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Abstract
This paper presents the eﬀects of water side deposits in the 210 MW coal ﬁred thermal power plant components (viz., boiler, turbine, feed water heaters, condensers and lube oil coolers) on the energy eﬃciency of
these components and that of the overall system at 100% maximum continuous rating (MCR). The origin,
composition and rate of build up of deposits on the water side are presented. A linear growth rate of deposits is assumed for simplicity. The eﬀects of the reduction in heat transfer, increased pressure drop and
increased pumping power/reduced power output in the components are quantiﬁed in the form of curve ﬁts
as functions of the deposit thickness (lm). The reduction in heat transfer in the boiler components is in the
range of 0.2–2.0% under normal scaling. The increased pumping power is of the order of 0.6–7.6% in
the boiler components, 29% in the BFP circuit, 26% in the LPH circuit, 21% in the HPH circuit and
18% in the lube oil cooler circuits. The eﬀects on the overall coal ﬁred plant is quantiﬁed through functional
relations between the eﬃciencies and the notional deposit thickness. The sensitivity indices to the notional
deposit thickness are: boiler eﬃciency: 0.0021% points/lm, turbine circuit eﬃciency: 0.0037% points/
lm, auxiliary power eﬃciency: 0.00129% points/lm, gross overall eﬃciency: 0.0039% points/lm and
net overall eﬃciency: 0.0040% points/lm. The overall eﬀect of scale build up is either increased power
input of 68 kW/lm (at a constant power output) or decreased power output 25 kW/lm (at a constant
power input). Successful contaminant control techniques are highlighted. Capacity reduction eﬀects due to
water side deposits are negligible.
 2005 Published by Elsevier Ltd.
*

Tel.: +91 80 2360 4682; fax: +91 80 2360 1213.
E-mail address: msbhatt@powersearch.cpri.res.in

0196-8904/$ - see front matter  2005 Published by Elsevier Ltd.
doi:10.1016/j.enconman.2005.07.002

1248

M.S. Bhatt / Energy Conversion and Management 47 (2006) 1247–1263

Keywords: Water side deposits; Scaling; Heat transfer; Pressure drop; Boiler eﬃciency; Turbine eﬃciency; Gross
overall eﬃciency; Net overall eﬃciency; Contaminant control

1. Introduction
Contamination control in thermal power plants is a stringent operational requirement that is
essential for managing the power plant assets optimally. The main water contamination (demineralized water, bearing cooling water and auxiliary cooling water) results from:
(a) Inadequately treated water streams originating from poor quality of input stream, operation/maintenance problems of water purifying/transferring/pumping equipment, inability
to handle transients, damaged moisture separators/deaerator/spray nozzles etc.
(b) In leak of condenser cooling water into demineralized water stream.
(c) In leak of raw water into auxiliary cooling water stream.
(d) Boiler carryover (physical entry of chemicals into steam during evaporation).
(e) Boiler hideout (deposition of chemicals used for contaminant control).
(f) Corrosion products of copper alloys from the pre-boiler systems (feed water heaters and
condenser).
(g) Injection of main and reheat sprays into steam for attemperation.
Water contamination results in scaling (crystallization of dissolved substances from the ﬂowing
ﬂuid onto the ﬂow surfaces) on internal surfaces of the water/steam pressure parts of the boiler,
turbine, regenerative feed water heaters, condenser, lube oil coolers etc. Deposit build up primarily depends on the water/steam composition, ﬂow velocities (optimal velocities [1]: 0.5–4.0 ms1
for water, 20–50 ms1 for saturated steam and 40–80 ms1 for superheated steam), tube substrate
and the temperature of operation. As a rule of thumb, in power plant practice, deposits up to
100 lm are considered as inconsequential. Deposits in the range 100–300 lm are designated as
moderate. Deposits in excess of 300 lm are viewed as desirous of attention for clean up for subcritical boilers. For supercritical boilers, the upper limit between clean up intervals is 150 lm [2].
The characteristic properties of water side deposits can be represented by the ratio [3],
/ = [volume of deposit/volume of metal destroyed]
If / < 1, the deposit is porous and useless. If / > 2, internal stresses tend to rupture it, causing
uneven deposition with no beneﬁt towards corrosion protection. If 1 < / < 2, it is capable of providing corrosion resistance, but the eﬀect is oﬀset by the reduction in heat transferring capacity.
The eﬀects of deposition can be quantiﬁed as follows:
• Decreased heat transfer in the boiler, feed heaters, turbines, condenser, auxiliaries and secondary cooling circuits. The thermal conductivity of heat exchanger tubing of thermal plants [4] is
as follows:
 Carbon steels: 28–32 W m1 K1.
 Alloy steels: 24–30 W m1 K1.

