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The study of Economics with respect to steam will cover the direct and indirect cost of steam and savings

accrued from Condensate and Flash recovery.

Heat saving calculation

Cost of steam
Cost of leaks
Cost of condensate

Cost of Flash

Heat saving calculation
Let us first understand how costs / savings are calculated. We know that,

Boiler Heat Output

Boiler Efficiency (1) = Boiler Heat Input

Boiler Heat Input is the energy from fuel, and boiler Heat Output is the energy in steam.
Boiler Heat Input = Qf x GCV
where,
Qf = Quantity of fuel (in kg/hr)
GCV (Gross Calorific Value) =Energy contained in fuel in kcal/kg
Boiler Heat Output = Qs x (Hs - Hw)
where,
Qs = Quantity of steam (in kg/hr)

Hs = Heat contained in steam (Enthalpy of Saturated steam hg)
Hw = Heat already present in the water from which steam is raised

Qs x (Hs - Hw)
7 "afx GCV of fuel
Qf = Qs x (Hs - Hw) kg/hr x kcal/kg
GCV xn kcal/kg
Qs x (Hs - Hw) x Cost of fuel
Cost of solid fuel = kg/hr x Rs/kg

GCV x n

To find out the fuel cost for liquid/gas fuels, we need to divide by the Specific gravity (p)

Qs x (Hs - Hw) x Cost of fuel

of that fluid.

Cost of FO / gas = litres/hr x Rs/litre

GCVxnxp

This is the basic equation we will work with for allocating fuel cost.
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CHARACTERISTICS OF FUEL OILS

Fuel Oils
Properties F.O. L.S.H.S H.P.S. L.D.O.

Density (Approx., kg/lit at15°C) 0.89-0.95 0.88-0.98  0.85-0.98 0.85-0.87

Flash Point, (°C) 66 93 93 66
Pour Point (°C) 20 2 2 1132((3\/:2;?)
G.C. V., (kcal/kg) 10, 200 10, 300 9, 500 10, 700
Sediment, % Wt. Max. 0.25 0.25 0.25 0.1
Sulphur Total, % Wt.Max 4.0 1.0 1.5 1.8
Water Content, % Vol.Max 1.0 1.0 1.0 0.25
Ash, % Wt.Max 0.1 0.1 0.1 0.02
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Cost of steam

Example 5.1. Let us take a 5TPH (tons per hour) oil-fired boiler, @10.5 kg/cm2g, using DM water at an
ambient temperature of 30°C.

Direct cost
First, we calculate the Direct costs of

Fuel
«  Water
«  Water treatment
«  Electricity
Fuel
Hs -H Cost of fuel
Cost of FO / gas = Qs x (Hs - Hw) x Cost of fue litres/hr x Rs/litre

GCVxnxp

5000 x (650 - 30) x 20
= 10200 x 0.85 x 0.9

Rs/hr

7945.66 Rs/hr

Assume the boiler operates for 24 hours a day for 335 days a year which is about 8000 hours per year. So,

Cost of FO =7945.66 x 8000 Rs/year = Rs. 635.6 lakhs/ year (A)

Water

A 5TPH boiler will use 5 tons of water per hour. Assume water cost as Rs. 10/klitre = Rs. 10/ ton of water.
So, Cost of water =5 x 10 x 8000 = Rs. 4 lakhs/year (B)

Water treatment
Assume DM water treatment cost as Rs. 30/Klitre. So,

Cost of treatment = 5 x 30 x 8000 = Rs. 12 Lakhs/year (C)
Electricity
Electricity is used by every boiler for running its feedpumps, blowers, controls, etc. assume electricity

consumption @ 40 Kw-hr. Also, take the cost of electricity at Rs. 4.50p per Kw-hr. So,

Cost of electricity = 40 x 4.5 x 8000 = Rs. 14.4 lakhs/year (D)
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Indirect costs
These are the costs of

«  Manpower
- Capital cost of -Space, Boiler cost, Depreciation

Manpower
Assume 3 IBR boiler Operators (salary Rs. 8000/year) and one boiler Supervisor (salary Rs. 10,000/year).
Total cost = Rs. 4.1 lakhs/year (E)

Capital cost
We will take out the cost of finance of both the space and the boiler.

Space cost. 5000 sq. ft of boilerhouse space x Rs. 400/sq.ft. = Rs. 20 lakhs.
Boiler cost. Rs. 50 lakhs

Finance cost of Rs. 70 lakhs = 0.15 x 70 = Rs. 10 lakhs/year
Depreciation of boiler = 0.15 x 50 = 7.5 lakhs/year

A total Capital cost = Rs. 17.5 lakhs/year (F)
AddingA+B +C + D + E +F, we get Rs. 687.6 lakhs for a 5 TPH boiler/year.

Or, Rs. 137 lakhs / ton / year, or, Rs. 1,719 / TPH !!
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Cost of leaks

Steam flow, kg/h, when steam pressure (in kg/cm2) is:
Orifice Dia
inmm 0.15 0.35 0.7 1 1.75 3.5 5.25 7 9 10.5 14 17.6 21
0.79 0.14 0.21 0.26 0.32 0.43 0.69 0.96 1.23 1.5 1.77 2.31 2.86 3.36
1.59 0.57 0.84 1.04 1.27 1.72 2.77 3.86 4.9 5.99 7.08 9.21 11.39 13.52
2.38 1.27 1.91 24 2.86 3.83 6.26 8.67 11.07 13.48 15.93 20.74 25.59 30.4
3.18 2.04 34 4.26 5.08 6.81 11.12 15.43 19.69 24 28.31 36.89 45.37 53.99
3.97 3.54 5.31 6.62 7.99 10.66 17.38 24.09 30.81 37.52 44.19 57.62 70.78 84.39
4.76 5.08 7.58 9.53 11.48 15.34 25 34.66 44.33 53.99 63.52 83.03 102.54 121.6
5.56 6.94 10.39 | 13.02 | 15.61 20.87 34.03 47.19 60.34 73.5 86.66 112.98 | 139.29 | 165.61
6.35 9.07 13.52 | 16.97 | 20.42 27.27 44 .46 61.71 78.49 96.19 113.43 | 147.46 | 181.94 | 216.42
7.14 1143 | 17.15 | 21.51 | 25.82 34.53 56.26 78.04 99.82 121.6 143.38 | 186.93 | 230.04 | 273.59
7.94 14.16 | 21.14 | 26.54 31.9 42.65 69.42 96.19 123.41 | 150.18 | 176.95 | 230.49 | 284.48 | 338.02
8.73 17.11 | 25,59 | 32.08 | 38.61 51.72 83.94 116.61 | 149.27 | 181.49 | 214.16 | 279.04 | 343.92 408.8
9.53 20.37 | 30.44 38.2 45.83 61.25 100.27 | 138.84 177.4 215.97 | 254.54 | 332.12 | 409.26 | 486.84
10.32 2391 | 35.75 | 44.83 | 53.99 72.14 117.51 162.89 | 208.26 | 253.63 299 389.75 | 480.49 | 571.23
1.1 27.72 | 41.47 | 5218 | 62.61 83.48 136.12 | 188.75 | 241.38 | 294.01 | 346.64 | 451.91 | 557.17 | 662.43
11.91 31.85 | 47.64 | 59.44 | 71.69 95.74 156.08 | 216.88 | 277.22 | 337.57 | 397.91 | 519.06 | 639.75 | 760.44
12.7 36.21 | 53.99 | 68.06 | 81.67 | 109.35 | 177.86 | 246.82 | 315.34 384.3 452.81 | 590.29 | 727.77 | 865.25
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Cost of Condensate

In the boiler , we heat water by suppling it energy in the form of heat. When the temperature goes above
boiling point of water it changes state & converts to steam. Steam is the form in which this heat energy is
now carried to the process. Lets say a jacketed vessel containing some liquid which needs to be heated.
When steam is supplied to this cooler material to be heated, the energy is transferred from steam which

new changes back to liquid state- i.e it condenses. This hot water is called condensate.

Unfortunately, in practice not all of this heat energy is transferred. Only 75% of the total energy carried by
steam is transferred. What happens to the rest? That’s right. It is now in the condensate. So, if the total
energy produced by the boiler is 100, units only 75 is transferred to the process. 25 units is trapped in the
condensate.

This condensate collects in the pipes which are at a high pressure. When condensate is drained out from
steam trap to a lower pressure, instantaneously some of the condensate re-evaporates as Flash Steam.
About half of the energy carried by the condensate can be cost in this way. So ,out of the 25 units of heat in
condensate 12.5 units just evaporates.

What is Condensate Management?
We have already explained condensate and flash steam. When we talk of removing condensate, recovering
it and receiving flash steam as well, this is called Condensate Management

It is easy to figure that collecting & recovering both condensate & flash steam is very critical not just in
money terms but also to prevent wastage.
How Much can Condensate recovery save the client?

+ Money Saving : Of fuel

« Money Saved : Of water Conserved

+ Money Saved : Of chemicals
Condensate return cuts cost of water
Condensate is after all water, and when returned to the boiler slashes water bills from the government, or,
reduces electricity costs if we are pumping it up from a nearby river.
Condensate is ideal Boiler feedwater
As condensate comes from pure steam it is distilled water with no dissolved solids. ( very low TDS). If
condensate is returned, the boiler needs lesser blowdown which is a big economic consideration as the

boiler loses energy each time it blows down.

W For blowdown and TDS talk see Chemistry / TDS section

Not just that, because we are recycling condensate, we save the cost of chemical treatments that we would
have to do, were we using fresh make-up water.

Condensate adds to boiler efficiency
When cold water is used to top up the boiler, naturally the boilers efficiency is compromised the lower the
feed water temperature, the lesser the steam a boiler produces.

The boilers “From and At rating” falls. Cold water put into the boiler might even lead to thermal shock.
Condensate saves chemical costs
As condensate is pure water, and it has already been treated, it can be used as is in the boiler. This cuts the

cost of water treatment, too.

How do we determine how much condensate recovery saves the client in monetary terms? Simple.
Condensate returned, means fuel saved. How much this fuel saving is, can be determined from the formula:
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Qc x (Hc - Hw) x Cost of fuel
Cost of FO / gas saved = Rs/hr
GCVxnxp

where,

Qc = Quantity of condensate (in kg/hr)

Hc = Heat contained in condensate (in kcal/kg)

Hw = Heat already present in the water at ambient tenmperature (in kcal/kg)

GCV (Gross Calorific Value) =Energy contained in fuel in kcal/kg
n = Boiler efficiency
p = Specific gravity of liquid/gas fuel

Example 5.2. Find the cost savings from one ton of condensate at 100°C, 0 kg/cm2g on an oil-fired boiler.

1000 x kg/hr x (100 - 30) kcal/kg x 20 Rs/litre
10200 kcal/kg x 0.85 x 0.88

= Rs. 183.5/ hour x 800 hrs = Rs 14.68 lakhs/year

Savings =

There is also the added savings from water and water treatment which is calculated similar to Example 5.1.
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Cost of Flash

If sufficiently hot condensate from a pressurized system is released to a lower pressure, some of that
condensate will have the heat necessary to become steam. This is called flash steam.

‘Flash steam’ is released from hot condensate when its pressure is reduced. Even water at room
temperature of 35°C would boil if its pressure were lowered far enough. It may be worth noting that water at
170°C will boil at any pressure below 7 kg/cmZ2g. The steam released by the flashing process is as useful as
steam released from a steam boiler.

Example 5.3. What is the total savings from 1 TPH condensate @ 7barg on oil?

First we use a flash separator to separate out flash at 0.5 barg.

The quantity of flash separated can be found from the formula:

(hyy -hy) X100

hfgz

% Flash steam generated =

Where,

hf1 = Enthalpy of water at the higher pressure kcal/kg

hf2 = Enthalpy of water at the flashing pressure kcal/kg
hfg2 = Enthalpy of evaporation at the flash steam pressure

% of flash steam generated = hf (7barg) - hf (0.5 barg) / hfg (0.5 barg) =172 - 111/ 532 x 100 = 11.5 %
The above formula, in fact, is used to make the graph below.

Quantity of flash is therefore, 11 % of 1000 kg/hr = 111 kg/hr
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Flash Steam Pressure

—0kg/cm’g =0.5kg/cm’g —1kg/cm’g =1.5kg/cm’g
18%
D 16%
O 14% = —
c
@ L—
O 2%t L g //
£ / L
9 10% -
2 2 —
c 8% V.
8 | 7
w 0, .
s 6% 7'Z
4%
2%
0% 2 3 4 5 6 7 8 9 10 11

Condensate Pressure (kg/cm? g)

Qf x (Hg - Hw) x Cost of fuel
GCVxnxp

Rs/hr

Fuel saving from flash =

111 kg/hr x (644.2 - 30) kcal/kg x 20 Rsl/litre
10200 kcal/kg x 0.85 x 0.88
= Rs 178.7/hour x 8000 hrs = Rs. 14.29 lakhs/year

Savings =

After removing flash, we will also recover condensate. The quantity of condensate available is
= (1000 - 111 ) kg/hr = 889 kg/hr

The savings from this can be found out similar to Example 5.2. It comes to Rs. 13.05 lakhs/year.
\&QER

us_l ...The savings from flash in most cases is as much, if not more than condensate.
o

Back to top

(c) Steamline 2008 Page 5.6 Economics



