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Abstract Power consumption in Southeast Asia is steadily increasing due to industrialization and the effects of hot
and humid climates. However, there are not enough energy generation facilities and infrastructures to meet the growing
demand because it is difficult to secure the construction and operation costs of the transmission and distribution systems.

This study aims to develop a gas engine driven heat pump system that supplies heating, cooling and electric power
to buildings. This system, besides its normal function to produce heat, has the capacity to generate electricity on a
household level. This paper investigates similar cases overseas before developing the system. Through the investigation
of commercialized similar systems, the level of technology and market trend of development system were identified.
Features and specifications of commercial and industrial systems will be used for system development.
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Fig. 1 Micro-grid world markets : 2011~2017(Source : Pike Research).
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Fig. 2 Transmission and distribution loss factor in world(Source : IEA, WEO 2014).
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Fig. 3 Growth in residential electricity consumption by end-use in India, China and the Middle East(Source : IEA, ENERGY
EFFICIENCY Market Report, 2015).

HAaols £4S Zol7] A% Wete R BAE AUTH L AEHA AYANS A% I Py
STtk A B BAGIT ATE} U A% AUAEF] B /G Bl FhE A FFe
A}
H

AEF8E 5 . Fig.
S7HES YERL ZEAAIES] BEEo] ¥& OECD =7ke} vlawste] i gd=tol s vphd & Zow
TVAAIEY RgE 9 7HEE olUA] An|Ee] TUheHE Ao ElEAh 20021 o] F HAIES] oA
L Qmo) A 250%, Foll A 338%, FEoIA 200% Z7bEkE Ao ey

EAA o] wal Al ZEtr} BEe Fdolrof Ao 9l e AHEF TA7F 7HHQ] A=
Hoalslal gk Ug Aoz QuurolE wgolite] ¢Xe 17,5097 Moz o]FolA] 9al, o] F
6,000711 ] Aol Abgro] AFetar k. JAEvAlol= MAl 5919 Agt Bhk=r, 129]9] A7k~ Ak 18]a
22919 AFAT o R FRE UA Y-S BAst AT A7 EFES 72.9%(2011d 7]F)= ASEAN= 7}
Z 790 d1d= v ASEAN H#9l 77.6%HT} Yo £x2 sZaa g ?

SHoRAoL A9 FEehs dHFE FHAVIA ok ke WdeR AAstal sl AH7IAA
TES BAE A7) 22 AdE, v, 79, T 90 VI Ee] -9E Askar 9= AAoth el A =
ol Aol AHAFo] etel] whet AFES Sl vhdS et s FAskal vk el Eat
oAM= T, FHOMMOL obLeTl, T 55 T8t 227=ell A AR S sk lom, TR 9o
Amste] A RS A7 & - MAAYT AR A FHE AT AN 5 F8ka Ak

Table 1 Electricity generation by fuel in Southeast asia(TWh)
Share CAAGR’
1990 2013 2020 2040
2013 2040 2013-2040
Fossil fuels 120 648 925 1699 82% 77% 3.6%
Coil 28 225 482 1097 32% 50% 5.6%
Gas 26 349 406 578 44% 26% 1.9%
Oil 66 45 36 24 6% 1% -2.2%
Neclear - - - 32 - 1% N/A
Re-newables 34 141 180 481 18% 22% 4.7%
Hydro 27 110 119 255 14% 12% 3.2%
Geothermal 7 19 27 58 2% 3% 4.2%
Bioenergy 1 10 22 75 1% 3% 7.7%
Other™ - 2 12 93 0% 4% 16.0%
Total 154 789 1104 2212 100% 100% 3.9%

*Compound average annual growth rate, “Includes wind and solar PV.
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Fig. 4 Previous studies related to gas heat pumps system by research fields.

Research method
= Design
® Simulation
Experiment
u Substantiation

® Data research

Fig. 5 Previous studies related to gas heat pumps system by Research methods.
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Fig. 6 Analysis of previous studies related to electronic heat pump system.
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Fig. 7 Previous studies related to CHP(combined heat and power) system.
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Fig. 8 Number of gas engine system’s patent by vendors.
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Table 2 Types of GHP product(factory line-up)

Line Up kW 80 14 18 224 28 355 45 50 56 67 71 8 90 101 112 142
HP 3 5 75 8 10 13 16 18 20 24 25 30 32 36 40 50
Multi-Type O o O O o O O O
W Multi O O O O O O O
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High-power Multi-system o O O O o o o o O O
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(a) Gas consumption in cooling mode (b) Gas consumption in heating mode

Fig. 9. Gas consumption of GHP with no power generation function.
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Fig. 10 Electric power consumption of GHP with no power generation function.
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Fig. 11 Gas consumption of GHP with power generation function.
20 20 -
g | Power generation § [ Power generation
2 15 AISIN = DAIKIN = MITSUBISHI M = s HAISIN = DAIKIN = MITSUBISHI e @
_s . < Non-power production .S © Non-power production
2 12 g 12
> 3
z o o o £
8 08 8
— & e @ =
a a
& o4 5
o I I o
0.0
| 45kw | S6lkW | Tikw | askw
(a) Gas consumption in cooling mode (b) Gas consumption in heating mode
Fig. 12 Electric power consumption of GHP with power generation function.
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Fig. 13 COP of GHP with generator installed conditions.
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Fig. 14 Concept of development system.

(© SAREK 619



FFol= micro CHP AJAIEES] 83 2 g, Xad 5o A& A 53 248 58 7]1&34]
2 e Z1eAlSh, Alol7le Agtsel ad Row sy, old wet oux FF THA=H
FREE, dAEE] 45 5244 B VISR e

2 A 2016 2SS AR e] Al o2 el YA 7] 7HI(KETEP) O] A8 ol =gk A+
A F Y THNo. 20162010104240).

References

1. International Energy Agency, 2016, CO2 Emissions from Fuel Combustion.
(https://www.iea.org/publications/freepublications/publication/CO2EmissionsfromFuelCombustion Highlights 2016.
pdf, 2017. 08. 17).

2. Pike Research, 2012, Microgrids, Distributed Energy Systems for Campus, Military, Remote, Community, and

Commercial & Industrial Power Applications : Market Analysis and Forecasts, Research Report.

. International Energy Agency, 2014, World Energy Outlook 2014.

. International Energy Agency, 2015, Energy Efficiency Market Report 2015.

. Korea Export-Import Bank, 2014, Current status and outlook of Indonesian power industry.

. Korea International Trade Association., 2014, Indonesia Energy Storage System(ESS) Market Report.

. Choi, J. H. and Moon, S. C., 2015, Indonesia Low Pressure Micro Grid System Trend and Export Strategy, Monthly

Electrical Journal, Vol. 461, pp. 18-25.

8. International Energy Agency, 2015, Southeast Asia Energy Outlook 2015, World Energy Outlook Speacial Report.

9. Kim, J, R. and Park, T. Y., 2009, The Society of Air-Conditioning And Refrigerating Engineers of Korea, Magazine
of the SAREK, Vol. 38, No. 8, pp. 51-57.

10. The Society of Heating, Air-Conditioning and Sanitary Engineers of Japan, 2007, A New Technologies for Building
Energy Systems in Building(ISBN : 978-4-87418-040-2).

11. ASIIN, 2017, Gas heat pump air conditioner Comprehensive Catalog(http://www.aisin.co.jp/ghp/).

N N L AW

12. DAIKIN, 2017, Gas heat pump air conditioner Comprehensive Catalog(http://www.daikin.co.jp/aircon/).

13. Mitsubishi, 2017, Gas heat pump air conditioner Comprehensive Catalog High efficiency internal and external
(http://www.mhiair.co.jp/).

14. YANMAR, 2017, GHP Comprehensive Catalog(https://www.yammer.com/jp/energy/).

15. LG Electronics, 2017, LG Electronics B2B Products(http://www.lge.co.kr/kr/business/).

620 (© SAREK



