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Hyundai Electric & Energy Systems

History ESS Solution Renewable Energy Solution
+ 1973, HHI Corp.

+ 1977, HHE Corp. =® \

+ 1993, HHI Corp. merged E‘NERGVSOLU‘T‘IONPROWDER

+ 2017, Hyundai Electric separated 1 :
Revenue :U$1.65 billion /
Workers : 2,000 as of 2019 “
» Wide range of power energy business areas related to T/D system, and renewable energy
» EPC Capability in Energy Solutions such as ESS, FEMS, BEMS and Hybrid Power Plant like Micro Grid
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“Distributed Energy System - apart from the main grid -
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ESS (Energy Storage System)

: The system can capture energy produced at one time for use at a later time
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PEAK CUT Arbitrage = Emergency Gen.
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Functions of ESS

Peak Cut / Arbitrage
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» Better Quality & relieving the burden on the GRID
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Korean ESS policy

B CHARGING
Wh DISCHARGING = (Charging at day time, Discharging at night time
AVERAGE ‘— —1 = 5 RECs/MWh discharge from ESS (1 REC/MWh for PV)
- Discharge at other than 10:00~16:00
- 5 RECs/MWh for ESS lasting for15 Year
0 6 12 18 24hr - Valid until installation in 2019
M WIND
Wh = (Charging at night time, Discharging at day time
‘ Discharge at other than Different weight of
 08:00~12:00 h) in Serina/Wint ¢ 1 REC incentive every year
- 13:00~17:00 (4h£; inSummer | i Startfrom55in 2015,
0 6 12 18 24hr - 18:00~21:00 (3hr) in Fall t 1 0.5 lower and lower each year)
- = Reduction of demand charge by peak cut

= Arbitrage according to TOU

PEAK CUT r o ﬁ
V \‘ Additional Demand charge incentive:
- Average discharge/d during peak time x demand charge
/ Additional Charge incentive:
0 6 12 18 24hr - 50% discount of charging charge during off-peak time

KepupliiC OT norea




HYUNDALI’s Energy Solution

INDUSTRIAL

2015
PCS: TMW
BATTERY: IMWh

WIND

2015

PCS: 1.2MW
BATTERY: 3.6MWh
(ENGINEERING)

INDUSTRIAL

2015
PCS: 0.5MW
BATTERY: TMWh

MICROGRID

2014
PCS: 200kW
BATTERY: 0.6MWh

* AS OF SEPTEMBER, 2020
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|

(" HES (EUM-SUNG) |-

WIND FARM(GUN-SAN)

Okm 124 sites / 1GWh

HOTEL SEAMARQ

of ESS installed
Zero Fire accident
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WIND FARM(TAE-BAEK)

KOREA LA
s -
SEO-SAN

ﬁGiEST :nr\f?

T APCS: S2MW

~N

.. BATTERY: 14
Lh_lv T

PCS: 78MW

BATTERY: 300MWh

WORLD LARGEST

A} BUILDING

2015

PCS: 250kW
BATTERY: 500kWh
(BEMS INSTALLED)

WIND

2016
PCS: 3SMW
BATTERY: 9MWh

AY INDUSTRIAL

2017

PCS: 24AMW
BATTERY: 50MWh
(FEMS INSTALLED)
WORLD LARGEST

INDUSTRIAL

2018
PCS: 32.5MW
BATTERY: 150MWh

WORLD LARGEST

MICROGRID

2013
PCS: 2MW
BATTERY: TMWh
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COD

Oct. 2017
CAPACITY

PCS: 24 MW

BATTERY: 51.5 MWh
* WORLD LARGEST INDUSTRIAL ESS

LOCATION

HHI(ULSAN) ESS
* TWO-STORY BUILDI

24MW / 51.5MWh 1=
Hyundai Heavy Industry, Ulsan, Korea &



Major Achievement: (1) Factory + ESS % E

ESS Building in the Factory Oil Transformer

i 2342
— o s ey 4

R T BRER

8461808 wn 2411

89.3/1477vm= 295 /1502 s




Major Achievement: (1) Factory + ESS

Ll
21

Functions: operation mode

1) Electricity bill reduction
Peak shaving + TOU Arbitrage

2) Demand Response

3) Back-up Generator (Emergency)

Project IRR: ) 20%, Payback Period: { 3-4 years

Mmade more profit (+21%p) than we proposed.

T
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WORLD LARGEST RENEWABLE ESS
COD

MAR. 2020 Haenam-gun, Jeollanam-do

* 1.6 million m?2

CAPACITY

PCS: 78 MW
BATTERY: 306 MWh

B



Major Achievement: (3) PV + ESS + EV =

e

@ Jeju island, 2018
First PV+ESS+EV Charger in Korea

LOCATION

SEP. 2018 Jeju island * two(2) sites

CAPACITY

PV: 600 kW
ESS: 1.2 MWh
EV Charger: 8 EA

[ EVvsE#1 (150kW) &

#1 DC ChaDeMo #2 DC ComBo
CL . E L |
@ 00w @3 Q0w ||

EVSE#2 (100kW)
ELECTRIC

JIPgEa=

#1 DC ChaDeMo #2 DC ComBo
HE | el 7|
#y  O0w |®3 00w

Jegu WFSEARE
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O pUSERER
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EVSE#3 (100kW)

#1 DC ChaDeMo #2 DC ComBo
aEf o7l aef o7l
#% 00w | ®= 00w

it
\REA ENROT 1L

EVSE#4 (50kW)
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Major Achievement: (4) Generator + ESS o

“... a 1.5MWh smart Energy Storage System (ESS), gl
which is the largest Li-ION ESS in Thailand to date.
...not only to reduce the cost of electricity, but also

to increase the reliability of power system... ”

= INTEGRICT 2020-01-16 183932 @ O A L Acwinistator
ESS Control Other Controls Schedule (Auto Mode) Period (Auto Mode) Spedial Day (Auto Mode)
Battery HVAC PCS Room HVAC Battery Room
B Manual W Stop [ ] Charge M Discharge W Run B Stop W Run W Stop
. 55 Emergency Ll etk e —

-l A
™ 5tcsp W Specsl Day W FCS Auio St

Batte
- e
- Froi
[M5] Aux Power

—_—
\ I \ 1
000 -

@‘0
N
g

ATS Charge [M3]
Disconnected 0.0 kv 399.3v -425.1 kW 403.0v
0.0 kvar 01a -137.3 kvar -G‘ID.G A
64 K 50.0 Hz 382.9 50.1+

=2.6 kvar -B.7 A
s 250.0 kW 68%50C 3412veeims . 250.0kW 7759V DC
100.0 % SOH 3.405 v cet min 0.0kwar  327.2ADC
Comers 250.0 kW 252560 263t 4108V 30.0 1 mtermal ACB
7722V 00 21,6 T et 3509 A 60.0 C Fan ATS Discharge [ma) [m11
327.0 A 0C 50.0
1.00 pf 248.1kW 4098V -377.9%w 4039V
0.2k 34964 1464 kvr -575.24
8338 kwh 50.0 Hz 0.0 Mwh 50.0 Hz
Sy WAL, mEST T mse  m
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Major Achievement: (5) Microgrid |]:|3
@ Guk island, 2014
Microgrid for private island, Kukdo — design, EPC, EMS (O&M)

Isolated Microgrid with PV, ESS(LiB, Lead-acid), and Diesel Generator

Fuel cost reduction: -60% DG runtime reduction: 1,358hr/year Clean, noise-free island

— oA x| 22| B2
R\ oY SOk 3 ems)
. NV. 50kW v
PV 50kw
400V
- l . — 1] DC Grid
9 kw P ,
| kvar o CONV. 25kW ‘
2 v ESS(LIB) 25kWh S S
B0 ke INV. 60kW
— " -'fj & ~ - Demand (Gukdo)
Faiz e ESS(L~ d-acid) CONV: 0k ;
A ead-aci
9N IAC e 400kWh | _

~

N 5 2R3 71,989 kWh

&

aavioe  mowy | Diesel Generator A' )
Charger 60kW T7RW EAKPF B

Republic of Korea



Major Achievement: (5) Microgrid

Front Engineering & Consulting

Microgrid design with PV, ESS,

and Diesel Generator to minimize

Yukon’s energy cost(LCOE) for
the Utility company(ATCO).

red Energy from D/G

3000
I Required Energy from
Ezm N Surplus Energy
: [ [ [ U |
5 10 15 20
Time [hour]

- Optimal Capacity

- Optimal operation strategy

- Power system analysi e 2 |
T EAKPE 12VBJ8

S

S Republic of Korea
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Major Achievement: (6) XEMS (Bems, FEMS, CEMS, --)

@ SEAMARQ Hotel, 2015

BEMS in SEAMARQ, a 6-star hotel near Pyeongchang, where the 2018 Winter Olympics will be held
Hyundai Electric is leading the BEMS market by promoting energy savings
in energy-intensive buildings such as hotels, hospitals, and data centers.

Lighting Power
seawnra | mn @

Heating & Cooling Power

Gas

Hot Water

Renewal Facility

Geothermal Heating

Measurement
information
collection

Real time analysis \_ | Optimization control
monitoring (optimization) 7 (Energy saving)



Major Achievement: (6) XEMS (Bems, FEms, CEMS, --)

U/G

- Back-up power
: More than 30min
- Demand Response

ESS

- Cost Saving
- Demand Response
- UPS

iTI

- Sub. Generation

/ - Clean Energy

EV CHARGER

PARKING LOT |

= = = ': TOC

HVAC

LIGHTS EL >

LOAD CONTROL

- | ETNS

ENERGY CONTROL

“~<_DR Aggregator

CUSTOMER VALUE

.

COST SAVING

VALUE ADD.

(New business opportunity)

Brand Image
Promotion

/ STABLE POWER
@




Major Achievement: (6) XEMS (Bems, FEms, CEmS, --)

Total Energy Monitoring and Control system: Electricity + LNG + Heat

Measurement point: )+40,000
Monitor—> Forecast 2 Analysis 2 Control

2018-03-29 (Thurs.) / Sunny/ Temp: 16.2° / Humidity: 71.0%

-+ TotalSoC (%) Operating hours Acc. Ch.today Acc. Dis. today ESS Thismonth  Lastmonth Total

30.28 % Oy 50d 3h = 93.19 MWh 5831 MWh Profits

(min/max)

Norm Norm

Peak demand ESS Operation

) ) ESS Unit Operation
m today e
22172 MW
m target - o ECh. WDis. WSB.
23500 MW £ 10 \ =
o * A :
23064 MW 5 ¢ ﬁlr- ]
327 Iy ;
3 2
W ] >
Tariff zone s SR S ' \
off-peak shoulder peak g

Power Consumption

Acc. Discharge in peak time zone

Avg. discharging Remaining working day
84.6/90.6 wn 2 /21 oy

Remaining discharge (target)

Today This month
89.3/147.7 wwnesy 295 /1,902 wwm

Q

1,041 mkKRW 877 mKRW 1919 mKRW

usert [

Fault @ PCS

* example page (optional)

* Energy cost reduction. )+10%
* It grade FEMS certificated by government

= INTEGRICT

7| A8 HE + LNG A8 §# I

w A en
— Az nsy
982,606
kwh

Y SEY L EX

-kWh

EFEEEE

500,779 291,331

SE AHYX|(H7]+LNG) AHS BE sy w2 w

-8 161

2% W7 A8
® 3% —Tu q% — 3R
EELL]
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Major Achievement: (6) XEMS (Bems, Fems, cEms, --)

Banwol-Shiwa_

AICBM*-based subscribable FEMS solution

for small and medium-sized companies without large investment for local system

+100 company, +10% Energy Efficiency, + 100 Demand Response, + 20 PV/Fuel Cell, +100 ESS

* AICBM: Artificial Intelligence(Al), Internet of Things(loT), Cloud, Big Data, Mobile
EMS : OllLXIZEXI2| DREI2IAIAH |2

XISEN
DRAIAE] Y gama s
- Aa"oigs g
: Jhi bt
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Hyundai’s Competitiveness: (A) Data + Connectivity

“Hyundai’s Energy Solution provides state of the art (moadular) services ...
...including monitoring, data analysis, optimization, and control”

(Real-time)

Monitoring

| Operation
monitoring

Status
monitoring

Alarms

m

Demand
analysis

Profit
calculation
& analysis

Statistics

Generation
forecast

Demand
forecast

Price
forecast

g

Peak shaving /
Energy arbitrage

y

Demand
Response

Renewable
integration
(smoothing)

Frequency
Regulation /
Ancillary Services

Analysis Forecast Operation Control
f N f A f N a N

.

ESS control

7

s

\

N

Load control

J

: Protection :

devices
control

&

EAKPF

Republic of Korea




Hyundai’s Competitiveness: (B) Total Solution Provider

“Jotal Energy Solution Provider”

Business Model === Feasibility Study —--— Proposal -—— Financing

Electrical Design Civil engineering

Architectural
Design

Fire Protection,
HAVC Design

Authorization &
Permission

Procurement

\

Pre-service Test Run e .

o o -

/—_\Inspe Al (FAT. SAT) Commissioning Completion Q B

10
H

Construction Construction

]




Hyundai’s Competitiveness: (C) Front Engineering (analysis)

Analysis: Gen profile Design: Operation Algorithm System Efficiency Design
: =)
PV GENERATION HE EAY 65 £ swoN , : (o | _eue | e
om0 - ) vove O o T 0 [ 1] CABLE 99.50%
180000 ST - s s :

160000 oz e _— L - TRESS 99.00%
140000 | - . ] : Bl ~cioc cowverner 9830

120000 - — = E l BATTERY
o0 - _ Srraes 99.75%

: - s ) W ] BATTERY
s ' s T conversion)  ©00%
20000 5 = & I 1T DCU/ACINVERTER  98.80%
’ é%;;;;:! ! | l % T l B e 99.00%
°°3338§§§§S§i7;_' :,.77_7,_,_7777 < l % I - CABLE 99.50%

B I I O ncmecnes 7]

28333z S L i ] n 100.00%
sy SYSTEM EFFICIENCY 91.65%

Simulation: Considering ESS/PV/Diesel

Optimization Design

ESS HOURLY DISCHARGE QTY (kWh)
B 90 18.0%
85 -
16.0%
80 -
N 5 14.0%
P | )
" 7° Optimel 12.0%
65 Gapedly NPV
60 Sediion 10.0% =4=IRR
ESS MONTHLY DISCHARGE Q'TY (kWh)
40,000 55 8.0%
20000 _ 50
— 10,000 —, _] 45
19 2w gy g ¥ oem gy 8% oy ‘ 4“0 4.0%
2% 1.5MWh 2.25MWh 3.0MWh 3.75MWh 4.5MWh
[ | ou | .4}:'4‘.4 slwn uy 123 mB
///_' 2| 1% | 25a ) 40 208 ™ 20279 10278 | 20332 | 28297

Republic of Korea



Hyundai’s Competitiveness: (D) Asset management

AMS

A« INTEGRICT < |el0
I\ -
) . loT Cloud Platform .
Big Data Analytics Asset Evaluation
I Asset Performance
- Management
Cognitive APM  Health, Risk, Residual lifetime
Computing
((UL Workforce Management
Intergri ct Connector WEM Labor & Operating Maintenance
R‘lﬁ_k Suppart Common Protocols {é} Enterprise Asset
Ana|ySIS @ Management
EAM
i  J i
Transformer GIS/Switchgear Rotating Machine

Asset Management System (AMS)...

reduces unplanned downtime and field service visits,

enables electrical devices to be operated with peak performance

by the proactive and preventive maintenance.

Existing Motor (Low, High Voltage) New Motor(Low, High Voltage)

( INTEGRICT ) ( INTEGRICT )
I NI
4G'ﬁ ] S(rrr:i(r:‘tSSensor) 1 46“2, poae
A type Ed
e = .

cdge
|
|

a 5

Hyundai Electric Motors

|V an VY B N BN |
Republic of Korea




Hyundai’s Competitiveness: (D) Asset management

ML/DL-based ESS Asset Management System: Anomaly detection (in 2019)

Field Expert
feedback
Rule-based
‘ Model ’

DATA DATA
Acquisition » Processing
’ ML/DL-based ‘
Model /
Energy Solution Data EXpert feedbaCk 100
INTEGRRILCT

Data Acquisition Anomaly Detection m o

Community > 63
HW Index > 85

80

xapu] dnoig |, Bunsisnpd

_A_‘_‘_ o e———- Good — 70
!’ 15min/1h
EE— B _ e | Time 60
¢ anomaly \]‘fEJrrJ]r]CJ Alarm N
50
Data - @ 50 60 70 80 20 100
Base ESS Module 7|8 Group Index
| e
Critkal min(0.03%) max(76%)

E=f\INE 1
Republic of Korea




Essential for Today,

: Bl AT, S DR SR

[ Potential for Tomorrow! ]

Empower Your Business

Securing Global
R&D Capability




