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Thermocconomics is an efTective method of making technical sys tems cflicicnt. 
The me'hod finds the most economical solution wi'hin the limits of the 

tcchnically possible. At the same time if can show how research should be directed. 
A simple heat pump process was chose n as an example to iIluslrate the method. 

The resuU shows 3mong other things that thc drive source should be made 
morc eflicient, thus saving bUlh muney and exergy. 

Thermocconomics 
For scvcral years Myran Tribus and 
Yeh ia M EI-Sayed al the Ce nter for 
Advanced Engi neering Study. M.I.T .. 
have been dcvc loping il method thcy 
call "Thcrmocconomics". which opti· 
mizes the COSI under prevailing ther· 
modynamic conditions. The mcthod 
has been applicd with great success to 
industria l processes in the process 
industry. The purpose of thermoeco· 
no rnics is lO im prove analyscs of sys· 
tems by int rodueing ways of concm· 
renll y suggest ing improvemen ts to the 
analysed system. O ne way Myron Tri· 
bus juslifies the melhod is as follows: 

"II is mlleh more iml,orumllo beob/e 
10 survt!y Ihe set of possible systems 
{If'proximotely tlum 10 eXlImi"e Ihe 

II'rollg sySIeI/l ex{/!"t!y. If is beller 10 be 
lIPI"OXI:~lIate/y riglll thnll precise/y 
II'rOIl8· 

The starti ng point is 10 consider a 
system surrou nded by bath a physical 
and an eC()Ilomic enviro nment; sce Fig 
I . The physica l cnvironme nt is de· 
scri bed in terms of pressure. tempera· 
tu re and the chemica l pote ntials of the 
substanccs involved . The eeonom ie 
environmcnt is deseribed in terms of 
the prices of the goods in queslion and 
the interest on loa ns. 

The Iwo environ ments are infereon· 
neeted via COSI rela tionships dcscribing 
how the costs depend o n ph ysica l qua n· 
lilies. 

The medlod cun be deseri bcd brie ny 
as fo llows: 

I . Draw up a eoncise description of the 
process sludied. 

2. Define the system. the system 
li mils. various syslem zoncs, compo· 
nent s e tc (detai led now cha rt or ske tch 
oflhe process). 

3. Define the physical e nviron ment or 
alte rnuti vcly the loeal physiea l envi· 
ronmen t. 

4. Sta te Ihe sourees of Ihcrmody· 
namic duta. 

5. Draw up a thermodynamic ca1cu la· 
lion algorithm with c1early identifiablc 
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inflows and outflows. Thc algorithm is 
based. among other things, on material 
and energy ba lanees for the system. II 
must constitule a complete (heTmody
namie dcscription of the system (under 
the give n conditions) . 

6. Indieate cost functions for the rele
vant zonesor components and stale the 
(arge! function of the system (optimi
zation conditions) . 

7. Ca lculate the exergy flows in the 
process and state Ihe e nlropy sourccs. j 
e where exc rgy is lost in the system. 
Then re lale Ihese Iosses to the inflow 
and outflow of exergy. 

8. Ca lcul ate the value flows (based on 
internai prices) in the process. 

9. State any proposa ls. bascd on ilems 
7 and 8. for improve menls 10 the sys· 
te rn con fi guration . and adjust the 
affectcd rellllionships (item 5). 
lO . Carry out an opt imization of the 
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The initial stages of Ihi s work ing meth 
od are obviously sc lf-explanatory lind 
ge ne rally accepted . The most impor
tant improvement is thc introduction 
of the e nvironment and il S effccts o n 
the process. T he co ncepl of exe rgy 
which can then be applicd makes it pos
sible. among Olh er things. to calcula te 
Ihe Icchnical Iosses in Ihe system. 
item 7. • 

,.. 
,.. Expansion 

valve ~ Compressor 1= Electrlc 
motor 

An engi neer designing a system is 
cxpected to a im for the highest possible 
technica l efficicncy al minimum cost 
under Ihe preva iling tcchnical. eco
nomic and legal conditio ns (sometimes 
11150 with rcgard to e thical. ecological 
and socia l conseque nces) . Scope for 
the following should be taken inta 
lIccount whcn doing this work: 

w~:rl"'-

mixtlJre 

Evaporator 

Cokt side: heat absorbed fI),wote, 
In 

• Different operat ing modes (diffe- Frgufel. Tlrdrf'(I/prl/Jrpsyslmr~lIlllrl'd. wulrusm/upollems. 
rent pressures. flow rates e tc) 

• Diffe rent configura tions (addition 
or remova l o f componenls. rear· 
rangement s e tc) 

• Diffe rent purposes (by-products. 
sak of waste heat e tc) 

• Diffe rent e nvironments (change of 
environmental conditio ns. energy 
price. e nvironmental req uiremcnts 
e tc) 

Thermoeconomics is a met hod of anal· 
ysis that mak es this work a great deal 
easier . 

The heat pump 
Using a heat pump to produce heat is 
tcchnically far superioT to the tradi· 
tional methods invoh':ng combu5tion 
or electrical short circuils, and heat 
pump systems have therefore becomc 
incrcasingJy commo n for heating appli
calions as the COSI of cncrgy has risen. 
The system studied is shown in Fig 2. 
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II is made up of a compressor, candens 
er. expansion val ve. evaporator and an 
e leelne motor as the d rive 5Ource. Thc 
refrige ran! is R 12 and the hcallransfc r 
medium to the environmen t in thc con
denser and evaporator is wmer. The 
ambienl tempera ture and pressure .lre 
assumed to be O °C and l atmosr,hcre 
respecti vc l)'. Si nce lhere are noe lemi · 
eal reactions in the process. o the r 
information about the surroundings is 
irrelevant. 

The chosen frec decision va riables to 
be determined at optimalil)' are the 
efficicndes of the compressor . the con
denser, the evaporator and the elcClrie 
mOlo r. The system iscomple lcly de ter
mined cxccpt as rar as these frcc deci
sia n variables ure concerncd. Each 
value of these locks thc system 10 11 
given operating slate in accard:mce 
with I he state equatians for the systcm . 
The exe rgy nows and exergy Iosses in 
each component are a lsa calculated. 

The a im is to mi nimize the tola l cost 
o f the system fo r a given heat produc· 
tia n. This COSI is made up partly of a 
running cost (e leclrici ty) and part ly o f 
costs for investme nt for each compo· 
nent . T he running COSI increascs if the 
invest me nls decrease and vice versa. 
The reve nues for Ihe supplied proclu ct 
(heat) and given profila bilit y condi· 
lions se t a limit 10 the cost of th e system 
and thus delerm ine which systems a re 
profitable . The problem is then to find 
among the profi table systems the 
apportionment on the one hand be· 
tween running costs and investmen ts 
and on the o ther hand between the 
va rious components of the system. tha t 
gives the lowest cost. 

Figure 3 shows the assu med invest· 
ments as a function of the efficiencies. 
The in vestments are wrillen off o n the 
annu ity principle. which gives an annu· 
a l east for each componen!. The total 
east per year is therefore the sum of 
these and the cost of e lectricit y con· 
sumed annua lly. 

In this example the values of the 
dimensioning parameters have been 
assumed to be: hea t output produced 
6500 W (e nergy). running time of 
S 000 hou rs per yea r. clectricily cost 
SEK O.2S/kWh . tempe ra ture of pro· 
duced hea t o f 60°C and temperature of 
hea t source 10 0c. 

Let us now assume an arbitra rily 
operat ing system wit h all four efficien· 
cies a t 70 per cen t . The calcula ted tota l 
cost willthen be SE K 4 22 1/year. SEK 
3 617/year of which is for e lect ricity. 
Optimiza tion now gives the fo llowing 
efficicncies instead : compressar 0.80. 
condenser 0.83. evaporator 0.73 and 
e lectric mo tor 0.91. The IOt al east will 
now be SEK 3 388/year instead. SEK 
2 416/yearofwhich is for e lectricity. So 
by increllsin g the investment cost from 
SE K 604/yea r to SEK 972/year we 
make a total saving of SEK 833/yea r 
compared with Ihe assumed system: 
see Fig 4. At the same time the exergy 
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Iosses are approximately halved from 
1 933 W to 979 W. i eby9S4 W. FigS 
also shows that it is improvements in 
the electric motor that accoun t for the 
largest single exergy saving. so that the 
optimization saves us bot h money and 
exergy. 

In th e optimum system . the expansion 
va lvc aecoun ts for the largest single 
exergy loss. and this justifies research 
and developme nt to improve it. 

So the results ind icate among other 
things that the elcetric motor should be 
made fa r ma rc efficient . . h has been 
assumed that the e lectric motor would 
eost three times as much if its effi ciency 
cou ld be raised from 70 to 91 pc r cen t 
(Fig 3). a pe rfeclly rea listic target. (h 
eould cven east nine times as much and 
still be profit ab le co mpared with th e 
assull1ed system.) 

Figu re 6 shows the costs o f an opti
mum system as a function of the electri 
ci ly price when this varies bc lween 
SEK O. IS and O.61kWh . The 10lal COSI 
incre<lses from SEK 2 073/year at SEK 
0.15/kWh lO SEK 5 522/yca r at SEK 
O.61kWh. By way o f eompa rison. if Ihc 
o ptim um system at SEK O. IS/kWh 
wc rc used at SEK O.6/kWh. the total 
cost would be SEK S 947. i e more 
ex pe nsive by SEK 42S/year. (Fo r the 
assumed system the total cost wou ld be 
9 284. i e marc expe nsive by SEK 
3762/year. 
The choice o f the opt imum system is 
also innuenced by the variation of the 
condenser temperature, i e the tempe
ratu re o f the heat produeed (Figures 8 
and 9) . The total cost is doubled from 
2 336 at 40 °C to 4 680 at 75 0c. The 
energy out put produced is the same . i e 
6500 W, but th e exergy output chang
es from 434 to 713 W. which provides a 
bette r explanation of the inerease in 
cost. When the tempera ture increases 
from 40 lo 75 °C. the efficiency require
men ts fo r the system as a whole bcco
mes stricter. but not necessarily for 
each indi vid ual component. This is 
clearly shown by Figure 9. In the con
text of a tota l increase in componc nt 
costs. thcrefore. it is more economical 
to choose an increasingly eheaper eva
pora tor. The reason is simply Ih at :m 
investment gives a bette r return in 
other parts o f Ihe system. The method 
does show where an in vestmc nt is most 
wort hwhile . 
All other rel ationships can be illustrat
ed in thc same way. Other rcfrigerants 
or COSI relations can be assumed . The 
purpose of this study has been to ill us
trate the lermoeconomics method by 
applying it to a heat pump process. The 
exact result s are therefore secondary to 
the prese ntation and discussion o f the 
suitabililY of the met hod. This method 
for improving technical systems can 
never replace long practical experience 
or high technical expertise. but it can 
be a useful complemenl to them. 

The re is a complete report in English 
with a campute r program in Pascal. 
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