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Abstract Residential buildings account for a significant portion of the total building-energy usage in Korea, and a variety
of research studies on the domestic boiler have therefore been carried out; however, most of these studies examined the
boiler itself, whereby the part-load ratio characteristics and the corresponding gas-energy consumption patterns were not
analyzed. In this study, the part-load ratio and operating characteristics of a domestic gas boiler were analyzed within a
residential building equipped with a radiant floor-heating system; in addition, the energy consumption between condensing
and conventional boilers was comparatively analyzed. Our results show that significant portions of the total operating hours,
heating load, and energy consumption are in the part-load ratio range of 0 through 40%, whereby the energy consumption
was significantly affected by the boiler efficiency under low part-load conditions. These results indicate that the part-load
operation of a boiler is an important factor in residential buildings; furthermore, replacing a conventional boiler with a
condensing boiler can reduce annual gas-energy usage by more than 20%.

Key words EnergyPlus(¢ll 1] %] & 2] 22), Residential building(5=71-8 715 &), Heating energy(tH ©l| 14 %]), Radiant
heating system(¥}5 E-A} W), Part load ratio(F-%5-31&)
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Step. 1 Modeling

+ Residential Building

+ Radiant Floor
Heating System

+ Residential Gas Boiler

+ In Inchon,
South Korea

+ Three-Story Building
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Fig. 1 The research methods and scope.
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Table 1 Properties related to heating system
C()Sri]l:t::;m Category Value
Depth of Tube Spacing 0.1524 m
Ra(z;a;tmlzioor Hydromgi;l“rﬁl;zrg Inside 0.013 m
Hydronic Tubing Length 350 m
Boiler Nominal Capacity 9,304 W
(Conventional)  Nominal Efficiency 0.835
Boiler Nominal Capacity 9,304 W
(Condensing) Nominal Efficiency 0.878
Pump Rated Flow Rate 0.000059 m®/s
(Variable Flow) Rated Power Consumption 1497 W

Table 2 Simulation condition(l)

Subcategory Value

82.3 W/person
(Sensible heat)

Category

People 57.7 W/person
(Latent heat)

4 Person
Internal load ) 3.88 W/m?
Lights
(per floor area)
Equipment 538 Wim?
quip (per floor area)
. 0.000302 m®s - m?
Infiltration .
(per exterior surface area)
Occupied 21.1C/239C
Heating and NOI? 13C/30C
. . occupied
cooling Setpoint
Hot water 5
C(Al
supply 60 C(Always)
Weekdays : 00 : 00~08 : 00
Heating and Occupied 19 : 00~24 - 00
cooling system The others : 00 : 00~24 : 00
schedule
Nom -\ eekdays © 08 1 00~19 : 00
occupied
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Table 3 The profile of cumulated hours according to
the part load ratio

Part-Load Cumulated Ratio Ratio
Ratio Hours (Operated) (Total)
0% 6,729 h - 76.8%
0~10% 298 h 14.7% 3.4%
10~20% 739 h 36.4% 8.4%
20~30% 564 h 27.8% 6.4%
30~40% 233 h 11.4% 2.7%
40~50% 45 h 2.2% 0.5%
50~60% 36 h 1.8% 0.4%
60~70% 21 h 1.0% 0.2%
70~80% 44 h 2.1% 0.5%
80~90% 53 h 2.6% 0.6%
90~100% 0h 0.0% 0.0%
Operated 2,031 h 100% 23.2%
Non Operated 6,729 h - 76.8%
Total 8,760 h - 100%
457
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Fig. 3 The profile of heating load according to the
part load ratio.
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. 4 The daily profile of the operating feature."”
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Fig. 5 The daily profile for random three days.
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Fig. 6 Boiler efficiency as a function of part load
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Fig. 7 Heating load and gas consumption according
to part load ratio."”

Table 4 Heating load and gas consumption according
to part load ratio

Part-Load Load Gas consumption(kWh)

Ratio(%)  (kWh)  Condensing  Virtual Real
0~10 194.1 198.3 216.5 272.6
10~20 1,030.6 1,057.0 1,144.2  1,439.0

20~30 1,295.9 1,339.1 1,429.7 11,7953

30~40 734.7 765.1 807.5 1,013.0
40~50 183.0 195.3 200.8 251.8
50~60 182.7 193.9 200.4 251.3
60~70 121.2 129.8 133.2 167.1
70~80 317.3 345.2 350.3 439.9
80~90 409.2 447.6 452.8 569.0
90~100 0.0 0.0 0.0 0.0

Total 4,468.8 4,668.5 4,9353  6,198.9
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Fig. 8 The gas saving according to the part load
ratio.

Table 5 The profile of the gas saving according to
the part load ratio(Case 1)

Part-Lpad Saving Savi-ng Efﬁciency
Ratio Portion Difference
0~10% 18.2 kWh 6.8% 8.2%
10~20% 87.1 kWh 32.6% 7.4%
20~30% 90.6 kWh 33.9% 6.0%
30~40% 42.4 kWh 15.9% 4.9%
40~50% 8.5 kWh 3.2% 3.9%
50~60% 6.5 kWh 2.4% 3.0%
60~70% 3.4 kWh 1.3% 2.2%
70~80% 5.1 kWh 1.9% 1.5%
80~90% 5.1 kWh 1.9% 0.9%
90~100% 0.0 kWh 0.0% 0.3%
Total 266.8 kWh 100.0% -

A TYs A8S 2R M BYEv AF8E Case
2R T el HA# 7t AFEE Case 3904 o] B2 A
T} HESH Case 19] A F 2¥87t A
3f A T &S et o FiEN
Zo e &A=z Qe AzkeFe] o]zt wAys)
o} el AEsl 240 BY3 a85 zh=
sto] = FEHel oAl o] afel wel 7k A}
2 2 Ageke] zpolrt WAEE Ao g Al HUL
8k Case 29 A9 0~100% A F-EH3HE 710

o [l 32 O 4z ¥

He
4

A 184%9) AT EEAES ol E 7} RET oS
TN A RREE

7)
o] zo]lZ wWPoW, Zt
T dFaEe] 45 o B 4
Witk olel 7]18te] A

A 0~40%2] W2 FEHekE 2704 Case 1,
Case 2, Case 39| & H71=F2] 89.3%, 73.0%, 75.8%%= At
Ash AR ALR R wEbA] S 2ol Ao &

460

Table 6 The profile of the gas saving according to
the part load ratio(Case 2)

Part-L.oad Saving Savi.ng Et."ﬁciency
Ratio Portion Difference
0~10% 56.1 kWh 4.4% 18.4%
10~20% 294.8 kWh 23.3% 18.4%
20~30% 365.6 kWh 28.9% 18.4%
30~40% 205.5 kWh 16.3% 18.4%
40~50% 51.0 kWh 4.0% 18.4%
50~60% 50.9 kWh 4.0% 18.4%
60~70% 33.9 kWh 2.7% 18.4%
70~80% 89.6 kWh 7.1% 18.4%
80~90% 116.2 kWh 9.2% 18.4%
90 ~100% 0.0 kWh 0.0% 18.4%

Total 1,263.6 kWh 100.0% -

Table 7 The profile of the gas saving according to
the part load ratio(Case 3)

Part-L.oad Saving SaVi.ng Efﬁciency
Ratio Portion Difference
0~10% 74.3 kWh 4.9% 26.6%
10~20% 382.0 kWh 25.0% 25.8%
20~30% 456.2 kWh 29.8% 24.4%
30~40% 2479 kWh 16.2% 23.3%
40~50% 59.5 kWh 3.9% 22.3%
50~60% 57.4 kWh 3.7% 21.4%
60~70% 37.2 kWh 2.4% 20.6%
70~80% 94.8 kWh 6.2% 19.9%
80~90% 121.3 kWh 7.9% 19.3%
90 ~100% 0.0 kWh 0.0% 18.7%

Total 1,530.5 kWh 100.0% -

d Ao AlgEt) B3k & d7EFe] /-9 Case 1, Case
2, Case 3914 Z}Z} 266.8 kWh, 1,263.6 kWh, 1,530.5
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Fig. 9 The regression analysis on the correlation
through the R2-Value.
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