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Computer Simulation to Predict Operating Behavior of a Gas Engine Driven

Micro Combined Heat and Power System

.. t L
Woojin Cho, Kwan-Soo Lee , In-Kyu Kim
School of Mechanical Engineering, Hanyang University, Seoul 133-791, Korea
‘LG Air Conditioning Company, Changwon 641-713, Korea

(Received August 16, 2010, revision received November 10, 2010)

ABSTRACT: The present study developed a computer simulation program to determine the
optimum strategy and capacity of a micro combined heat and power(CHP) system. This simulation
program considered a part-load electrical/thermal efficiency and transient response characteristics
of CHP unit. The result obtained from the simulation was compared with the actual operation of
30 kW gas engine driven micro CHP system. It was found that the simulation could reproduce
the daily operation behavior, such as operating hours and mean load factor, closely to the actual
behavior of the system and could predict the amount of electrical/thermal output and fuel
consumption with the error of less than 129%.
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Table 1 Specification of a combined heat and
power system

Specification Description
Model name LG Hybrid Cogen
Output 3p3w, 380 V, 60 Hz
Rated electrical output 30 kW
hermal sorse
Backup boiler capacity 20 kW
Max. fuel consumption rate 8.4 m3/hr

Table 2 Measuring instruments and their

resolutions
Measurement Instrument Error[%]
Power load Watt transducer 2.0
Electrical output Watt transducer 2.0
Heat load Flowmeter 0.25
and heat output RTD 0.15
Gas consumption Turbine flow meter 0.50




Table 3 Operating parameters and values

Operating parameter

Value

Minimum power load
to start the CHP unit(pioad,min)

Clearance between desired electrical
output and power load(pciear)

Desired temperature range
of reservoir water
(Tzsz,min to Tlsl,max)

15 kW

8 kW
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Fig. 4 Unit-step response of the CHP unit’s
electrical output.
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Table 4 Comparison of simulated daily operation results with experiments for twelve-month—period

M | Electrical output | Thermal output |Fuel consumption Electrical Thermal Energy cost
0 [kWh/day] [kWh/day] [kWh/day] efficiency [%] efficiency [%] [103 won/day]
n
fl Exp. Sim. Err. |Exp. Sim. Err. |Exp. Sim. Err. |Exp. Sim. Err. |Exp. Sim. Err. |Exp. Sim. Err.
1 101 104 3.0% | 446 444 -04%| 673 651 -3.3%|150 155 65% |66.3 682 29% |349 333 -4.5%
2 98 101 3.1% | 428 432 09% | 652 641 -1.7%|150 155 48% |656 674 2.7% |33.8 329 -2.6%
3 103 105 1.9% | 402 372 -75%| 623 568 -88%|165 169 12% |645 655 15% |323 288 -11%
4 1101 97 -4.0%] 306 310 1.3% | 506 487 -3.8%|20% 19% -0.2%|605 637 53% |244 235 -3.7%
5 97 100 3.1% | 301 305 1.3% | 499 481 -36%|194 200 7.0% |60.3 634 51% |242 23.0 -53%
6 91 87 -44%| 283 278 -18%| 463 438 -54%|19.7 188 -1.1%|61.1 635 3.8% |21.9 207 -57%
7 89 82 -79%| 248 257 36% | 411 408 -0.7%|21.7 200 -72%|60.3 63.0 4.4% |16.2 167 2.9%
8 84 94  12% | 244 256 49% | 400 427 6.8% |21.0 235 4.8% |61.0 60.0 -1.7%]|16.0 16.7 4.2%
9 82 16 -T73%| 247 241 -24%| 401 372 -72%|204 190 -01%|61.6 648 52% |188 175 -7.2%
10 | 92 84 -87%| 268 253 -56%| 438 400 -87%|21.0 192 -0.0%|61.2 633 34% |208 19.0 -87%
11 98 92 -6.1%| 372 384 32% | 579 577 -03%|169 159 -58%|642 66.6 3.6% |283 296 1.0%
12 | 97 98 1.0% | 395 397 05% | 605 591 -2.3%|160 162 34% |653 672 29% |309 30.0 -3.0%
L& Zterh odux] 283 &HdRES AdYALt 8354 &8¥t) Fig. 62 27 A& o)A &
&, AN, dABAMEHo RN H ALte o, g AT dd 2SS BoFTh AlE o]
FARE] A$ 20109 8€ dA 2F (3=, AL Ay dudde] A7 A S A
NEEATI2)S AgeTh AFeol A wAE Aol 2AEA Ean 9lee wAe vk o,
% AEE, SANE 2ol 7 18%, 11%, 17% ALY = Avk= AA il Ao]E melth
o ARPEAFTOANE Bl o= ABeolH o= Zadzsh Mol WA A ASren
meade] 43 dygnde] Asw LANES o Aux 5o ABYoldle] welsix ol uy
Ed4om oZsn e vehit & Aom F4HT
A9l $AAEL BRelel LHAG SAA, Qughadel wagd gy F8ske] ARa
Pt $ARAE, FEER 5 AW 4 ATk og]  WEZo] BolAFE BAE) NEsH 540
P ANE 28 GUILA] £4 A £y 5 Aawe AT MAE 9RE o) we
o o o o
UMM R L MM R T I R T s
' * Timelhd : ' * Time (] : ' * Timelhd : ' * Timelhd :
(a) Spring(left : experiment, right : simulation) (b) Summer(left : experiment, right : simulation)
- . T ] e
& st & st & =t 8 sl

12
Time [hr]

4

0

12
Time [hr]

4
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Fig. 6 Comparison of the daily operation between experiment and simulation.
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