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Abstract. In this paper, we present an analysis of experimental comparative combustion on different types
of installations for the heating of warm water of a building. The combustion analysis has been effected
before and after the replacement of traditional boiler with a condensing and with ceramics matrix burner.
Moreover, it was integrated with an elliptic thermal solar collector. The condensing burner works near
stochiometric conditions, reduces the losses of heat fuel, allow a notable energetic saving and reduces the
pollution by decrese of CO, quantities.

1. Introduction

In recent years in Europe, the need to comply with international obligations and commitments in the field
of emission reductions (eg Kyoto Protocol), together with the achievement of efficiency targets in the final
uses of energy, it has imposed to the heat generators industries, the choice of production between low-cost
traditional equipment with low performance and more expensive innovative and advanced equipment with
significant benefits during operation. One of the greatest achievements by the manufacturers of generating
heat in this view, was the development of condensing boilers.

The Fig. 1 describes the classification given in the standard law UNI EN 297 (boilers open burn chamber
combustion) and UNI 483 (boilers close burn chamber combustion). We observe that the boilers are divided
into 5 classes according to the production of nitrogen oxides (NOy). The last three darker columns represent
the emissions of nitrogen of certain types of condensing boilers [1].

In the Fig. 2, 3 and 4, there is shown a comparison among three types of installation: the first with
traditional boiler, the second with condensing boiler and the thirth optimized with the solar integration
through boyler- elliptic solar collector sistem. The Fig. 2 shows the scheme of installation with traditional
boiler of 35 kW thermal burn power, with a gas burner nozzles, connected to a 120 liters boiler for the
production of sanitary warm water.

After the replacement of traditional with a condensing boiler, the hydraulic scheme is not changed
conceptually, but it is simplified as shown in Fig. 3, removing some components (probe, anti-condensate
pomp and mixer valve).
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Fig. 1 — Classification of the boilers in function of the (NO,) pollution emission

The condensate, in this case, is formed because when it is buned 1 m® of methane we obtaine 2 m® of
water vapor contained in the combustion products, which, acrossing the heat exchanger, gets cool below the
dew-point temperature of ~ 327 K (54°C), where it begins the change of state [2].
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Fig. 2 — Scheme of the existing installation: 1) traditional boiler, 2) boiler for warm water, 3) disaerator, 4) pump anti-
condensate.

Therefore, it begins the transfer of latent heat of condensation on the heat exchanger. The wide
modulation (16 to 100%) of the thermal capacity of this type of boilers can avoid the installation of anti-
condensate pump and mixer valve.
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Fig. 3 — Scheme of the installation with condensing boiler; 1) condensing boiler, 2) boiler for warm water, 3) vertical
separator among hydraulic circuit of condensing boiler and that of utilizators respectively, 4) three-way valve

The thermal power can be adapted to the contingent requirement in every moment improving the
performance of the heat generator, by producing more condense and reducing in this way the level of the
return temperature of the boiler. The electronic controller of the condensing boiler, allows the variation of
the temperature of the vector fluid in function to the outside temperature.
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Fig. 4 — Scheme of the installation of combined heating boiler-elliptic solar collector: 1) The condensing boiler with
equipped boiler of capacity 14 /; 2) Elliptic solar collector with accumulation; 3) Incorporated boiler

The communication between the electronic controller and the external temperature probe allows
continuous modulation of the burner.

The integration of the condensing boiler by an elliptic solar collector (Fig. 4), with incorporated
accumulation, subsequently reduces the pollution emissions [3].

This case have been analyzed in a first period without elliptic solar collector, in a second period with
elliptic solar collector. The elliptic solar collector 2), have been hydraulic connected in series to boyler 3).

2. Analysis of combustion for a concret case ()

In the Tables 1, 2 and 3 there are presented three trials, the first on the traditional boiler, the others
on condensing one. The percentages of polluants and the characteristic parameters of combustion were
measured at a temperature of the hydraulic circuit water of 343 K (70°C), as required by European law. The
analysis was implemented on the traditional installation showed in Fig. 1 only at 100% thermal load, because
the traditional boiler had not the modulation device. For the condensing installation showed in Fig. 2, the
analysis was implemented at 100% and at 30% of the thermal load. Tables 1, 2 and 3 summarize the average
of three tests performed on each installation.

Table 1. Experimental text of combustion on traditional boiler at 100% of thermal load and at 343 K (70°C)
water temperature in the circuit

T T, 0, CO . » CO, CO., NO, NO, Qs m. Ap
°C °C % ppm % ppm  ppm mg/kWh % % hPa
1111 16,9 11,40 24 2,07 53 53,00 117,32 204,60 7,10 92,90 -0,02
109,9 16,6 11,20 25 2,00 51 55,00 117,82 205,48 7,00 92,70 -0,02
112 17,2 11,60 23 2,15 5,6 51,00 118,14 206,03 7,20 93,00 -0,02

average values
111,00 [ 1690 | 1140 | 2400 [207] 53 [5300[117,76] 20537 [7,10[92,87]-0,02

Table 2. Experimental text of combustion on condensing boiler at 100% of thermal load and at 343 K (70°C)
water temperature in the circuit

T; T, 0, CO A CO, CO,, NO, NO, Qs N Ap
°C °C % ppm % ppm  ppm mg/kWh % % hPa
49,1 12,9 4,70 19 1,29 9,1 24,00 10,67 18,61 1,80 98,20 -0,02
48,0 12,8 4,50 17 1,28 9,0 22,00 10,75 18,75 1,78 98,00 -0,02
51 13,0 4,90 21 1,31 9,3 26,00 10,79 18,82 1,82 98,40 -0,02

average values
49,37 J1290] 470 | 1900 J129] 91 J2400] 1074 1873 [1,80]98,20]-0,02

(') Analysis of combustion of the heating installation modified with condensing boiler in the house situate in
Via Pasubio 31, - Novara-Italy



Table 3. Experimental text of combustion on condensing boiler to 30% of thermal load and at 303 K (30°C)
water temperature in the circuit

T T, 0, CO A co, CO,, NO, NO, Qs =n. Ap

°C °C % ppm % ppm  ppm mg/kWh % % hPa

28,8 12,9 5,20 9 1,33 8,8 12,00 9,52 16,61 0,80 99,20 -0,05

27,0 12,5 5,15 8 1,30 8,6 10,00 9,60 16,75 0,77 98,90 -0,05

30,6 13,3 5,25 10 1,34 9,0 14,00 9,64 16,82 0,83 99,50 -0,05
average values

2880 [ 1290 520 | 900 [132] 88 [1200] 959 | 16,73 [0,80[99,20[-0,05

The differences between traditional boiler and to condensing boiler (figures 2 and 3) are established
on the following data:

V.=6301m’, V,.=3884 m’, AV, =2417 m’, P’ = 31,4 kW, P,”’= 33,6 kW, H, (t = 288 K) = 34,4 MJ/m’ 1’
=0,6, 71, =0,79,

defined respectively: (methane consumed through traditional boiler, purged of the volum utilised with
kitchen), (methane consumed through condensing boiler, purged of the volum utilised with kitchen),
(difference of methane consumed after substitution with condensing boiler), (thermic power of a traditional
and condensing boiler), (net heat value of fuel), (season efficiency of the boilers)

The differences between the single condensing boiler and the one with elliptic solar collector with
incorporated accumulation (Fig. 4), are established on the following data:

Ve =2472m°, V.os = 2046 m’, AV, = 426 m’,

P.=33,6 kW, H,= 34,4 MJ/m’, n, = 0,79

defined respectively: (volum of methane consumed through condensing boiler, purged of the volum utilised
with kitchen), (volum of methane consumed through condensing boiler with integration boyler-elliptic solar
collector, purged of the volum utilised with kitchen), (difference of the volum of methane consumed after
introdaction the device boyler-elliptic solar collector), (thermic power of condensing boiler), (net heat value
of fuel), (season efficiency of the boiler)

The methane consumption considered, didn’t include the methane consumption of the kitchen.

The power electric consumption has been neglected, because it represent only 0.7% of methane
consumption.

In the Tables 1, 2 and 3 of the experimental tests, the term NO, identifies two distinct products: NO,
NO,, known as: NO prompt and NO thermal.

The first it is produced on the front of the flame oxidation, when combustion occurs in the absence
of air. The phenomenon begins at around 700°C temperatures, while on front of the flame oxidation the
temperature exceeds a lot this threshold, so the reaction occurs immediately. The second depends only on the
temperature, it occurs downstream of the burner flame and it is characterized by the combination between
nitrogen and oxygen contained into the excess of combustion air. The phenomenon occurs at temperatures
above 1300°C necessary for the dissociation of oxygen O, into radicals O and for breaking the nitrogen
molecular bond. The reaction proceeds very slowly, so the amount of NO produced depends also on the time
of the flue gas transit in the hot zone of combustion.

In the case of methane combustion, the NO obtained consists essentially of 90% NO thermal and of
10% NO prompt. The NO tends to turn into NO, very quickly, by reacting with oxygen in the air, outside the
boiler.

So, the formation of nitrogen oxides during combustion is obtained by:

» the prolonged stay of the products of combustion in the combustion chamber at high temperature

* high concentration of oxygen in the flame, due to high excess air

The reaction of methane combustion, in the hypothesis of dry air, is as follows:

(1) CH42(1+¢) (0,+3.76'N;)—CO,+2H,0+2£0,+2(1+¢):3.76'N,
For condensing boiler:

2a) CH, + 2(1+0.3) O, + 2(1+0,3) 3,76 N, —CO, + 2H,0 + 2(0.3) O, +
2(140.3) 3.76 N,



(2b) CH;+2.60,+9.8N, —»CO,+2H,0+ 0,6 O, + 9.8 N,
For traditional boiler:

Ga) CH, + 2(1+1.07) O, +2(1+1.07) 3.76 N, —CO, + 2H,0 + 2(1.07)
0, +2(1+1.07) 3.76 N,

(3b) CH4+4.14 O, + 15,5 N, -CO, + 2H,0 +2.07 O, + 15.5 N,

The sum of the combustion products is called wet gas volume. Subtracting by this one two water
molecules we obtained the dry gas volume.

The dry gas volume obtained from the traditional boiler is higher then the dry gas volume obtained
from the condensing one, of 63%:

100
18,57-11,4)-
(4) (18, A4) 2

s

=63%

Knowing that the fuel saving is equal to 2416 m’ after the replacement of the traditional boiler with
the condensing one, the saving mass of methane is:

5) meps = 2416 m® - 0.71 kg/m® = 1715 kg (CH,)

We underline that in the case of condensing boiler connected with to the elliptic solar collector, this
mass of methane and CO, are subsequently reduced of 15% in comparision to traditional boiler. With a
simple stoichiometric calculation, the saving mass of methane can be obtained the CO, mass produced per kg
of methane burned (1 kg of CH, burned produces 2.75 kg of CO,):

Xe MM :
©) co, _ o, Xco, = 144 2.75kg (CO,)
mey, MMy, 16

Knowing the mass in kilograms of methane saving, the CO, introduced into the atmosphere is
reduced to:

(7) Mmcos = 1715 kg(CH.) - 2.75 kg(CO,) / kg (CH,) = 4716 kg (CO,)

Both types of boilers burn properly and with a certain excess of air. The small percentage of CO
formed by both types of boilers is due to the formation of oxygen-poor areas in the air-fuel mixture which is
not perfectly mixed.

We must however, do not exceed with the excess of air because greater is the air, greater is the heat
loss of the stack (the combustion process involves only the of theoretical air mass).

Provide more oxygen would favor the formation of CO,. The high value of CO, indicates a complete
carbon fuel combustion. It is important to optimize the combustion in order to obtaine the CO, percentage as
high as possible that means the maximum performance of the combustion process. The CO,, is not polluting,
but it contributes to increase the greenhouse effect.

The nitrogen volume increases directly proportional with the excess of air and however doesn’t
exceed the percentages established in Fig. 1. We can observe, from the experimental results, the strong
reduction of CO and NOy produced with condensing boiler, about 3.5 times for CO and approximately 10
times for NOy in comparision to those produced with traditional boiler. The traditional boiler doesn’t take
place stoichiometric conditions, so we have a high level of air excess consequently, of O, residue. Therefore
combustion products are very diluted, justifying the fact that the largest quantity of air that across the
combustion chamber increase the losses by stack O, from 7.1% to 0.9%. This strong dilution, reduces the
flue gas temperature Trunder the real value suggesting an increase of the measured performance.

The combustion performance of heat generator can be obtained by the ratio dividing the difference
between the heat quantity burned by the generator (nominal thermal rate P,) and those dispersed to the stack
(Qy) with to the nominal thermal rate.
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This value can be obtained also appling the following empirical formula:

4
. =100—[c702+ BJ(T, -7,)

A+B-CO,
co,

)

K
R e R

2

where the term after the minus sign, represents witha good approximation, the loss of heat in according with
Hassenstein and K, [1/°C] is the constant of Hassenstein [4].

The formula is a function of three sizes 7y 7,, CO,, but in order to increase performance, we can
modify only two of them, 7yand CO,. So, the performance improves by decreasing of 7y and increasing CO,

This principle is the basis of the condensing boiler, which cools the combustion products throughout
a heat exchanger/condenser surface very wide and also it exploits the principle of pre-mixing in order to air-
fuel to minimize the quantity of secondary air, maintaining a high percentage of CO,.

We don’t must overlook that increasing the percentage of CO, contained in the combustion products,
we obtain an increase of the dew point temperature, allowing greater condensation. In the specific case of the
stoichiometric combustion of methane (11.7% CO; in the flue gas), the dew-point temperature reaches 332 K
(59°C). The diagram in Fig. 5 shows this aspect.
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Fig. 5 — Variation of dew point temperature in function of CO, contained in products of combustion

The CO, obtained is correlated to the air excess from the diagram of Fig. 6. We can see how the
increase of air excess in the combustion, leads to a decrease percentage of CO,, and also to a decrease of the
dew point temperature. It is demonstrated that in the condensing boiler the measured performance represent a
real value of the heat generator, while in the traditional boiler the stack draft alters its performance measure.
The combustion performances measured, are higher than those indicated by DPR 660/96 Annex II and VI.
The law imposes for traditional boilers, the values of the minimum performance levels at the power
corresponding to the thermal load 100% and to the thermal load 30%. In both cases the temperature of the
fluid in the generator, must be 343 K (70°C). The same law imposes in the case of condensing boilers, a fluid
generator temperature of 343 K (70°C) of thermal loads 100% and 303 K (30°C) of thermal loads 30%. The
formulas which determinate such values of performance for both types of boilers at the feed warter
temperature aforesaid are the following:
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Fig. 6 — Variation of dew point temperature in function of excess air coefficient in the combustion



For traditional boiler:
- thermal load 100%, ¢,, = 343 K;
n.= 84+ 2logP, =84+21log31.4=87%

For condensing boiler:

- thermal load 100%, ¢,, = 343 K;

n.= 80+ 3logP, =91 +310g33,6=95.6%
- thermal load 30%, t,, = 303 K;

n.=97+ logP, =97 + log 33,6 = 98,5 %.

3. Conclusions

The condensing boilers, have a notable improvement of the thermal exchange, a high-performance
and produce low polluant emission, reducing the consumptions and the pollution in the environment. It
demostrates a high performance reducing notably the pollutant emissions sub limits imposed by the
legislation. The condensing boiler allowes a reducing of NOx a 10 time and CO 3.5 times and it reduces the
losses (Qs) from stack from 7.1% to 0.9%. We conclude that it’s important to consider this connection
between condensing boiler and the elliptic solar collector, because even if we obtain an energetical saving
fuel of only 15%, we certainly have an ecological advantage.

In the future, the installations with this kind of boilers connected to the described hydraulic systems
burning to low temperatures, can reduce the nitrogen oxides responsible of the acid rain, and the greenhouse
effect.
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