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Abstract: Space heating and hot water supplying are usually done by utilizing combi boilers. Various kinds
of combi boilers are available. In the last years condensing type combi boilers have been introduced that have
high efficiency in comparison to conventional one. In the present study the impact of combi boiler type on
pollutant gas emissions was experimentally investigated. Three various combi boiler including condensing,
full condensing and conventional type combi boilers have been utilized in the experiments. Moreover, the
experiments have been conducted in various outlet hot water temperatures to determine the effect of
temperature. The achieved findings indicated that in all temperatures utilizing condensing and full condensing
combi boilers decreased NO, NO, and SO,, gas emissions considerably.

Keywords: Combi boiler, heating, condensing, pollutant gas emissions.

LPG Yakit Kullanarak Farkli Kombilerin Cevresel Etkilerinin Arastirilmasi

Oz: Binalarin 1sitilmast ve sicak su temini genellikle kombiler yardimiyla yapilmaktadir. Kombilerin farkli
tipleri mevcuttur. Son yillarda konvansiyonel kombilere gore yiiksek verimli yogusmali tip kombiler piyasaya
stirlilmiistiir. Bu ¢aligmada, kombi tipinin kirletici gaz emisyonu iizerindeki etkisi deneysel olarak incelenmistir.
Deneylerde yogusmali, tam yogusmali ve konvansiyonel tip kombi olarak ii¢ farkli kombi kullanilmistir. Ayrica,
sicakligin etkisini belirlemek igin deneyler ¢esitli sicak su sicakliklarinda gerceklestirilmistir. Elde edilen
sonuglara gore, yogusmali ve tam yogusmali kombiler tiim sicakliklarda NO, NOy4 ve SO,, gaz emisyonlarini
onemli dlgiide azaltmistir.

Anahtar kelimeler: Kombi, 1sitma, yogusmali, gaz emisyonu.

1. Introduction

By increasing energy demand renewable energy resources and efficient energy systems gain
importance day by day. Also, the amount of pollutant gas emissions from energy conversion
systems is another significant issue that should be taken in consideration. A major part of total
energy consumption is used in buildings and a big part of this energy is used for hot water providing
and space heating [1-3]. Space heating and hot water providing is usually supplied by combi boilers
in residential buildings. In the last years condensing type combi boilers have been introduced that
have higher thermal performance in comparison to conventional combi boilers. Different heating
systems and combi boilers have been studied by various researchers [4-6]. In some studies,
nanofluid was used to enhance the thermal performance of systems like heat pipe and combi boiler
[7-10]. In addition, turbulators have been used in heat exchanger to improve the efficiency [11]. The
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environmental effects of heating systems as an important issue have been studied by different
investigators. The environmental impact of combined heating system were studied by Haichao et al.
[12]. They used a model to analyze greenhouse gas emissions of heating systems. Their findings
showed the potential of combined systems to decrease CO, emission. In another study the energy
and environmental impact of domestic heating systems from 1999 to 2010 in Italy investigated by
Aste et al. [13]. They indicated that pollutant emissions reduction and energy saving can be
achieved by using new boiler technologies. Atmaca et al. investigated transient behavior of
conventional and condensing type combi boilers [14]. They said that condensing type combi boiler
has priority in terms of thermal performance and comfort. Vignali investigated the environmental
impact of two different combi boilers in three climatic regions in Italy [15]. Their findings showed
that condensing type combi boiler has 23% lower environmental effect in comparison to
conventional combi boiler. Bilanescu and Homutescu experimentally studied the performance of
condensing boiler [16]. Their results indicated that maximum 17.5% energy saving can be obtained
by using condensing type boiler.

In this study, the effect of conventional, condensing and full condensing combi boilers on pollutant
gas emissions has been experimentally analyzed. In the experiments liquefied petroleum gas (LPG)
was used to run combi boilers. Also, the effects of the intended temperature on pollutant gas
emissions was investigated.

2. Material and Methods
In this study, three different combi boilers including; conventional type combi boiler, condensing

type combi boiler and full condensing type combi boiler which produced by Buderus company have
been utilized in the experiments.

Figure 1. Conventional combi boiler components [17];

The components are given as 1. Expansion vessel 2. Fan, 3. Combustion chamber, 4. Burner, 5.
Ignition electrode, 6. Safety valve, 7. Inlet air vent, 8. Circulation pump, 9. Pump speed switch, 10.
Gas armature, 11. Pressure gauge, 12. Control panel, 13. System filling device, 14. Plate heat
exchanger, 15. Type label, 16. Pressure controller, 17. Detection electrode, 18. Water temperature
sensor, 19. Safety thermostat, 20. Draught diverter, 21. Differential pressure switch, 22.
Combustion air intake, 23. Exhaust gas outlet, 24. Temperature sensor, 25. Safety valve, 26.
Flowmeter.
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Figure 2. Condensing combi boiler [17].

In this figure, 1. Expansion vessel, 2. Waste gas temperature controller, 3. Heat exchanger, 4.
Manual air vent, 5. Condensate sensor, 6. Combustion chamber, 7. Burner, 8. Electrodes, 9. Safety
valve, 10. Automatic air blower, 11. Circulation pump, 12. Pump speed variator, 13. Condensate
trap, 14. Flowmeter, 15. Condensate discharge, 16. Pressure gauge, 17. Control key, 18. Mode, 19.
Control key, 20. Display, 21. Stand-by mode, 22. Front panel, 23. System filling device, 24. Gas
valve, 25. Control lid, 26. Temperature sensor, 27. Ignition electrode, 28. Combustion chamber, 29.
Temperature sensor, 30. Temperature controller, 31. Fan, 32. Combustion air intake, 33. Waste gas
duct.
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Figure 3. Full condensing combi boiler [17].

The components in this boiler as 1. System filling device, 2. Temperature sensor, 3. Condensate
drain, 4. Plate heat exchanger, 5. Waste gas temperature controller, 6. Gas pressure controller, 7.
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Maximum gas regulator, 8. Minimum gas regulator, 9. Expansion vessel, 10. Nitrogen filling valve,
11. Gas pipe, 12. Heating circuit outlet line, 13. Suction pipe, 14. Temperature sensor, 15. Inlet air
vent, 16. Igniter, 17. Waste gas duct, 18. Combustion air intake, 19. Control lid, 20. Differential
pressure switch, 21. Fan, 22. Waste gas backflow mixing unit, 23. Electrode Set, 24. Safety
thermostat, 25. Heat block, 26. Condensate trap, 27. Control lid, 28. 3-way valve, 29. Type label,
30. Circulation pump, 31. Safety valve, 32. Flowmeter, 33. filling and drain tap, 34. Control panel,
35. Pressure gauge

All of the selected combi boilers have the same heating capacity (24 kW) and could be run by both
liquefied petroleum gas (LPG) and natural gas. The main component of conventional type combi
boiler is shown in Fig. 1. The main component of condensing type combi boiler is shown in Fig. 2.
In the condensing combi boiler thermal energy recovered from combustion gases. In the condensing
combi boiler, a further heat exchanger is utilized to recover energy from combustion gases. Also,
the main component of full condensing combi boiler is shown in Fig. 3. In the full condensing
combi boiler condensation phenomena occur in the combustion chamber. This procedure causes to
enhance thermal performance of combi boiler.

Figure 5. Measuring pollutant gasemissions by ECOM J2KN analyzer
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In this study pollutant gas emissions including SO,, NO and NOy from three different combi boilers
have been experimentally analyzed. In this regard, ECOM J2KN emissions analyzer has been
utilized to determine the amount of pollutant gases including SO,, NO and NOy. Fig. 4 shows
ECOM J2KN emissions analyzer which was used in the analysis. In the experiments the
temperature of hot water was adjusted in 5 different temperatures (40°C, 45°C, 50°C, 55°C and
60°C) to determine the effect of working temperature on pollutant gas emission. Each experiment
was repeated three times to obtain more accurate results. Fig. 5 shows gas emission measuring in
combi boiler by using ECOM J2KN emissions analyzer. Technical specifications of ECOM J2KN

gas analyzer are presented in Table 1.

Table 1. Technical specifications of ECOM J2KN gas analyzer

MEASUREMENT (KEY) RANGE ACCURACY RESOLUTION
Cooygen (O) 0-21 % vol. + 2% Measured 0.1% vol.
Carbon Monoxide {C) 0-4,000 ppm = 2% Measured 1 ppm
Carbon Monoxide (V) 0-40,000 ppm + 2% Measured 1 ppm
Mitric Oxtide (M) 0-4,000 ppm + 2% Measured 1 ppm
Mitric Oxide (M) 0-400 ppm + 2% Measured 0.1 ppm
Mitrogen Dioxide (X) 0-500 pprm + 2% Measured 1 ppm
Mitrogen Dioxide (.X) 0-50 ppm + 2% Measured 0.1 ppm
Sulfur Dioxide (S) 0-5,000 ppm = 2% Measured 1 ppom
Combustibles (H) 0-6.00 % vol. = 2% Measured 0.01 % vol
Gas Temperaturs 32-1800F + 2% Measured 1degF
Ambient Temperature 0-250 F + 2% Measured 1degF
Draft / Pressure + 40" HO + 2% Measured 0.1% H.O
0: Correction 0-20% Oxygen

Smoke Scale 0-9

Carbon Dioxide CO. 0-C0. max of fuel Calculated

Efficiency 0-99.9% Calculated

Excess Air (Lambda) 1-infinity Calculated

3. Results

The effects of condensing and full condensing type combi boilers on energy saving is clear.
However, the environmental impact of combi boilers is important. The main aim of this study is to
determine the amount of SO,, NO and NOy pollutant gases in the flue gas. SO, gas emission in
various temperatures for different combi boilers is given in Fig. 6.
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Figure 6. SO, gas emission in different combi boilers
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As it can be seen in Fig. 6 the amount of SO, gas emission in conventional combi boiler is higher
than condensing and full condensing type boilers. In conventional combi boiler, the amount of SO,
gas emission decreases with increasing hot water temperature. But in condensing and full
condensing combi boilers, the amount of SO, gas emission slightly decreases with increasing the
temperature and then increases.

Figure 7 shows the variation of NO gas emission via temperature in various combi boilers. In the
conventional combi boiler, NO gas emission increases with increasing working temperature and
then continues at a constant value. However, in the condensing and full condensing combi boilers
NO gas emission increases with increasing working temperature.
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Figure 7. NO gas emission in different combi boilers
Finally, NOy gas emission variation with temperature in different combi boilers is given in Fig. 8. In

the conventional combi boiler, NO4 gas emission increases with increasing working temperature
and then continues at a constant value.
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Figure 8. NOy gas emission in different combi boilers
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However, in the condensing and full condensing combi boilers NOy gas emission increases with
increasing working temperature. Fig. 10-13 show the flue gas temperature in different working
temperatures for three various combi boilers. Flue gas temperature in the conventional combi boiler
has the highest value and in full condensing type combi boiler has the lowest value in all working
temperatures. In the condensing type combi boiler, an additional heat exchanger was mounted to the
combi and recover the sensible and latent heat in the flue gas.

The result of recovering available heat in the flue gas cause to decrease in the temperature of outlet
flue gas of the combi boiler. Full condensing type combi boiler has lower flue gas outlet
temperature in comparison with condensing combi boiler because condensing phenomena take
place in the combustion chamber. Synchronous realization of combustion and condensation
processes in the combustion chamber lead to more reduction in flue gas temperature and improve
efficiency of combi boiler. Eventually, low energy is needed to obtain the same thermal
performance by utilizing condensing technology.
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Figure 10. Flue gas temperature for 45°C outlet hot water
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Figure 11. Flue gas temperature for 50°C outlet hot water
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Figure 12. Flue gas temperature for 55°C outlet hot water
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Figure 13. Flue gas temperature for 60°C outlet hot water
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4. Conclusion

Combi-boilers are domestic heating boilers which can be mounted on kitchen or bathroom wall to
provide both heating and domestic hot water.

In this experimental study the influence of combi boiler type on pollutant gas emissions was
analyzed.

In this regard conventional, condensing and full condensing combi boilers were selected for the
experiments. The emissions analyzer was used to measure NO, NOx, SO, values of the under test
combi devices. The analysis were conducted in various hot water outlet temperatures to illustrate
the effect of temperature. Generally, it could be indicated that using condensing and full condensing
type combi boilers could decrease pollutant gas emissions in comparison to conventional one.
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