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ABSTRACT

Combustion type furnaces used to melt metals for casting or to heat materials
for change of shape or change of properties have low energy efficiency due to
energy losses in different areas and forms, especially in the form of exhaust gases.
There are many ways to recover the waste heat of exhaust gases. Most of them use
the sensible heat in flue gases for combustion air preheating, charge preheating and
to generate steam or hot water. In this study economic analysis is applied to a
furnace for forging equipped with combustion air preheater. The thermal efficiency
increases from 14.86% to 21.87% and the yearly total running cost decreases from
720542 € to 716532 €, that means an economy of 4010 € per year. This analysis
provides information on investment cost and the economic and environmental
benefit by using the waste heat for combustion air preheating.
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1. INTRODUCTION

The purpose of a heating process is to rise the
product temperature by introducing a certain amount
of heat into product. The product heating in furnace is
accompanied by heat losses in different areas and
forms such as: stored heat in furnace structure; heat
losses through furnace walls; material handling
losses; cooling media losses; radiation (opening)
losses; lose due to air infiltration and wasted heat in
exhaust gases. Thermal efficiency of furnaces used as
heating equipments, is the ratio of heat delivered to a
material and heat supplied to the heating equipment.
Most furnaces have lower thermal efficiency than
boilers, typically in the range 5% to 35%. This is
mainly because the generated heat is in great extent
wasted. To increase the furnace thermal efficiency
one can proceed to the following techniques:
combustion enhancement that leads to reduced fuel
consumption and reduced pollutant emission; furnace
thermal insulation to reduce the heat loss through the
furnace walls and heat recovery contained in
exhausted gases.

In an energy system the user is interested to
know the true cost of utility is produced in order to
identify processes that less economically efficient,
and the choice of technical options to improve system
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efficiency. This analysis uses flows of energy, costs
and flows of other resources and flows of pollutants.
The environmental degradation is taken into
consideration by considering the taxes on pollution.

A large number of different techniques for waste
heat recovery have been investigated by numerous
researchers. The main task of researchers is designing
efficient and cost effective systems that also meet
lower capital and running costs and environmental
conditions.

This paper applies economic analysis to a
combustion forging furnace that will be equipped with
a heat recuperator to preheat combustion air by using
waste heat in exhausted gases. The analysis provides
information of the financial effort to equip the furnace
in order to increase the energy efficiency of furnace.

2. SYSTEM PRESENTATION

Physical model of a fuel fired forging furnace
equipped with heat exchanger for air preheater by
using heat in exhausted gases is shown in Figure 1.

The furnace uses natural gas with the following
composition: CH4=97.9%, C,H;=0.8%, N,=1.2%,
C0,=0.1% and lower heating value of 35420 kJ/Nm®.
The natural gas is burnt with excess air of 10%.
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Fig. 1. Furnace scheme.

The furnace introduces heat in metal bars with
dimensions 70x70x400 mm, made of steel carbon.
The furnace capacity is 315 kg per charge and the
total time of heating is 1.7 hours.
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Inside furnace temperature is 1169°C and
surface temperature of metal parts is 850°C. Exhaust
temperature of flue gas decreases from 1054°C to
120°C (lower limit to avoid dew point) and
combustion air temperature increases from 20°C to
772°C by using heat recovery. Higher combustion air
temperature leads to increased adiabatic temperature.
To maintain constant heat flow introduced in metal
parts it is necessary to reduce fuel flow rate to balance
the higher adiabatic temperature. A lower fuel flow
rate means a lower combustion air flow rate. This
means the combustion air fan has the same power
since the gazodinamic resistances supplementary
introduced by combustion air preheater are balanced
by lower air flow rate through furnace and air
preheater. The furnace operation parameters are
shown in Table 1.

Table 1. Operation data for forging furnace (metal bars heating).

Without combustion [With combustion air
Parameter . . .

air preheating preheating
Capacity (kg of metal parts) (steel
Wi‘§1 0.5}‘,’/5 c%lrbon) parto 315 ke 315 kg
Total time for heating 1.7 hours 1.7 hours
Natural gas flow rate, B 20.14 Nm’/h 13.68 Nm’/h
Combustion air flow rate 227 Nm’/h 154.17 Nm’/h
Air fan power, Wy 250W
Initial temperature of metal parts 20°C
Final temperature of metal parts 850°C

Specific heat of steel

C,(20°C) = 0.42 kJ/(kg-grd)
C,(850°C) = 0.685 kJ/(kg-grd)

Initial temperature of combustion air 20°C
Temperature of preheated air - 772.7°C
Exhaust gases temperature 1054°C 120°C
3. ECONOMIC MODEL Cel “Wa " Tgp
T 3000 “

For the given system, the total yearly running
cost, considering the environmental costs is expressed
by the following equation:

Ct =Crpi +C¢ +Cg +Cepy 'FZI(::I “‘ZI(:)M €] (D

where:
Cinpi - cost of metal parts introduced in furnace:

Cmpi = rﬁmp “Crmpi * Top [€] (2)
mmp - flow rate of heated metal parts, kg/s;
Cmpi — specific cost of raw metal parts, €/kg;
Ty - yearly operation period (s);
C; — fuel cost:
Ct =B-Cs -LHV - 14y [€] 3)

B - fuel flow rate, Nm’/s;

¢t — specific cost of fuel, €/ kJ;

LHV — lower heating value of the fuel, kJ/Nm®.
Ce - cost of electricity consumed by air blower:
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Ce — electricity cost, €/kWh;
War — power of air fan, kW;
Ceny — cost rate connected to taxation applicable to
fuels for industrial or commercial use established by
the Council Directive 2003/96/EC of 27 October 2003
restructuring the Community framework for the
taxation of energy products and electricity:

Ceny = B-LHV - 74, - Cpg [€] (%)
Chg —current taxation applicable to natural gas for
industrial or commercial use (Table 2).

Table 2. The minimum levels of taxation applicable to
fuels for industrial or commercial use [1].

Fuel Current minimum excise rates
Diesel 21 €/1000 1
Kerosene 21 €/10001
LPG 41 €/1000 kg
Natural gas 0.3 €/GJ
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Z,(::I - capital cost of furnace:

Z5' =CA-¢ [€] ©)
¢ =1.06 is maintenance factor
CA - annual capital cost:
CA=PW -CRF(i,n) [€] 7
PW - present worth of furnace:
PW =Cy —S-PWF(i,n) [€] ®)
i =10% is annual rate of return;
n =25 years is furnace life period;
Cy — furnace capitalized cost (€);
S - salvage venue:
S=Cy-]j ©)
j=12% is effective rate of return
PWF - present value:
PWF = ! (10)
(1+i)"
CRF - capital recovery factor:
.y n
CRF = A+ (11)
i+D"-1

The total annual capital cost of furnace
becomes:

- n -
ZE' =Ck~(p-i~(l+l_)—n_1 [€]
(1+i)" -1

The capital cost of tubular air preheater was
estimated using the following equation [2]:

Cy =5910.69 +303.98- 5% [€]
where S is heat transfer surface, m>.

(12)

(13)

z,?M - operation and maintenance cost rate of the

furnace, €.
From equation (1) we can find the specific cost
of heated metal bars:

Ct +Cq +Copy +ZE' +Z8F

Cmpo - Cmpi =

- [€/kg]
mmp “Top
(14)

Using data from Table 1 the following costs
were obtained:
- specific cost of heated metal bars without waste heat
recovery:

Crpo~Cmpi = 0.055 €/kg

- specific cost of heated metal bars with waste heat
recovery for combustion air preheating:

Cmpo-Crpi = 0.046 €/kg

The contribution of each cost component to the
cost of heated metal bars is shown in Figure 2. It can
be seen that the fuel cost has the highest weight
(59%), followed by the operation and maintenance
cost (33%), capital cost recovery (4%), environmental
cost (2%) and electricity cost (2%). The
environmental cost represents 2% of the specific cost
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of heating metal bars when the tax of energy products
and electricity are paid.

@ Fuel cost

B Electricity cost

O Environment cost
5905 @ Capital cost

O Operation and
maintenance cost

Fig. 2. The weights of different costs in the specific
cost of heating metal bars (without waste heat
recovery).

Comparative contribution of different costs in
total cost of furnace running is shown in Figure 3.

16000
14000 -
12000 -
10000 -
8000 -
6000
4000 -
2000

O Costs without heat
recovery

B Costs with heat
recovery

Cost, EUR

Fuel cost
Electricity cost
Capital cost

Environment cost
cost

Operation and maintenance

Fig. 3. Contributions of different costs in total cost of
furnace running.

Though the recovery cost of capital expenditures
increased by purchasing and installing tubular air
preheater with heat exchange area of 16m” and an
overall  heat  exchange  coefficient = U=20
kW/(m*degree) the total yearly cost of furnace
running decreased from 720542€ to 716532€ leading
to an economy of 4010 € due to reduction of fuel cost
from 15091 € to 10250 €.

4. CONCLUSIONS

Industrial combustion type furnaces have low
thermal efficiency due to heat losses. There are many
researches on techniques for heat recovery. The
engineer’s interest is designing efficient and cost
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effective systems that also meet lower capital and
running costs and environmental conditions.

By installing a tube air preheater with heat
exchange area of 16m? and an overall heat exchange
coefficient U=20 kW/(m*degree) the total yearly cost
of furnace running decreased from 720542€ to
716532€ leading to an economy of 4010 € due to
reduction of fuel cost from 15091 € to 10250 € and
reduction cost related to tax of energy products and
electricity established by the Council Directive
2003/96/EC of 27 October 2003 restructuring the
Community framework for the taxation of energy
products and electricity.

The capital cost 8704 € of air preheater can be
recovered in less than 3 years.

The furnace thermal efficiency increases from
14.86% to 21.87%.
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