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In tech ni cal re spect, co-gen er a tion is well stud ied tech nol ogy but it is some times
not used in an op ti mum way in prac tice. Fac tors af fect ing op er at ing eco nom ics of
this tech nol ogy in prac tice are very sim i lar to other in dus trial tech nol o gies al -
though the de gree of their in flu ence may vary. When co-gen er a tion is con cerned,
the de ci sive im por tance lies on the par ity be tween prices of elec tric ity and driv ing
fuel and re li abil ity of con cur rent uti li za tion of gen er ated heat and power. In this pa -
per, a re al is tic case of real in dus trial co-gen er a tion plant op er a tions is an a lyzed in
de tails and it is pointed out to the ne ces sity of op ti miz ing op er a tions of the plant as a 
whole.
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In tro duc tion

Al though nu mer ous pa pers have dealt with co-gen er a tion tech nol o gies, there are not
many de voted to their prac ti cal ap pli ca tions. This pa per an a lyzes in de tail op er a tions of a gas
tur bine which is an in te gral part of gyp sum boards dry ing tech nol ogy. How ever, the man ner of
us ing gas tur bine in the dry ing pro cess is rather dif fer ent and may vary from 100% up to 0% of
its uti li za tion. This pos si bil ity, as well as the dis tinc tive im pact of fre quently chang ing prices of
en ergy car ri ers on the op er at ing eco nom ics of the plant re quires op ti mi za tion of the plant’s op er -
at ing re gime.

All ad van tages and dis ad van tages of co-gen er a tion tech nol o gies are elab o rated in de -
tails in [1-9] and with out any doubts, it can be said that due to their higher en ergy ef fi ciency
these tech nol o gies def i nitely have fu ture [10-13]. How ever, it is ob vi ous that co-gen er a tion
gives two “prod ucts” whose rel e vance is mu tu ally de pend ent. This de pend ence re quires spe cial
anal y sis in prac tice since de mand of heat and power may vary con sid er ably [14, 15].

Par al lel with the de vel op ment of co-gen er a tion tech nol o gies, it was nec es sary to de -
velop ac com pa ny ing reg u la tions. The es sence of reg u la tions is con tained in [6, 16]. Since the re -
la tion be tween the price of elec tric ity and driv ing fuel has a de ci sive im pact on the eco nom ics of
co-gen er a tion in prac tice, all the coun tries have cre ated mech a nisms achiev ing stim u lat ing con -
di tions to em ploy co-gen er a tion tech nol o gies ir re spec tive of the par ity price. 
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Facts on an a lyzed co-gen er a tion plant

This real life ex am ple re fers to the fac tory for the pro duc tion of gyp sum boards
(35,664,000 m2 per year). The fac tory em ploys around 200 work ers and it op er ates 7488 hours
per year. The over all an nual ex penses of the company for en ergy are 2.45 mil lion US$.

The de tailed en ergy au dit (DEA) it self will not be dis cussed here; how ever, some of
the data will be used for an a lyz ing one of rec og nized en ergy con ser va tion op por tu ni ties. This is
the case of a dry ing kiln which is used for dry ing gyp sum boards. This is the larg est sin gle en -
ergy cost cen ter (ECC) in the fac tory. Spe cif i cally, the DEA de fined the sys tem’s bound aries for 
sev eral ECC which have been sep a rately an a lyzed and which have been sub mit ted to sur vey ing
and con trol ling of en ergy per for mances.

Fig ure 1 pres ents gas con sump tion (with out con sump tion for run ning the gas tur bine)
and over all con sump tion of elec tri cal en ergy de pend ing on the monthly pro duc tion in the fac -
tory. The gas tur bine is an in te gral part of the dry ing kiln and it is used for im prov ing en ergy ef fi -
ciency of the dry ing pro cess. Namely, the dry ing kiln is driven by nat u ral gas (NG). This nat u ral
gas is partly used for driv ing the tur bine and partly for the pro duc tion of heat en ergy di rectly.
Ex haust gases from the tur bine are di rectly mixed with gas ses from in de pend ent com bus tion
cham bers. Gases pre pared in this way are in tro duced into the dry ing kiln. The max i mum tur bine
out put power at the gen er a tor ter mi nal is 7,000 kWe (–40 °C am bi ent tem per a ture, see level).
How ever, ever since the fac tory com menced with work, the gas tur bine has been op er at ing with
con sid er ably lower power than pos si ble un der given cir cum stances. Nor mal op er at ing pro ce -
dure of this co-gen er a tion plant has been to cover fac tory elec tri cal en ergy con sump tion with
about 90-95%.

Let us now go back to the fig. 1. 
It can eas ily be no ticed that one
point, which in di cates nat u ral gas
con sump tion in the pro cess, con -
sid er ably de vi ates from other
eleven points. In that month and
each De cem ber in a year, the gen -
eral over haul of the tur bine is car -
ried out. It is ob vi ous that in that
pe riod a con sid er able in crease of
gas con sump tion oc curs in the dry -
ing kiln, and that there is no sub -
stan tial in crease of elec tric ity con -
sump tion. Dur ing the tur bine’s
over haul, re quired elec tric ity is
com pletely taken over from the lo -
cal elec tric grid and the pro cess in
the dry ing kiln is car ried out un dis -

turbed with the uti li za tion of two ex ist ing com bus tion cham bers. This and some other facts have
def i nitely in di cated the need to op ti mize op er at ing pro ce dure with an aim to re duce elec tric ity
costs and per form de tailed check of the cur rent man ner of uti li za tion of the co-gen er a tion plant,
as well to ex am ine pos si bil i ties and fi nan cial con di tions for per ma nent and ex ten sive pro duc tion 
of elec tric ity for the lo cal dis tri bu tion com pany. Dur ing the DEA and re lated to this ECC, the
above stated has been the pri mary plan and this is what this pa per is con cerned with.
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Figure 1. Natural gas and electrical energy consumption vs.
production



12 months op er a tion data

Here are some ba sic data re lated to the an a lyzed ECC.

– Total factory energy cost per year (TEC): 2,445,738 US$/a
– Number of operating hours (NOH): 7,448 h/a
– Analyzing period: April 1-March 31 next year
– Total 12 months electricity consumption (EC): 12,292,700 kWh/a

(Generated by co-generation plant (ECC): 10,378,700 kWh/a
(Purchased from local grid (ECG): 1,914,000 kWh/a
(Purchased from local grid during shut-down of gas
 turbine) 949,520 kWh/a

– Average purchased electricity cost: 0.0825 US$/kWh
– Average unit price of electricity produced by

 co-generation plant (only cost of NG is calculated) 0.0781 US$/kWh
– Average price of electricity paid by local electricity

authority to the company 0.0363 US$/kWh
– Total annual NG consumption (NGC): 161,114,988 kWh/a
– Annual NG consumption for co-generation only (NGCG): 57,080,000 kWh/a
– Average unit NG cost (NGP): 0.0142 US$/kWh
– Annual average ambient temperature (Ta): 30 °C

Kiln de scrip tion

The sim pli fied scheme of the dry ing kiln is pre sented in fig. 2. Only en ergy as pects of
dry ing pro cess will be an a lyzed. There are two con sum ers of NG: (1) gas tur bine and (2) two ad -
di tional com bus tion cham bers for hot gas gen er a tion and di rect sup ply ing of the kiln. The
proper tem per a tures of dry ing flu ids are con trolled by mix ing the flue gases from the tur bine ex -
haust, flue gases from com bus tion cham bers and fresh air. 

In the scheme, the cir cles des ig nate mea sur ing points which have been used for mea -
sur ing pa ram e ters of the whole plant within DEA. The ma jor ity of these mea sur ing points have
also been used in the reg u lar mon i tor ing and con trol of the pro cess. Mea sure ments have been
mostly ex e cuted with the ex ist ing (built in) mea sur ing equip ment.

The main de signed data for the rel e vant gas tur bine are:
Power

(ISO: 15 °C, sea level, no inlet or exhaust losses; 
relative humidity 60%; NCV = 31.5 to 43.3 MJ/nm3) 5,200 kWe

– Fuel rate 17,200 kWNG

– Exhaust flow 78,800 kg/h
– Temperature (turbine inlet) 1,010 °C
– Temperature (turbine outlet) 485 °C
– Electrical efficiency 30.2%
– Compressor discharge pressure 10.8 barg
– Heat-to-power ratio (exhaust temperature 156.3 °C) 1.45
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Figure 3 shows the de pend ence be tween out put power at gen er a tor ter mi nal and ex -
haust tem per a ture and fuel flow rate of nat u ral gas for the av er age an nual am bi ent tem per a ture
of 30 °C. This di a gram and other tech ni cal data of the given tur bine have been used for fur ther
cal cu la tions.

Gvozdenac, D., et al.: Industrial Gas Turbine Operation Procedure Improvement

20 THERMAL  SCIENCE: Year 2011, Vol. 15,  No. 1, pp. 17-28

Figure 2. Drying kiln and waste heat recovery unit (circles denote measuring points; measurements are
given in tab. 1)

Figure 3. Output power and exhaust temperature vs. fuel flow rate



Ob jec tives of anal y sis

Pre lim i nary anal y sis of gath ered in for ma tion, pro cessed data re fer ring to the whole
fac tory (over all pro duc tion, spe cific consumptions, etc.) and pre lim i nary data for the de fined
ECC – dry ing kiln have en abled iden ti fy ing ob jec tives and the de vel op ment of a work ing plan
within the DEA.

The re la tion be tween the cost of elec tric ity and gas is as much as 5.81 (0.0825/0.0142). 
Such a re la tion has ex isted for sev eral pre vi ous years. This is ex tremely fa vor able for the max i -
mum pro duc tion of elec tri cal en ergy. How ever, in ne go ti a tions with the lo cal elec tric ity dis tri -
bu tion com pany (EDC), a very low price for buy ing up pro duced elec tri cal en ergy has been of -
fered. This price has been only 0.0363 US$/kWh. How ever, an ad van tage con cerns the fact that
the de liv ery of ex cess elec tri cal en ergy to the lo cal grid has not been con di tioned by de liv ery pe -
ri ods (peak on, par tial peak or peak off). The me dium price which the factory pays to the lo cal
EDC was in the an a lyzed pe riod equal to 0.0825 US$/kWh (this unit price is cal cu lated ac cord -
ing to monthly in voices and con sumed ac tive en ergy). Also, the price of pro duced elec tri cal en -
ergy in the co-gen er a tion plant is cal cu lated and amounted to 0.0781 US$/kWh (the cal cu la tion
is per formed only on the ba sis of gas con sumed for its pro duc tion). The re view of daily and
monthly log sheets of the plant’s op er a tions en abled con clu sion that the av er age power of the
tur bine is chiefly around 1,500 kW.

As shown in fig. 3, the ex ist ing tur bine can achieve a much higher power at work ing
tem per a ture of in take air of around 30 °C.

The above men tioned facts have in duced us to pro pose to the fac tory’s man age ment to
give up pre vi ous op er a tion pro ce dure of meet ing only own con sump tion needs and to take up an
op er a tion pro ce dure which im plies max i mum pro duc tion of elec tri cal en ergy and sale of sur plus 
elec tric ity to the lo cal EDC. Con sid er ing the con sump tion of the heat en ergy in the dry ing kiln,
there have been no doubts that all avail able waste heat from the tur bine will be ab sorbed in it.

The in spec tion of fans, ex haust gases ducts, dump ers and con trol ling equip ment has
in di cated that such a change of the op er a tion pro ce dure can be im ple mented with out any need
for mod i fi ca tions.

We will deal now with mea sure ment re sults and tech ni cal es ti ma tions which have
been used to as sess ex pected ef fects of the sug gested en ergy con ser va tion mea sure.

Mea sure ment, tech ni cal cal cu la tion, and anal y sis

Re sults of mea sure ment are pre sented in tab. 1. Some mea sured val ues have been re -
cal cu lated in pre vi ously used units. On the ba sis of mea sured val ues, it is pos si ble to cal cu late
the de gree of the tur bine’s ef fi ciency. It is equal to 26.0% (2112/8118). The tur bine’s ex haust
gas ses tem per a ture was 348.3 °C dur ing mea sure ments. By com par ing other mea sured val ues
with those es tab lished for the tech no log i cal pro ce dure for mak ing of gyp sum boards, we have
con cluded that they are all within al lowed ranges.

The co-gen er a tion plant worked within all an a lyzed pe riod (ex cept dur ing an nual main -
te nance pe riod of the gas tur bine in De cem ber (it lasted 21 days or NOHSD = 504 hours). Av er age
an nual gen er at ing power (Pe) for gas tur bine op er at ing hours NOHGT = 7,448 – 504 =  6,994 h is:

P
E

NOH
e

e

GT

kW= =1 495, (1)
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Av er age con sump tion of nat u ral gas for the gen er a tion of av er age elec tri cal power of
1,495 kW is equal to 8.22 × (7,448 – 504) = 57,080 MWh. Power of nat u ral gas for gas tur bine
only (PNG,Cogen = 8.22 MW) is de ter mined from fig. 3 for av er age elec tri cal power.

Ta ble 1. Mea sure ments re port: Prod uct di men sions: 9 mm SC × 1200 mm;
Line speed: 71 m/min.; Oc to ber 14th

Point De scrip tion Name Unit Re sult

M0 Am bi ent
Tem per a ture °C 32.7

Rel a tive hu mid ity % 57.9

M1 Tur bine sup ply to kiln Tem per a ture °C 348.3

M2 Tur bine sup ply to wet zone burner Pres sure mWC –0.82

M3 Wet zone – re turned gas
Tem per a ture °C 177.1

Pres sure mWC 0.02

M4 Air ex trac tion
Tem per a ture °C 121.5

Dumper po si tion % 59.1

M5 Dry zone – waste gas

Tem per a ture °C 95.4

Pres sure mWC 0.05

Dumper po si tion % 39.8

M6 Wet zone Tem per a ture °C 237.3

M7 Dry zone Tem per a ture °C 147.8

M8 Prod uct – in let Mois ture % 40.82

M9 Prod uct – out let Mois ture % 13.04

M10 NG con sump tion NG power MW 8.12

M11 Elec tric ity pro duc tion En ergy kWh 2112

M12 Tur bine sup ply to dry zone com bus tion Dumper po si tion % 96

M13 Com bus tion cham ber sup ply to dry zone Dumper po si tion % 0

M14 Tur bine sup ply to wet zone com bus tion Dumper po si tion % 100

M15 Com bus tion cham ber sup ply to wet zone Dumper po si tion % 54.3

M16 Kiln ex haust fan

Tem per a ture °C 103

Dumper po si tion % 47.5

Flow rate m3/h 56,520
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M17 Emer gency ex haust

Tem per a ture °C –

Dumper po si tion % 0

Flow rate m3/h 0

M18 Aux il iary ex haust fan

Tem per a ture °C 87

Dumper po si tion % –

Flow rate m3/h 33,840

M19 Wet ex haust fan

Tem per a ture °C 155

Dumper po si tion % 34.6

Flow rate m3/h 43,920

M20 Equal izer back Dumper po si tion % 100

Use ful heat power, which is used in the kiln, at av er age out put tem per a ture of gases
from the kiln of 117 °C, is equal to:

Q m c T TCogen eg p,eg eg kiln= - =( ) .4376  kJ/s  (or kW) (2)

Av er age out put gases tem per a ture from the tur bine is 325 °C for av er age an nual power 
of the tur bine of 1,495 kW (fig. 3). Ex haust gases mass flow rate is 72,000 kg/h and is prac ti cally 
con stant for all op er a tional loads.

Use ful heat en ergy of the tur bine’s ex haust gas ses is as fol lows:

& , ,QCogen = 30 386 944 kWh (30,387 MWh) (3)

The over all ef fi ciency of the co-gen er a tion plant can be found as fol lows:

h =
+

=
P Q

P

e Cogen

NG.Cogen

100 714. % (4)

For driv ing the co-gen er a tion plant dur ing the an a lyzed pe riod of twelve months, the
fol low ing NG en ergy was used:

SNGCogen = 57,079,680 kWh (57,080 MWh) (5)

This, at prices valid at that time, was worth 810,531 US$.
Dur ing that pe riod, 10,378 MWh of elec tri cal en ergy was pro duced, as well as 30,387

MWh of use ful heat en ergy. 
The tur bine’s waste en ergy was used to gether with hot gases made by two com bus tion

cham bers (see fig. 2). To tal av er age an nual NG power of both tur bine and com bus tion cham bers 
was 14.7 MW. This value is cal cu lated as mean monthly con sump tion which is mea sured reg u -
larly. To tal an nual NG con sump tion for dry ing kiln was as fol lows:

SNGKiln = 102,076,800 kWh (102,077 MWh) (6)
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This was worth 1,449,491 US$.
It is now pos si ble to cal cu late the quan tity of con sumed gas only for com bus tion cham -

bers. It is equal to:

SNGCC = SNGKILN – SNGCogen = 44,997,120 kWh (44,997 MWh) (7)

The av er age power of com bus tion cham bers burn ers is:

NG
NG

NOH
CC

CC

GT

= =
S

6 480,  kW (8)

If the ef fi ciency of com bus tion in cham bers is equal to hCC = 0.90, then the use ful
heat in tro duced into the kiln, but only from com bus tion cham bers, equals 0.9 × 44,997,120 =
= 40,497,408 kWh. It is now pos si ble to es ti mate to tally de liv ered heat en ergy into the dry ing
kiln. It equals QDK = 40,497,408  + 30,386,944  = 70,884,352 kWh (70,884 MWh). The par tic -
i pa tion of heat from the co-gen er a tion plant is 42.3 %.

Dur ing the tur bine’s over haul, the pro duc tion pro cess does not stop, how ever the con -
sump tion of gas in com bus tion cham bers is in creased. The power of nat u ral gas dur ing this pe -
riod can be es ti mated on the ba sis of the to tally re quired heat en ergy, which has just been
calculated. Thus:

NG
Q

NOH
CC SD

DK

GT CC
- = =

1
11342

h
,  kW (9)

The in creased con sump tion of gas for driv ing the kiln dur ing the over haul of the tur -
bine equals to:

SNGCC-SD = (NGCC-SD – NGCC)NOHSD = 2,441,376 kWh (10)

This in crease can eas ily be no ticed in fig. 1 in the month of De cem ber when over haul -
ing was usu ally per formed. How ever, it should be pointed out that the tur bine’s over haul is a
very com plex op er a tion and it can not be per formed dur ing the fac tory’s short shut-downs.

The en ergy per for mance im prove ments

The sug gested mea sure im plies the fol low ing:
(a) the drive of the co-generation plant with maximum capacity (with consequential increase of

the NG consumption),
(b) complete supply of the factory with electrical energy, and
(c) the sale of surplus electrical energy to local EDC at previously contracted price without

preconditions regarding time and quantity of deliveries.
This mea sure does not re quire ad di tional in vest ments as it has al ready been men tioned

above be cause the ex ist ing con trol sys tem en ables trans fer to the new op er a tion pro ce dure with -
out any limitations.

The tur bine’s op er a tional pa ram e ters at the max i mum load can be read from fig. 3. The 
flow of the tur bine’s ex haust gases prac ti cally does not change with var ied loads. The new op er -
a tional pa ram e ters of the tur bine at the full load are as follows:
Gen er ated out put power:
NG con sump tion:
Ex haust gas tem per a ture:
Ex haust gas flow rate:
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Pe,new = 4,485 kW
PNG,new = 15.2 MW
Teg,new = 493 °C
meg,new = 72,000 kg/h



Avail able waste heat en ergy from the co-gen er a tion plant for the kiln (for av er age tem -
per a ture of the ex haust gas ses from the kiln is as fol lows (this is the value that has been mea -
sured and con firmed by re view ing daily log sheets):

Q m c T TCogen, new eg p,eg eg kiln= - =( ) ,7 911 kJ/s (kW) (11)

As op posed to the pre vi ous case, the out put gases tem per a ture from the tur bine is now
493 °C.

An nual use ful heat of the co-gen er a tion plant is:

& , ,QCogen, new = 55 498 504 kWh (55,499 MWh) (12)

The power of the nat u ral gas re quired for pro duc ing 5,485 kW of elec tri cal power and
use ful heat power of 7,911 kW is equal to 15.22 MW (fig. 3).

The ef fi ciency of this co-gen er a tion pro cess is:

hnew
e, new Cogen, new

NG, new

=
+

=
P Q

P
100 814. % (13)

It can be no ticed that the ef fi ciency of the co-gen er a tion plant has been sig nif i cantly
im proved. It used to be 71.4% and now ex pec ta tions can be as much as 81.4%. 

The load du ra tion curves for cur rent and pro posed op er at ing pro ce dure of this co-gen -
er a tion plant are pre sented in fig. 4. It has al ready been pointed out and can eas ily be no ticed that 
the plant op er ated un der sig nif i cantly lower load than the load which is pos si ble un der given cir -
cum stance. This caused the over all ef fi ciency to be 10% lower than the optimum one. 

The gas con sump tion for driv ing the tur bine in the new re gime is as fol lows:

SNGCogen,new = 105,548,800 kWh (105,549 MWh) (14)
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Figure 4. Load duration curve



The re quired heat en ergy for driv ing the dry ing kiln from com bus tion cham bers can be 
de ter mined as we know to tally re quired heat en ergy for run ning the pro cess and heat en ergy re -
leased un der the tur bine’s full load. In this man ner, it is ob tained that ad di tional heat en ergy is
re quired, which is equal to:

& , ,QCC, new =15 394 560 kWh (15,395 MWh) (15)

and gas con sump tion for driv ing com bus tion cham bers is:

SNG
Q

CC, new
CC, new

CC

= =
&

, ,
h

17105 067 kWh (17,105 MWh) (16)

Now, it is pos si ble to es ti mate over all con sump tion of NG un der the full load of the gas 
tur bine which pro duced sur plus elec tri cal energy. Thus:

SNGKILN, new = 122,653,867 kWh (122,654 MWh) (17)

This quan tity of gas is worth 1,741,685 US$ (for cur rent re gime it is 1,449,491 US$).
The in creased ex pense for pur chas ing gas is 292,194 US$. How ever, the pro duced elec tri cal en -
ergy is equal to:

ECogen, new = 31,143,840 kWh (31,144 MWh) (18)

The over all con sump tion of elec tri cal en ergy in the whole fac tory is 12,292,700 kWh.
En ergy pur chased from the lo cal grid dur ing the shut-down of the gas tur bine is 949,520 kWh.
This means that it is pos si ble to de liver 31,143,840 – (12,292,700 – 949,520) = 19,800,660 kWh
(19,801 MWh). At the price of 0.0363 US$/kWh the worth of elec tri cal en ergy is 718,764 US$. 

Fi nally, it is pos si ble to cal cu late ul ti mate ben e fit achieved by in tro duc ing this sim ple
and no cost en ergy con ser va tion mea sure. The fol low ing is obtained:

Expected benefit = 718,764 – 292,194 = 426,570 US$ (0.43 million US$) (19)

This sav ing amounts to as much as 17.4% of the over all ex pense for en ergy ex is tent at
that time. 

En vi ron men tal im pact

As it has al ready been men tioned, it is very dif fi cult to es ti mate the en vi ron men tal im -
pact of any en ergy con ser va tion mea sure as pre cise stan dards do not ex ist. One of the most se ri -
ous is sues in volves the lack of re li able data con cern ing emis sions of large plants for the pro duc -
tion of elec tri cal en ergy which are usu ally parts of national energy systems.

In this given case the con sump tion of the NG has been in creased from the cur rent
102,076,800 kWh to 122,653,867 kWh (20.2%), but the pro duc tion of elec tri cal en ergy in the
same plant has been in creased for al most 200% (from 10,378,700 to 31,143,840 kWh), and the
pro duc tion of heat en ergy has been in creased for 82.6% (from 30,386,944 to 55,498,504 kWh).
At the same time, the con sump tion of NG in com bus tion cham bers has been re duced for 62.0%
(from 44,997,120 to 15,394,560 kWh). 

By us ing data con cern ing emis sions of cer tain plants [17], it is pos si ble to es tab lish the
bal ance of CO2 emis sions for ob served plants (tab. 2). We have not per formed es ti mates of real
emis sions of cer tain ex haust gases as this re quires proper chem i cal com po si tion of fu els (NG)
and mea sured data of ex haust gases. We have used es ti mates given in the above men tioned ta -
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bles. The in creased pro duc tion of elec tri cal en ergy in the new op er a tion pro ce dure has been ex -
pressed by the pro duc tion of elec tri cal en ergy in cen tral power plants fired by coal, heavy fuel
oil (HFO) and NG. It is ob vi ous that re sults are dif fer ent in these three cases. How ever, it is ev i -
dent that there is a sig nif i cantly re duced emis sion of CO2 in the case of the sug gested so lu tion.
Val u a tion of this pos i tive ef fect var ies in dif fer ent coun tries, but it is pos si ble to say that pres -
ently gen er ally ac cepted val u a tion of this ef fect does not ex ist. The same is with the emis sion of
other gases and par ti cles. 

Gen eral con clu sion is that by ap ply ing this mea sure, it is pos si ble to achieve sig nif i -
cant re duc tion of harm ful emissions.

Ta ble 2. CO2 bal ance

Cur rent New

Co-gen er a tion plant 10,378,700 × 808.16 = 8,388 t/a 31,143,840 × 808.16 = 25,169 t/a

Com bus tion cham ber 44,997,120 × 252.55 = 11,364 t/a 15,394,560 × 252.55 = 3,888 t/a

Elec tri cal en ergy 
gen er ated some where
else

31,143,840 – 10,378,700 = 20,765,140

Coal: 20,765,140 × 1134.20 = 23,552 t/a

HFO: 20,765,140 × 887.06 = 18,420 t/a

NG: 20,765,140 × 594.24 = 12,335 t/a

To tal

Coal: 43,303 t/a

HFO: 38,172 t/a

NG: 32,087 t/a

29,057 t/a

Con clu sions

It is quite rare that in real con di tions a plant or a fa cil ity op er ates un der de sign pa ram e -
ters. In the pro ject de sign stage, op er at ing con di tions which are at that time known are adopted,
as well as le gal reg u la tions and eco nomic pa ram e ters (en ergy prices, in ter est rates, etc.). Even at
the very mo ment when the plant is put into op er a tions, these con di tions can be sub stan tially dif -
fer ent. For that rea son, it is nec es sary to per form con stant au dits of op er a tion pro ce dure and
carry out per ma nent op ti mi za tion of the plant’s op er a tions in line with pre vi ously es tab lished
cri te ria. It is typ i cal for co-gen er a tion plants that they are very sen si tive to changes of these rel e -
vant pa ram e ters and the need for this type of op ti mi za tion is even more pro nounced. The rea son
for that is the ex is tence of two mu tu ally “de pend ent” out puts (elec tric ity and heat) and rel a tively 
high in vest ment in re la tion to clas si cal plants for the pro duc tion of elec tric ity and heat. Namely,
elec tric ity is bought from the pub lic grid and heat is gen er ated in rel a tively cheap boil ers. 

This pa per an a lyzes real life ex am ple of the gas tur bine op er a tion in the dry ing kiln.
The gas tur bine is not a nec es sary part of the dry ing pro cess but with its con struc tion the dry ing
kiln was given an op por tu nity to in crease en ergy ef fi ciency of the whole pro cess. Since the dry -
ing pro cess in the gyp sum fac tory rep re sents the sin gle larg est en ergy con sump tion, op ti mi za -
tion of the dry ing kiln op er a tions cer tainly af fects the fac tory’s eco nom ics. Al though this pa per
shows one case which does not re fer to op ti mal, it pro vides a so lu tion for chang ing the pro cess
man age ment pro ce dure which may lead to considerable energy, environmental and financial
effects.
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From prac ti cal ex pe ri ence, we can say that many plants which have been ad justed once 
do not un dergo any checks rel e vant to ap plied op er a tional pro ce dure ir re spec tive of the fact that
there has been a dis rup tion in rel e vant pa ram e ters. All this is the task of en ergy man age ment
which must con tin u ally op ti mize all en ergy flows. Fur ther in ves ti ga tions should pri mar ily cover 
the as sess ment of po ten tials of such a mea sure in in creas ing en ergy ef fi ciency on plant, re gional
and na tional lev els. In tech ni cal sense, these mea sures are very sim ple and cheap and re quire
good knowl edge of the process which operational procedure has to be managed.
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