful work CONVER
REVW  or heat CONVER

REVQ  resulting from 448 

reversible “REV” conversion of heat or work respectively; “TRANSF” identifies the nonuseful 449 
work or heat directly transferred to the reservoir, hence:  450 
NET = CONVER + TRANSF = USEFUL + NONUSEFUL = NET USEFUL  451 

work NET
REVW  or heat NET

REVQ  according to the canonical definition here reported as outset of 452 

Section 2. 453 
 454 
The procedure adopted in the present analysis is based on thermo-mechanical conversion 455 
cycles and leads to a definition of the components contributing to the physical exergy 456 
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expressed by Equation (27). Nevertheless, it should be noted that this equation corresponds 457 
to, and is consistent with, the formulation of physical exergy derived using a different 458 
procedure based on entropy property [15]. 459 
 460 
7. CONCLUSIONS 461 
 462 
To summarize the results of the whole study, a formulation of generalized physical exergy in 463 
relation to pressure, together with temperature, is proposed and takes into account the 464 
combination of work interaction and heat interaction between a system and a generalized 465 
reservoir [1]. This conclusion is derived from the concept of equivalence and inter-466 
convertibility of useful work and useful heat conceived by Gaggioli and is obtained by 467 
expressing the specific work of the Joule cycle which converts work into heat in isobaric 468 
processes, and the Carnot cycle which converts heat into work in isothermal processes.  469 
 470 
The assumption that the system is ideal (perfect gas) and that the processes are reversible 471 
has been posited in order to demonstrate that the results of this analysis can be deduced to 472 
formulate the theoretical maximum amount of physical exergy. Such conclusions may 473 
however be considered as general and remain valid even for real systems characterized by 474 
a more general form of state equation for which the validity of Carnot’s theorem is proven 475 
[12,13,14]. This expression remains valid for the criterion of exergo-environmental or exergo-476 
economic analysis based on the concepts of “avoidable/unavoidable” and 477 
“endogenous/exogenous” exergy destruction [16,17], unaffected by this generalized 478 
definition of physical exergy which, on the other side, deals with exergy losses with respect 479 
to the control volume comprising the composite of system and reservoir. The results of the 480 
present research are applicable, by way of example, to the evaluation of the different impact 481 
in plant design if two shafts deliver the same output power – higher torque and lower speed 482 
or lower torque and higher speed – which cannot be considered as equivalent from the 483 
exergy method perspective and therefore require specific analysis to assess an optimized 484 
architecture of the system producing the input power. Another example is the exergy method 485 
applied to the design of Compressed Air Energy Storage (CAES) systems for Liquefied 486 
Natural Gas (LNG) liquefaction and regasification plants [18]. 487 
 488 
A possible future research development may be the application to open steady-state flow 489 
systems. In a wider approach, Gibbs’ equations, considered as the historical basis of the 490 
revisit and extension elaborated by Gaggioli [4,5], encompass the chemical potential and 491 
maximum work obtainable from an (open) chemical system, as also described by Kotas [7]. 492 
From another standpoint, Gyftopoulos and Beretta debate the equality of chemical potential 493 
(total potential) as an additional necessary condition for mutual stable equilibrium between 494 
system and reservoir, together with the equality of temperature. The conclusion is that the 495 
perspective envisaged by these Authors, considering the importance of chemical processes 496 
in industrial production and the environmental context, may suggest a topic for a more far-497 
reaching investigation of chemical exergy and its components, as well as the related 498 
implications for the whole framework of the generalized exergy concept [19]. 499 
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