
OPTIMAL DESIGN OF EMISSION CONTROL SYSTEMS
FOR A FOSSIL POWER PLANTS

D. Sfez, A. Muginstein and Y. Naveh"
Israel Electric Corporation, Engineering Division, Haifa

* Conference lecturer

IL0006654

Abstract
The detrimental environmental effects of pulverized

coal power stations are enforcing the installation of
additional emission control equipment. Utilization of
this equipment significantly increases the installation
and operation costs of the power station, which raises
the cost of the electricity generated by this power
station. Focusing on the flue gas cleaning equipment
can substantially reduce the electricity-generating rate.
Improving the equipment design is the only available
way to reduce the flue gas cleaning costs, without
affecting the power station flexibility and availability.
An optimal design is defined as the one achieving the
least expensive cleaning system (capital and operating
costs) while maintaining the original power station
operation flexibility (coal variety and partial load
performances). Two main changes in the conventional
design need to be carried out in order to reach the
above-mentioned optimized design. The first
modification is to integrate the ESP and FGD at the
design criteria stage while considering the influence of
each piece of equipment on the other. The second stage
is to set one common best efficiency design point to the
ESP and the FGD together. Achieving this one common
best efficiency point requires some equipment addition
and modifications to the conventional ESP and FGD
systems. The technology involved in this modification
is available and is well proven in operation. Using this
technology with the optimal design concept will lead to
a significant reduction of the flue gas cleaning costs and
will reduce, by this, the electricity production costs.

Introduction
The new Electricity Legislature and the opening of

the Israeli electricity production market for independent
power producers are leading the market to a state of
free competition. This new situation increases the
importance of low-priced electricity production rates.

In order to reduce the environmental effects caused
by the combustion of pulverized coal, additional
equipment must be installed and operated in the power
station. Electrostatic precipitators (ESP) which
eliminate more than 99.75% of the flue gas laden solid
particles and flue gas desulfurization systems (FGD)
scrub out more than 95% of sulfur dioxides from the
flue gas. These flue gas-cleaning systems are expensive
to install and to operate (around 10% of the unit capital
and operating costs, see table 1). The high flue gas
cleaning costs significantly increases the electricity
production cost in fossil fuel units.

The substantial part that flue gas cleaning plays in
the total electricity cost demonstrates the potential
benefit of optimization of the gas cleaning equipment.

However, reducing the flue gas cleaning cost should
only be considered if the equipment reliability remains
unaffected. Malfunctioning in one of the cleaning
systems can lead to non-compliance with local emission
regulations and a unit forced outage (and such a
situation is very "expensive" for the electrical utility).
Reducing the flue gas cleaning costs should be done,
however, by an improved global conceptual design of
the entire gas cleaning system and not by cutting and
reducing safety factor, the equipment flexibility or the
equipment availability.

Table 1. An example for clean air equipment costs

Capita) cost
Variable cost

Total

Specific cost
(C/kWh)

ESP
0.5% S

30 MS
4.2 MS

34.2 MS
0.1

ESP 2%
S

20 MS
4.5 MS

24.5 MS

0.07

FGD
2%S

70 MS
56 MS

126MS

0.35

FGD
0.5% S
55 MS
28 MS

83 MS

0.23

Optimal design of the air cleaning system
The optimal design of the clean air system is the one

that results in the lowest lifecycle cost without
imposing any restrictions on the generating unit. This
optimum can only be achieved by two modifications of
the conventional design criteria concept. The first
change is to look at the ESP and FGD as a single
integrated system considering the cleaning performance
of each equipment on the other. For example, the ESP
efficiency can be specified in accordance to the FGD's
particle absorbing capability and the gypsum quality.
The second change of concept is to set one common
best efficiency design point to ESP and the FGD
together. This concept is replacing the "worst case"
design for each equipment in the chain separately (see
table 2). ESP is designed (best efficiency point) to the
lowest sulfur content and the FGD is designed to the
highest sulfur content in the coal range. This means
installation and operation of oversized equipment that
will never operate at it's best efficiency point and
unnecessarily high capital and operation costs.

Table 2. Typical design of clean air equipment

Design Parameter
Sulfur in coal
Flue gas flow
Flue gas temp.
Particles at stack

ESP
0.5%

815 nrVs
150 °C

40 mg/d. NmJ

FGD
2%

780 mJ/s
143 °C

40 mg/d. NmJ

The Optimal Design Point
The optimal design approach intends to design ESP

and FGD to one common design point. This design
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point is set according to the potential coal to be used for
the power statioa Selection of the coal to be used
should also be based on optimization between coal
price and coal quality. The more sulfur and ash the coal
contains the cheaper it is, but the flue gas cleaning costs
becomes more expensive. Selecting the design coal for
thew new power station should be based on minimum
of the total life-cycle costs including coal price, gas
cleaning lifecycle costs and all other effects on the
boiler and thermodynamic cycle. Strategic
considerations of such as variety of supply sources
and/or different boilers which are supplied by a single
storage play, also, a significant rule when selecting the
future coal.

A techno-economic evaluation of the clean air
equipment Iifecycle was used to determine the ESP and
FGD common optimal design point. The study case of
the evaluation was the next pulverized coal power
station in Israel. This evaluation has also included the
price versus quality characteristic of the potential coal.
The results of the techno-economic evaluation are
presented in this paper.

One subject not fully covered in the evaluation is
the boiler (with low NOX burners) non-oxidizing
corrosion occurs while utilizing high sulfur coal in the
sub-stochiometric atmosphere. The extra costs needed
to install protective measures, have not been included in
the overall calculations. The authors believe that
protecting the boiler from this corrosion is a better
solution than restricting the boiler to the more
expensive low-sulfur coal.

ESP Flexible design
The basic concept of optima! design is not tc affect

the power station fuel flexibility. Paniculate emission
regulation at the stack is 53 mg/dNm3 @6% O2 (0° C, 1
bar). Considering the FGD down stream of the ESP and
the FGD particulate collecting characteristic and
gypsum quality considerations,, the ESP design criteria
might be around 80-90 mg/dNm3 @6% (0° C, 1 bar).
The ESP design should guaranty this value burning any
coal in the coal specified range. However, the optimal
design point is not the most difficult case that the ESP
might handle. If it is designed to accept 1200mg ash
using 1% sulfur coal the ESP will have a significantly
reduced performance if 0.5% sulfur coal will be used.
The ESP must be specified as a flexible system. The
ESP system flexibility is achieved by flue gas
conditioning. An SO3 injection system is considered for
the flue gas conditioning upstream the ESP. The flue
gas conditioning controls the ash resistivity and
enhances particulate collecting efficiency. It can be
used only as needed when the ash resistivity is high
(low sulfur in coal). Unnecessarily oversizing of the
equipment which is designed for the worst case (1600
mg/dNm3 ash and using 0.5% sulfur coal) is prevented.

Designing the ESP to an optimal design point (and
not to the worst case) requires a flexible system that
will be able to handle a case of lower sulfur. The
obtained reduction of the ESP's Specific Collecting
Area (SCA) is down to 60% of the original size. The
additional equipment required, the SO3 injection
system, is small and relatively not expensive.

ESP OPTIMIZATION FOR 0.5 V. SULFUR IN COAL
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Figure 1. Lifecycle cost for the ESP flexible design.

FGD flexible design
The FGD (wet limestone gypsum) design criteria is

400 mg/dNm3 (0° C, 1 bar) SO2 outlet emission. The
SO; removal efficiency can vary according to SO2 input
concentration. Design of the FGD to the optimal point
requires the FGD system to be flexible. Flexibility of
FGD is achieved by the use of organic acid additives.
These type of additives (Formic acid, Adipic acid or
DBA), when added to the absorbing slurry, control the
scrubbing slurry buffer capacity (available alkalinity).
FGD performance can be maintained and optimized
over the entire range of operation (according to the
different coals in use) using the slurry buffer capacity.
This flexibility reduces the FGD lifecycle costs as
shown in figure 2. The advantage of the flexible design
disappears while using low sulfur coals. In low SO2
concentrations, the FGD efficiency is limited by mass
transfer from the flue gas to the liquid (the system is gas
phase limited) so the slurry alkalinity can no longer
improve the absorption efficiency.

FGD Life Cycle Cost Vs Sulfur Content in Coal
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Figure 2. Lifecycle cost of flexible and conventional
FGD design.

Fuel considerations
Studying the costs of flue gas cleaning must include

a discussion of fuel (coal) prices. The coal price usually
depends on its heating value and on it's content of
contaminants. Therefore, buying a cheaper coal will
increase the gas cleaning costs and vice versa.

"These typical coals enable to investigate the total
lifecycle costs when the sulfur content in the coal range
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between 0.8% to 1.8% while utilizing coals from
various sources of supply (this is a strategic demand).

Some of these coals can not be used by themselves
because of too high sulfur content or volatile matter, to
low fusion temperature etc. In this case a coal mixture
is formed. The coal mixer sulfur content will be in the
range between the sulfur content of the two mixture
basic components. Figure 3 depicts the coal mixture
price (on caloric base) versus its sulfur content This
figure also includes the strategic restrictions on coal
variety (avoiding the situation of only one major coal
source).

The typical baskets for 0.8%, 1%, 1.4% and 1.8%
sulfur are presented at table 4.

Table 3. Typical values for available coals.

L. heat vaiue
(kcal/kg)

Volatile

Sulfur (dry) %

Ash(dry)%

Price S/ton

SA

6500

39

0.8

9.0

40

BAC

5880

31

0.4

8.8

38

HS

7315

39

2.5

8.1

40

PSS

6050

25

0.6

18

38

ADARO

5407

41

0.1

1.0

31

Pcock

7830

10

4.5

0.5

32

Table 4. Coal consumption of 550MW power station.
Basket

Coal
consumption

Petcoke

Adaro

PSS

US

SA

BAC

Total

A

Id6

t/y

0.1

0.3

0.3

0.1

0.2

0.3

1.2

101J

kcal/y

0.5

1.7

1.7

0.6

0.9

1.4

6.7

3

10'
t/y

0.1

0.3

0.3

0.1

0.2

0.2

1.1

1012

kcal/y

0.6

1.6

1.5
1.0

1.0

1.2

6.7

C
1012

t/y

0.1

0.3

0.2

0.2

0.2

0.2

1.1

10'2

kcal/y

0.6

1.6

1

1.7

1.0

0.8

6.7

D

1012

t/y

0.1

0.3

0.1

0.3

0.2

0.1

1.1

10'2

kcal/y

0.6

1.6

0.6

2.4

1.0

0.5

6.7

As demonstrated, the recommended design coal is
with the higher possible sulfur content An upper limit
for the coal sulfur content is set by considerations of the
non-oxidizing corrosion that occurs in the boiler. The
corrosion occurs because of the high temperature,
sub-stochiometric environment of the low-NOx burners
and the presence of Hydrogen Solfides (H2S). There is
only a limited experience in utilizing high sulfur coal in
combination with low NOX burners in the world.

This subject is out of the scope of this paper, but the
uncertainty in it forms the upper limit for sulfur content
in coal. The authors recommend designing the power
station to around 1.5% sulfur. The save in utilization of
1.5% sulfur coal instead of 0.8% sulfur is 20 M$, the air
cleaning penalty reduce 8 M$ which leaves a net benefit
of 12 M$. Focusing on the flue gas cleaning equipment
and improving its design is helping to achieve this
benefit. As shown above, for the case of 1.5% sulfur
coal, reduction of 4 MS can be achieved in ESP and
another 5 M$ in the FGD.
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Figure 4. Relative Coal and gas cleaning levelized
lifecycle costs.
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Figure 3. Coal mixture price vs. sulfur content (on
caloric basis)

Conclusion
The design of clean air equipment should be based

on coal pricing, because using low cost and high sulfur
coal (or coal mixture) represent a potentially great
saving. This benefit in coal expenses is balanced by the
higher flue gas cleaning costs. An overall advantage is
demonstrated as depicted in figure 4.
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