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1. Introduction of HE
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Renewable Energy Solution

Transmission and Distribution Equipment FULL LINE-UP for Energy Infra Energy Solutions

ESS SolutionHistory+ 1973, HHI Corp. + 1977, HHE Corp. + 1993, HHI Corp. merged+ 2017, HE Corp. separatedRevenue :20 billion / Workers : 2,700



2. Competitiveness of HE 
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� Power equipment manufacturing such as TR, breakers, SWBD, and inverters for T/D and power generation systems� Specialized Design and Business Experience of Renewable Energy such as Wind Power and Solar Power
Expert Design Ability and Business Experience Grid ESSRenewable Equipm’tEMS/PMSElectric Equipm’t<Main Equipment>
Integrated engineering capabilities with power equipment design, manufacturing and maintenance
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BaseBaseBaseBase
CCCCompetitiveness ompetitiveness ompetitiveness ompetitiveness of ESS solutionof ESS solutionof ESS solutionof ESS solution

Feasibility Study - In-house Simulation Design Tool- Optimal design for each applicationIntegrated Engineering - Integrated Engineering Capacity ofGird/Load/ESS/Power Equipm’t/RenewableGrid Design - Design Capacity of High Power and HighVoltage SystemBattery Design - Experience of R&D of Various Batteries
Financing - Provide customized financial modelsBusiness Expansion - Provide scalability for EMS platformbased FEMS, BEMS, AMS and TOCReliability - Korea's largest ESS and battery supplyrecord (approximately 1GWh) and EPCcompetitiveness
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1. Design solution for Optimization■ Philosophy for the Optimal Design� Capacity, output, and efficiency are designed to ensure maximum profitability (B/C ratio, IRR) or maximum sales (revenue, NPV) within the optimal investment range from the facility utilization rate and performance point of view
■ Basic Design for the PV ESS Capacity� Rough design (Over-design risk)- Power generation time x System Capacity x Power generation rate within charge-allowed time zone = ESS system Capacity� Detail design - It is important to design to avoid loss of profit in a daily and hourly unit through PV profile analysis and prediction.

Over-design Idle of facility Profit loss LossLossLossLossUnder-design Lack of performance Profit decrease
충전 허용 시간대 (10시~14시)에 충전 가능한 용량: 전체 평균 발전용량의 약 74% = 1MW x 3.7hr x 74% = 3MWh ESS 투자 가능

(예시: 실제 1MW PV 발전소의 연평균 발전 프로파일)
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1.1 Optimal Sizing and Availability Design for PV & ESS

■ Example for the PV profile■ Variability by weather ■ Variability by season

■ Optimal Design Capacity for ESS ■ Availability���	������	��
�	�	�
 � 	 ���	�����		
��		
��
�����	�
�
���� � ���%* ESS power sales amount : The amount of the electricity charged between 10:00 and 16:00,  was discharged at the other times and transferred to the power grid� Factors affecting ESS utilization rate ESS � PV profile (seasonal, weather)� Efficiency of charge/discharge
� Maximizing investment revenue� By analyzing the annual PV profile, we select the appropriate capacity to maximize the profit compared to the investment cost.� The annual ESS utilization rate is derived by predicting various PV profiles generated throughout the year through probabilistic methods.
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1.1 Optimal Sizing and Availability Design for PV & ESS
CASE 1 CASE 2 CASE 3■ Impact of the PV profile pattern on the ESS Availability

PVprofile
PCSOutput

BatterySOCAvailability(daily)Comments

※ Example. 1.0MW/3.6MWh ESS1.0MW/3.6MWh ESS1.0MW/3.6MWh ESS1.0MW/3.6MWh ESS
[kWh]

[kWh]
[kW]

100%(3,600kWh char/disch)ScarcityScarcityScarcityScarcity 100%(3,600kWh char/disch)OptimumOptimumOptimumOptimum 42%(1,500kWh char/disch)OverOverOverOver----designdesigndesigndesign※ 본 페이지는 설명을 위한 예시자료로서, 본 자료에서 사용한 수치는 실제값과 상이함.



2. HE in-house Simulation Tool for Feasibility Study 
순번 세부 설비 효율1 케이블 99.50%2 TR_ESS용 99.00%3 AC/DC 컨버터 98.80%4 배터리 (저장) 99.75%배터리 (변환) 97.00%5 DC/AC 인버터 98.80%6 TR_ESS용 99.00%7 케이블 99.50%8 계통 100.00%시스템 실질 효율 91.65%

Analysis: PV profile1111 Design: Spec. & Op Algorithm2222 System Effic. Design3333

Simul’n: ESS Discharge Capacity4444 Pre-FS5555 Design Optimization6666
최적용량구간표 7. 사양별 연간 ESS 송전량 및 이용률 사양 1.2MW/3.6MWh 1.5MW/4.5MWh 1.6MW/4.8MWh 연간 ESS 송전량 1093.98 MWh 1308.01 MWh 1374.32 MWh 연간 ESS 이용률 83.3% 79.6% 78.4%  12
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2.1 Feasibility Sample: 1MW PV connected with 1MW/3.5MWh ESSnnnn 0000 1111 2222 3333 4444 5555 6666 7777 8888 9999 10101010 11111111 12121212 13131313 14141414 15151515yearyearyearyear 2016201620162016 2017201720172017 2018201820182018 2019201920192019 2020202020202020 2021202120212021 2022202220222022 2023202320232023 2024202420242024 2025202520252025 2026202620262026 2027202720272027 2028202820282028 2029202920292029 2030203020302030 연 평균연 평균연 평균연 평균REC REC REC REC 총 생산총 생산총 생산총 생산, , , , 개개개개 3,779 3,714 3,648 3,583 3,518 3,452 3,387 3,322 3,256 3,191 3,126 3,060 2,995 2,929 2,864 3,322REC ESS REC ESS REC ESS REC ESS 생산생산생산생산, , , , 개개개개 3,779 3,714 3,648 3,583 3,518 3,452 3,387 3,322 3,256 3,191 3,126 3,060 2,995 2,929 2,864 3,322REC PV REC PV REC PV REC PV 이전이전이전이전, , , , 개개개개 771 758 744 731 718 704 691 678 664 651 638 624 611 598 584 678REC REC REC REC 효율손실보전효율손실보전효율손실보전효율손실보전, , , , 개개개개 115 113 111 109 107 105 103 101 99 97 95 93 91 89 87 101REC REC REC REC 순획득순획득순획득순획득, , , , 개개개개 4,152 4,096 4,040 3,983 3,927 3,871 3,814 3,758 3,702 3,645 3,589 3,532 3,476 3,420 3,363 3,7583,7583,7583,758CCCCININININ 481,199 475,557 469,914 464,272 458,630 452,988 447,346 441,703 436,061 430,419 424,777 419,135 413,492 407,850 402,208 441,703441,703441,703441,703    REC 매출 (ESS 가중치 분량만) 355,232 349,089 342,945 336,802 330,658 324,515 318,372 312,228 306,085 299,942 293,798 287,655 281,511 275,368 269,225    SMP 매출 0 29,650 30,364 31,078 31,793 32,507 33,221 33,936 34,650 35,364 36,079 36,793 37,507 38,222 38,936 39,651CCCCOUTOUTOUTOUT 3,116,326 211,032 368,685 368,659 368,633 368,607 368,581 368,555 368,529 368,502 368,476 368,450 368,424 368,398 368,372 368,841 358,050358,050358,050358,050    태양광발전 이전정산, CREC 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0    태양광발전 임대보상, CLEASE_REC 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0000    태양광발전 효율손실보전, CEFF 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0000    태양광발전 효율손실보전, CCON 1,512 1,485 1,459 1,433 1,407 1,381 1,355 1,329 1,302 1,276 1,250 1,224 1,198 1,172 1,146 1,3291,3291,3291,329    보험금, CINS 14,000 14,000 14,000 14,000 14,000 14,000 14,000 14,000 14,000 14,000 14,000 14,000 14,000 14,000 14,000 14,00014,00014,00014,000    SMP 정산, CSMP_OUT 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0    CO&M 49,000 49,000 49,000 49,000 49,000 49,000 49,000 49,000 49,000 49,000 49,000 49,000 49,000 49,000 49,000 49,00049,00049,00049,000       고정 운영비 (인건비) 24,000 24,000 24,000 24,000 24,000 24,000 24,000 24,000 24,000 24,000 24,000 24,000 24,000 24,000 24,000       변동 운영비 (대수선비) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0    Debt, D 146,520 304,200 304,200 304,200 304,200 304,200 304,200 304,200 304,200 304,200 304,200 304,200 304,200 304,200 304,696       대출이자 상환 146,520 143,020 135,290 127,180 118,670 109,760 100,430 90,640 80,380 69,640 58,360 46,570 34,180 21,220 7,630       대출금 상환 0 161,180 168,910 177,020 185,530 194,440 203,770 213,560 223,820 234,560 245,840 257,630 270,020 282,980 297,066감가상각기간 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15감가상각액 201,964 201,964 201,964 201,964 201,964 201,964 201,964 201,964 201,964 201,964 201,964 201,964 201,964 201,964 201,964 201,964법인세 차감전 영업이익 214,723 209,107 203,491 197,875 192,259 186,643 181,027 175,411 169,795 164,179 158,563 152,947 147,331 141,715 136,098 175,411TTTTnnnn 47,239 46,004 44,768 43,533 42,297 41,061 39,826 38,590 37,355 36,119 34,884 33,648 32,413 31,177 29,942 38,59038,59038,59038,590순 현금흐름순 현금흐름순 현금흐름순 현금흐름_C_C_C_Cn_projectn_projectn_projectn_project (3,462,584) 369,448 365,068 360,687 356,307 351,926 347,545 343,165 338,784 334,404 330,023 325,643 321,262 316,882 312,501 308,121누적 현금흐름_Ccn_project (3,462,584) (3,093,136) (2,728,068) (2,367,381) (2,011,075) (1,659,149) (1,311,603) (968,438) (629,654) (295,250) 34,773 360,416 681,678 998,560 1,311,061 1,619,182순 현금흐름순 현금흐름순 현금흐름순 현금흐름_C_C_C_Cn_equityn_equityn_equityn_equity (346,258) 255,162 92,332 86,251 80,086 73,833 67,493 61,060 54,525 47,887 41,144 34,282 27,308 20,201 12,970 5,104누적 현금흐름_Cc_equity (346,258) (91,096) 1,236 87,487 167,573 241,406 308,899 369,959 424,484 472,371 513,515 547,797 575,105 595,306 608,276 613,380NPVNPVNPVNPV 395,913395,913395,913395,913IRRIRRIRRIRR 6.52%6.52%6.52%6.52%B-CB-CB-CB-C 1.111.111.111.11Payback PeriodPayback PeriodPayback PeriodPayback Period 9.9 years9.9 years9.9 years9.9 yearsNPVNPVNPVNPV 721,491721,491721,491721,491IRRIRRIRRIRR 35.64%35.64%35.64%35.64%B-CB-CB-CB-C 1.211.211.211.21Payback PeriodPayback PeriodPayback PeriodPayback Period 2.0 years2.0 years2.0 years2.0 years
EquityEquityEquityEquity((((자기자본 자기자본 자기자본 자기자본 10%)10%)10%)10%)현금흐름현금흐름현금흐름현금흐름ProjectProjectProjectProjectEquityEquityEquityEquity

기간기간기간기간((((연도연도연도연도))))일반일반일반일반수입수입수입수입

세금세금세금세금
지출지출지출지출

ProjectProjectProjectProject((((자기자본 자기자본 자기자본 자기자본 100%)100%)100%)100%)현금흐름현금흐름현금흐름현금흐름
(4,000,000)(3,000,000)(2,000,000)(1,000,000)01,000,0002,000,000 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15Project Cash FlowCumulative Cash Flow



3. Site and Drawing Sample( Hyundai Heavy Industries : PCS 24MW / Battery 51.5MWh) 
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ESS Center Oil Transfomer(7200kVA) SWGR(MV, LV)

PCS Battery EMS



15

<Single Line Diagram> <Layout>
3. Site and Drawing Sample( Hyundai Heavy Industries : PCS 24MW / Battery 51.5MWh) 



16

ESS Building

TR, GIS, Control Building

3. Site and Drawing Sample(Seosan PV Farm 65MW: ESS 52MW – 140MWh )
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<Single Line Diagram> <Layout>
3. Site and Drawing Sample(Seosan PV Farm 65MW: ESS 52MW – 140MWh )
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ESS BuildingSWGR
3. Site and Drawing Sample(Honam Wind Farm 20MW: ESS 3MW – 10MWh )
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<Single Line Diagram> <Layout>
3. Site and Drawing Sample(Honam Wind Farm 20MW: ESS 3MW – 10MWh )



3. Site and Drawing Sample (World Largest PV ESS)( Solasido PV Farm 100MW : PCS 72MW / Battery 305MWh) 

20(C.O.D : Dec. 2019)



1. Reference List 2. Site Photo3. Hyundai All In One ESS4. Fuel Cell Solution5. Certificates
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1. Reference List
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Hyundai Electric & Energy Systems 1-Apr-19No. Project Purpose Customer Location Solar PV Capa.(MW) PCS Capa.(MW) BatteryCapa.(MWh) CompletionDate Remarks1 Solasido PV ESS (Solar) ESS Hanyang construction Jeonnam, Korea 72 287 31-Dec-19 Preferred Bidder2 ENTehcnology PV ESS (Solar) ESS ENTechnology Geonbuk, Korea 10 29.8 30-Apr-19 Operating3 Whanam PV & ESS(Inc. O&M) (Solar) PV + ESS Chilgok Whanam Solar Chilgok, Korea 8.0 8.0 23.4 30-Jun-19 Under Construction4 PV ESS (Total 6 Sites Inc. Gunwi) (Solar) PV ESS Hyundai Energy System Gyeongbuk (Inc.Gunwi), Korea 4.3 14.2 28-Feb-19 Operating5 ESS (Total 6 Sites Inc. Samil Spinning) Industry ESS Hyundai Energy System Gyeongbuk (Inc.Gyeongsan), Korea 4.5 16.5 31-Dec-18 Operating6 Emergency Operations Center ESS Industry ESS Hyundai Construction Co., Ltd. Seoul, Korea 0.5 1.1 31-Dec-18 Operating7 Seosan PV ESS (Solar) PV ESS Hyundai Construction Co., Ltd. Seosan, Korea 52.0 140.0 31-Dec-18 Operating8 Hyundai Samho Heavy Industries ESS Industry ESS Hyundai Samho Heavy Industries Co., Ltd. Yeongam, Korea 4.0 10.0 30-Nov-18 Operating9 Chunilpaper ESS (Main Equipment) Industry ESS Daegun Energy Co. Jeonju, Korea 1.6 8.4 30-Sep-18 Operating

Reference Record of ESS/FEMS/BEMS/PV(Solar) Project
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10 BYC HighCity ESS Industry ESS DucSan Information Telecom Co., Ltd. Seoul, Korea 0.8 3.3 31-Aug-18 Operating11 Konka Green Solar PV (Inc. O&M) (Solar) PV Konka Green Solar Seosan, Korea 3.4 15-Aug-18 Operating12 Korea Solar ESS (Main Equipment) (Solar) PV ESS GaiaEnergy Co. 1.0 3.0 31-Jul-18 Operating13 PV ESS (Total 8 Sites Inc. OSG Korea) (Solar) PV ESS Hyundai Electric Industrial System Daegu, Korea 4.0 19.2 30-Jul-18 Operating14 DSP PV ESS (Solar) ESS DSP ENG Gangwon, Korea 44.2 30-Jun-18 Operating15 Majeong Energy PV ESS (Main Equipment) (Solar) PV ESS YesEnerTech Co. Majeong, Korea 2.0 6.2 30-Jun-18 Operating16 Hyundai Mipo Dockyard ESS Industry ESS Hyundai Mipo Dockyard Co., Ltd. Ulsan, Korea 4.0 10.0 30-Jun-18 Operating17 Honam Wind Power ESS Wind Power ESS Honam Wind Power Co. Yeonggwang, Korea 3.0 9.0 29-Jun-18 Operating18 KCC ESS Industry ESS KCC Yeoju, Korea 2.0 17.5 30-May-18 Operating19 KCC ESS Industry ESS KCC Gimcheon, Korea 2.0 17.5 30-May-18 Operating20 Korea Autoglass Corporation ESS Industry ESS KAC Sejong, Korea 2.0 20.8 30-May-18 Operating21 Daegu Industrial Estate ESS Industry ESS KBWS, Ilshin Plastic Corp, Central DTS Corp. Daegu, Korea 4.0 8.0 30-Nov-17 Operating



1. Reference List
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22 KC Cottrell ESS Industry ESS KC Cottrell Anseong, Korea 0.3 1.1 31-Dec-17 Operating23 Korea Zinc ESS Industry ESS Korea Zinc Co., Ltd. Ulsan, Korea 25.0 150.0 31-Dec-17 Operating24 Hyundai Heavy Industries ESS/FEMS Industry ESS/FEMS Hyundai Heavy Industries Co., Ltd. Ulsan, Korea 24.0 50.0 31-Oct-17 Operating25 Taebaek Wind Power ESS Wind Power ESS Taebaek Wind Power IPP Taebaek, Korea 3.0 9.0 20-Dec-16 Operating26 Guk-do Micro Grid Micro Grid Tongyeong City Tongyeong, Korea 0.1 0.6 30-Oct-16 Operating27 SEAMARQ Hotel BEMS BEMS SEAMARQ Hotel Gangneung, Korea 2015 Operating28 L & F ESS (Engineering) Industry ESS L & F Co. Daegu, Korea 2015 Operating29 Gunsan Wind Power ESS (Engineering) Wind Power ESS Gunsan Wind Power Co. Gunsan, Korea 2015 Operating30 Hyundai Green Energy ESS(Korean National Project) Industry ESS Hyundai Green Co., Ltd. Eumseong, Korea 1.0 1.0 31-May-14 Operating31 Smart Grid(Korean National Project) Micro Grid KETEP Jeju, Korea 0.3 1.1 31-Dec-10 Closed11.4 145.3 901.9Total



2. Site Photo
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Hyundai Green Co.Hyundai Green Co.Hyundai Green Co.Hyundai Green Co.

KB Wiper SYS.(KB Wiper SYS.(KB Wiper SYS.(KB Wiper SYS.(DaeguDaeguDaeguDaegu))))
HHI(Ulsan)HHI(Ulsan)HHI(Ulsan)HHI(Ulsan)

SEAMARQ Hotel(SEAMARQ Hotel(SEAMARQ Hotel(SEAMARQ Hotel(GangneungGangneungGangneungGangneung))))
TaebeakTaebeakTaebeakTaebeak Wind PowerWind PowerWind PowerWind Power

Smart GridSmart GridSmart GridSmart Grid ((((JejuJejuJejuJeju))))

GunsanGunsanGunsanGunsan Wind PowerWind PowerWind PowerWind Power

KETCP(KETCP(KETCP(KETCP(TongyeongTongyeongTongyeongTongyeong))))

2015년PCS: 1MWBattery: 1MWhIndustry Building
Wind Power Wind Power

Industry
Industry

Micro GridMicro Grid

2015년PCS: 1.2MWBattery: 3.6MWh(Engineering)
2017년PCS: 4MWBattery: 8MWh2014년PCS: 200kWBattery: 0.6MWh

2017년PCS: 24MW배터리: 51.5MWh

2013년PCS: 2MWBattery: 1MWh

2015년PCS: 250kWBattery: 500kWh(BEMS)2016년PCS: 4MWBattery: 10MWh
Korea Zinc Co.(Ulsan)Korea Zinc Co.(Ulsan)Korea Zinc Co.(Ulsan)Korea Zinc Co.(Ulsan) Industry2018년PCS: 32.5MWBattery: 150MWh

Hyundai  Hyundai  Hyundai  Hyundai  SamhoSamhoSamhoSamhoIndustry2018년PCS: 4MWBattery: 10MWh
Hyundai Hyundai Hyundai Hyundai MipoMipoMipoMipo(Ulsan)(Ulsan)(Ulsan)(Ulsan) Industry2018년PCS: 4MWBattery: 10MWh

SeosanSeosanSeosanSeosan PV ESS(PV ESS(PV ESS(PV ESS(SeosanSeosanSeosanSeosan)))) 2018년PCS: 52MWBattery: 130MWhKCC(Gimcheon)2018년PCS: 4MWBattery: 17.5MWhKAC(Sejong)2018년PCS: 4MWBattery: 20.8MWh

KCC(Yeoju)2018년PCS: 4MWBattery: 17.5MWh PV ESS



3. Hyundai All In One ESS
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3. Hyundai All In One ESS
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4. Fuel Cell Solution(Illustrative)
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� Hyundai Electric provides the appropriate Fuel Cell solution for our valued customers.  

Maker: Hydrogenics Maker: FCI



5. Certificate (ISO 14001)
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5. Certificate (OHSAS 18001)
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5. Certificate (UVDB)
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5. Certificate (UNCE)
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5. Certificate (Power & Tech)
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5. Certificate (Supply-Line, FPAL)
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5. Certificate (RePro)

35


