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COMPARATIVE ANALYSIS OF GASEOUS FUELS COMBUSTION HEAT
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Abstract. The estimation of the calorific value of gaseous fuels such as pyrolysis gas, biogas, landfill
gas, natural shale gas was done. The results showed that the calorific value of pyrolysis gas was com-
parable to the calorific value of biogas and shale gas.
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Annomayus. [Ipogedena oyenxa meniomeopHoll CHOCOOHOCMU 2A3000PA3HBIX MONIUE, MAKUX KAK
NUPOIUZHDILL 2a3, OU02a3, CBANOYHBIU 2A3, NPUPOOHDIL cranyesvill eas. Tlonyuennvie pe3yibmamol no-
Ka3aau, 4mo menjiomeopHas CHOCOOHOCMb NUPOIUHO20 2A3d CONOCMABUMA C MENIOMEOPHOU CHO-
COOHOCMBIO 6U02A3a U CIAHYEB020 2a3d.

Knrouesvle cnosa: meniomeopras cnocoOHOCHb, NUPOAUSHBLIL 243, OU02A3, CIAHYesbI 243, YIMUIU3A-
YUsl WUH.
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Anomauis. Ilposedeno oyinky meniomeipHoi 30amHocmi 2a30n00i0HUX NAAUE, MAKUX K NIPOLIZHUL
eas, b6ioeas, 36an04HULL 2a3, NPUPOOHUll cranyesul 2az. Ompumani pe3yibmamu NOKA3aaiu, Wo men-
JOMBIPHA 30AMHICMb NIPOJIIZHO20 2A3) € NOPIBHAHOIO 3 MENIOMBIPHOI0 30amHicmio 6ioeasy i cianye-
6020 2a3).

Knrouosi cnoea: mennomsipua 30amuicms, niponizHuti 2a3, 6ioeas, clanyesutl 2as, Vmuiizayis uuH.

Introduction Methods and technologies allowing to obtain
energy from recycled materials as well as do-

The problem of energy independence is an im- mestic and industrial wastes (waste wood, agri-

portant one in energy policy of Ukraine and
many countries. This is directly related to the
sharp rise in price obtained while crude oil and
petroleum products processing.

In this regard there arises the necessity to create
technologies and equipment for getting heat and
electricity based on renewable and therefore
cheaper and readily available raw materials.

cultural production) whose value now is around
10 times lower than the cost of petroleum prod-
ucts are being widespread in the world. They are
used to solve environmental problems like waste
utilization and maintaining clean and healthy
environment and economic problems of reduc-
ing scarce energy resources exploitation. [1]
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Analysis of publications

The replacement of natural gas with alternative
energy source, namely: pyrolysis gas, landfill
gas, biogas and natural shale gas is one of the
examples of rational and relevant solution of the
problem of energy dependence on traditional
fuels.

Technologies of waste utilization with second-
ary products such as flammable gases have long
been used in the developed European countries
and the United States of America [2].

There were done many proposals of pyrolysis
installations last years in Ukraine.

Main indicators of some pyrolysis installations
were analyzed by us and presented in table 1.

Table 1 The amount of products formed by pyrolysis

installations
. Power, | Productivity per day, ¢

Installation | /0 0) [slag | fiquid | gas
ECO-2006 4 0,8 2,9 0,7
Alpha 3 1,4 0,98 0,16
Biodiesel 1 0,5 0,3 0,05
Green 0,25— 0,1-
Power ! 0.45 0,3 0,15
Pyrotex 5 1,35 2,75 0,9
Antval 3 0,9 1,8 0,3
Antval 7 2,7 4,2 1,8
Konstanta 6 1,42 1,92 1,1

As it is seen from the Table land earlier re-
searches [3, 4] the power of installation, output
of goods (slag, liquid and gas), physical and
chemical characteristics varied at different in-
stallations.

Installations manufacturers have said that all
three products are commercial goods and pyrol-
ysis gas is similar in properties to natural gas.
Pyrolysis gas is used for industrial processes at
installations and it remains are burned [4].

There is no unified view of the possible use of
the pyrolysis products as follows from previous
studies. In the previous work I was analyzed the
environmental and economic assessment of py-
rolysis liquid [5].

The purpose and problem statement

The purpose of this paper is to give a compara-
tive analysis of the calorific value of different

types of alternative fuels including pyrolysis gas
formed at various Ukrainian installations and to
determine the possibility of their practical use.

Objectives of the work include:

— Calculation of calorific value of pyrolysis gas;
— Calculation of calorific value of alternative
gaseous fuels such as landfill gas, biogas, natu-
ral shale gas, coke oven gas;

— Comparative analysis of properties of different
alternative gaseous fuels. And compare their
calorific value to calorific value of natural gas.

Comparative analysis of gaseous fuels
combustion heat

The equation D.I. Mendeleyev to calculate the
calorific value of gases was used [6].

This formula includes the volume of gases and
heat of their combustion. Only those compo-
nents emitting heat during combustion were
considered, gases such as CO,, N,, O, and water
vapor are the ballast, and their presence leads to
decrease at combustion temperature.

0 =358CH, +640C,H, +915C,H, +
+1190C H,, +1465CH,, +126,5CO+ (1)

K
+107,5H, + 234H2S(—!).
m

0 =398CH, +700C,H, +995C,H, +
+1285C,H,, +1575CH,, +126,5CO+  (2)

+107,5H, +257H,5 ()
m

Where O — calorific value of gas, KJ/m’,
KCal/m’;

C.H, — hydrocarbon content in the gas, %;

CO — content of carbon oxide in the gas, %o;
H,S — content of hydrogen sulfide in gas, %;

H, — content of hydrogen content in gas, %.

The calorific value of alternative gaseous fuels
such as landfill gas, biogas, pyrolysis gas and
shale gas has been calculated for comparative
analysis. That is why these waste utilization
technologies are used in Ukraine today. Results
of calculation are presented in Table 2.

As it is seen from Table 2 the calorific value of
alternative gaseous fuels is substantially (2-5
times) lower than that value of standard fuel —
natural gas.
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Table 2 Comparative analysis of various gases
combustion heat

. Net
Gas composi- lorifi
tion. % Calori 03
Company ’ Value, m
CH; |H, |CO

NATURAL GAS 33 080
PYROLYSIS GAS
South-Ural Ltd. 7 25 | 18 | 7470,5

min 5 15 |15 | 5300
Iron Ltd.

max 10 |20 |25 | 88925

min 33 |12 | 11 14 495,5
Neroaera

max 45 28 18 | 21397
Energy Ltd. 24 |17 | 4 22 734,7
A ALPHA -
UKRAINE Lid. 35 |18 | 4 29 154,3
Energomash Ltd. | 38 | 82 | 47 | 28 364,5
SHALE GAS
Linde min 14 |25 |10 | 8964,5
Group max |17 |40 |20 | 12916
BIOGAS
Mediana | min 50 |0 17 900
PM Ltd.
Russia max 80 |1 28 747,5
Euro min 40 | 0 14 320
diesel
Ltd. max 75 |1 26 957,5
Ukraine
LANDFILL GAS
Gengas min 40 | 0 14 320
oY max |70 |1 25167,5

min 50 |0 17 900
TIS Eco

max 75 |1 26 957,5
Nedra min |40 |0 14 320
Luganska
Ltd. max | 60 |1 21 587,5

Calorific value of pyrolysis gas can be almost
the same as the calorific value of natural gas, but
may be 6 times less.

The value ranges from 5 250 to 29 155 kJ/m’.
Pyrolysis gas with the lowest calorific value of
5300 kJ/m’ (Iron Ltd.) can only be used for in-
dustrial process at installations.

The calorific value of pyrolysis gas by the Alpha
Energy and Energomash Ltd. installations is

comparable and exceed the shale gas combus-
tion heat in 2 times. This suggests that the py-
rolysis gas can be used in the same sectors of the
economy that natural shale gas.

It is known that Ukraine possesses substantial
reserves of shale gas and it is intensive devel-
opment being planned coming years [7].

Recently, biogas is used both in Europe and the
United States of America as a substitute for nat-
ural gas. As it is seen from Table 2 the calorific
value of pyrolysis gas is close to the calorific
value of biogas.

So, the practical use of pyrolysis gas prevents
the small volume of its formation at pyrolysis
plants with capacity from 1 to 7 tons/day. The
volume of gas does not exceed 2 t/day.

It is known that Alpha Ltd. offers installations of
tire recycling capacity of 20 ton/day, with the
pyrolysis gas amount of 5 t/day in Ukraine. In
this case the pyrolysis gas can be used for indus-
trial purposes.

Conclusion

After completing this work we have the follow-
ing results:

— It has been proved that the calculated calorific
value of pyrolysis gas is 2—6 times lower then
the calorific value of natural gas;

— It was found that the calorific value of pyroly-
sis gas is comparable to the calorific value of
biogas, and exceed 2 times the calorific value of
the shale;

— Ukraine releases installations which can pro-
duce 100 ton of pyrolysis gas a day. Pyrolysis
gas from such installations can be applied in
economy fields using biogas, landfill gas and
shale gas.

Reference

1. MoznusixoBa O.1. Exorexnomorii y OymiB-
HUNTBI Ta Oe3leka TEpUTOPiH: KOHCIIEKT
nekiii / O.1. [oszgaskosa. — X.: XHAJLY,
2004. - 78 c.

2. Andrews A. Unconventional gas shales: de-
velopment, technology, and policy issues /
A. Andrews, P.Folger, M. Humphries,
C. Copeland // An article from Congres-



Bectuuk XHAAY, Bbin. 55, 2011 m

sional Research Service Report for Con- L.IO. Mupsesa // Exonoriyai mpobmemu
gress (CRS) — Digita, 2010. — 50 p. perio”iB Ykpainu : matepianu 4- MibkHa-

3. Iar. na xopucuny wmozens UA(19) POAHOI HAYKOBOI KOH(EpeHIii CTYIEeHTIB,
Ne 36711IMIIK(51) U(13) CIOL 1/08 MarictpanTiB 1 acmipanTtiB. — Opeca:
(2008.01). AnpTepuaTuBHE AW3EIbHE TMa- OJEKY, 2011. -277 c.
muso / Typenko A.M., BuykoBa H.B., 6. dOU3NYSCKUI SHIMKIIONCIUYCCKUN CII0Baph /
[Mo3nusxosa O.1., Harmok 1.C.; 3asBHUK 1 . pen.  A.M. IIpoxopoB. pen. Ko
maTeHTOoBIacHUK XHAJY. — Ne 22248, J.M. Anekcees, A.M. bonu-bpyeBud,
3asB. 10.11.2008, wmampyk. 10.11.2008 A.C. bopoBuk-PomanoB u np. — M.:
Bron. Ne 21. PYCCO, 1984 — 578 c.

4. Ilerpenko T.B. IlepcreKTHBBI HCIOIL30Ba- 7. buctpunbka O. Po3poOka ciiaHIIEBOro ra3y B
HUSl TPOAYKTOB IHPOJIH3a OTPabOTaHHBIX VYxpaini: nporec noShell?/ O. bucrpuibka
aBromoOmibHBIX IMH / T.B. Ilerpenko, [EnexTpoHHUE pecypc]. economics.unian.net

10.A. HoBuukos, O.1. ITo3guaskosa // Kon-
rpecc BaiicTex 2007 : marepuainsl 5-ro
MEXAYHApOJHOIO KOHIpecca YIPaBJICHMS Penensenr: A.B. I'punienko, npodeccop,
OTXOaMHM U TNPHUPOJOOXPAHHBIMA TEXHO- n.reorp.H., XHALY.
norusmu. — M., 2007. — 368 c.
5. IMoznasikoa O.1. EQekTuBHICTE BUKOPHCTAH-
HSl TIPOJYKTIB YTHIIi3allil 3HOIIEHUX aBTO- CraTthst mOCTyNHWJIa B pEaKOui0 3 HOSOps
MOOUTPHUX IIMH METOAOM Tipomizy / 2011 r.
O.1. IlosmusxkoBa, A.M. ImiomeHko,



