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Abstract— In this paper energy and exergy analysis method
for thermal power plant and analysis carried out on 55 MW
coal base thermal power plant of DCM — Shriram Ltd. In the
present, increasing demand of power has made the power
plants of scientific interest, but majority of the power plants
are designed by the energetic performance criteria based on
first law of thermodynamics only. The first law of
thermodynamics does not give all the ideas about the useful
energy loss because the difference between the quality and
quantity cannot be justified by it. In the energy analysis we
can presents only quantitative results while in exergy
analysis one can presents qualitative results about actual
energy consumption. In this analysis it is shown that exergy
efficiency is less at each and every point of power plant’s
component compare to energy efficiency. It also presents
major losses of available energy at combustor, super heater,
economizer and air-pre heater section. In this article it is
also shown energy efficiency, exergy efficiency, exergy
destruction and energy losses comparison charts.
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I. INTRODUCTION

In the power generation sectors the energy consumption and
its conservation are the most critical factors to be optimized.
In the India comparing with all other sources of power
production coal is the main source of the power production.
Around 58.75% of the power generation is from coal based
power plants of the total installed capacity. Natural gas
contribute around 8.91%, Nuclear and oil contribute around
2.11% and 0.52%.The share of coal and petroleum is
expected to be around 66.8% in the total commercial energy
produced. The share of crude oil in production and
consumption is expected to be around 6.7% and 23% by
2021-22 Ease of use.

One of the indicators which show the development
and living standards a community is Energy Consumption.
The overall performance of any power plant can be
measured through energetic performance criteria which are
based on First law of thermodynamic. It is a simple energy
balance without taking into account the quality of energy
used. Exergetic analysis, based on second law of
thermodynamics, takes in to account the energy quality. The
energetic and exergetic analysis will provide a complete
picture to enhance the overall plant’s efficiency.

Fig. 1: Sources Electricity Graph

Il. ENERGY AND EXERGY ANALYSIS

A. Energy Analysis:

1) Energy Analysis for Boiler:

Ein = m¢he + Mpahpa + Mghg,

Eout = Mghy + mgghgg

AE = Ejp - Eout

Ni= Eout / Ein

Where, Ej,=Energy enter to the combustion chamber
E..t = Energy exit from the combustion chamber
AE = Energy loss,

n, = First law efficiency

my.= Mass of primary air

hye = Enthalpy of primary air,

ms, = Mass of secondary air,

he, = Enthalpy of secondary air

ms = Mass of fluid

h¢ = Enthalpy of fluid

my = Mass of flue gas

hy = Enthalpy of flue gas

2) Energy Analysis for Air Pre Heater:

Ein = mCp (AT) apn

Eout = mpa (Ahpao - Ahpai) T Mg (Ahsao - Ahsai)
AE = Ejn. Eou

Ni= Eout / Ein

Where, (AT)qn = Flue gas temperature difference in Air
Preheater

C, = Specific heat of flue gas

3) Energy Analysis for Economizer:

Ein = MCp (AT) eco

Eout = My (Ahgyo - Ahgyi)

AE = Ejn. Eou

Ni= Eout / Ein

Where, mq, = Mass of feed water

hqv = Enthalpy of feed water

4) Energy Analysis for Super Heater:

Ein = mcp (AT)sn

Eout = Msn (Ahgso - Ahgpy)

AE = Ejy_ Eout

Ni= Eout / Ein
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5) Energy Analysis for LP Heater:

Ein = Myp (Ahyyi - Ahyyo)

Eout = Miw (Ahgyo - Ahgy)

AE = Ejy. Eou

M= Eout / Ein

Where, my, = Mass of condensate from LP heater
hi,= Enthalpy of condensate of LP heater

6) Energy Analysis for HP Heater:

Ein = Map (Ahppi - Ahppo)

Eout = My (Ahfwo - Ahfvvl)

AE = Ein - Eout

Ni= Eout / Ein

Where, my, = Mass of condensate from HP heater
hne= Enthalpy of condensate of HP heater

7) Energy Analysis for Turbine:

Ein = mghs

Eout = Wt + mg hg+ Mpp-1 hhp-l + Mpp.2 hhp-2 +

mhp-l hhp-2 + mlp hIp +me hc

AE = Eijn. Eout

Ni= Eout / Ein

B. Exergy Analysis:

1) Exergy Analysis for Boiler:

Yin =my (hgi - Tosgi) + Mpa (hpa - Tospa) +
msa(hsa - TOSSa)

AY = Wi — Wour

2) Exergy Analysis for Air Pre Heater:
\Pin r mg(hgi - Tosgi) - mg(hgo - Tosgo)
Yin=my, {(hpao - Tospao) - (hpai - Tospai)} +
msa{(hsao - Tossao) - (hsai - Tossai)}

AY =¥ — Pour

Mir=You/ Pin

3) Exergy Analysis for Economizer:

Win = mg(hgi — ToSgi) = Mg(hgo — ToSgo)

Wour = Mn{ (htwo — ToStwo) — (Nrwi — ToSrwi)}
AY = Wi — Wour

ulll =LPout/ \Pin

4) Exergy Analysis for Super Heater:

Win = my(hgi — ToSgi) - Mg(hgo — ToSgo)

\Pout = msup{(hsupo - Tossupo) - (hsupi - Tossupi)}
AY =¥ — Wour

M =You/ Pin

5) Exergy Analysis for LP Heater:

Yin = mlp(hlpi - Toslpi) - mIp(hlpo - Toslpo)
Wout = Man{ (htwo — ToStwo) — (Nrwi — ToSrwi) }
AY = Wi — Wour

ulll =lPout/ \Pin

6) Exergy Analysis for HP Heater:

Win = Mip(hinpi — ToShpi) — Mip(ipo — ToShpo)
Wour = Man{ (htwo — ToStwo) — (Nrwi — ToSrwi) }
AY =¥ — Wou

M =You/ Pin

7) Exergy Analysis for Turbine:

Ein = ms (s - Toss)

Eout =My (hd - Tosd)+ mhp(hhp—l - Toshp-l) + mhp(hhp—z - ToShp—Z)
+ Mpp(hip — ToSip) + Me(he — ToSc)

Boiler(Furnace | 90.5 | 60.8 | 19676.367 | 76614.031
) 0 0 0 5
L.P. Heater 851'8 5‘;5 733.6201 | 1484.8870
H.P.Heater-1 916'4 7%'4 1096.1410 | 1434.3652
H.P.Heater-2 8?6 5%'9 771.6363 | 1020.5055
Economiser-1 8%6 6%0 2052.9062 | 1996.9805
Economiser-2 823'7 6‘;'5 2666.4879 | 3475.4749
L.T.Super | 98.6 | 429 | 140619 | 5284.9464
Heater 1 0
H.T. Super | 886 | 56.9 | g35 9488 | 22743897
Heater 5 3
Screen Super | 94.8 | 635 | 44171987 | 47643191
Heater 0 7
Turbine 956'2 93;'7 9767.7087 | 5269.6530
Upper APH 323 3%'4 2710.0600 | 2047.9673
Middle APH 983'3 Si'?’ 115.1464 | 1428.7156
Bottom APH 9%'4 3i'7 142.6832 | 721.1365
Additional 779 | 49.8
AP 5 o | 5721286 | 5108773

AE = Ein - Eout
Ni=Eout / Ein
Ill. RESULTS
m . AE AY
Component % % (KJ/IS) (KJ/S)

Table 3.1: Plant Results at Part Load 54 MW
The results show that at every point of the power
plant the energy efficiency is less than the exergy efficiency.
This means the exergetic efficiency is lower than the first
low efficiency which marks that the power plant requires
good maintenance.
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Fig. 3.1.1: Energy efficiency chart
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Fig. 3.1.2: Exergy efficiency chart
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Fig. 3.1.4: Chart 3.1.4 Exergy loss chart
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Fig. 3.1.5: Energy v/s Exergy efficiency chart
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Fig. 3.1.6: Energy v/s Exergy loss chart

IV. CONCLUSION

It has been found that the energy efficiency is higher
than the exergy efficiency.

Economiser-2, L.T. Super heater and Screen super
heater are also another components that contributes to
major loss of exergy in the power plant.

Major exergy loss occurs in the furnace (Boiler) that
means it is not adiabatic and it needs proper
combustion and the reason for the same is the
irreversibility in the combustion process. The exergy
loss can be reduced by applying proper insulation
modification in the current furnace.

In the heat recovery system the Economiser-1 and
Economiser-2 are the major affected components in
that way it requires proper maintenance.
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