[Innovations in Energy Efficiency Technologies-I]

Building energy management
technology based on big data of
demand resp
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Electric mgmt. = Supply mgmt. + Demand mgmt.

These days
1) uncertainty of the power supply and demand
Investment costs: the future power plant construction costs

average 5 trillion won
Construction of location problem,.
Rapid increase in electricity demat

of 2_.5%)

ienomenon



paran

energy

Electric mgmt. = Supply side mgmt. + Demand side mgmt.

Demand side mgmt. = Energy Efficiency + Demand Response
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1. Supply pattern in Korea paran
¢ Trend of Power Supply & Demand
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1. Supply pattern in Korea

¢ Trend of Generating Capacity by Source

(Unit : MW)
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2. Demand pattern in Korea paran

¢ Power Electricity demand pattern in Korea
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2. Demand pattern in Korea

¢ Trend of Power Sold by Segments
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2. Demand pattern in Korea par
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2011. 9. 15 Large-scale power outage situation

Rapidly increasing power demand, the power reserve is less than or equal to 3 million kW
in 13:10, with the following two million kW to 25 minutes, And plummeted to 1 million kW
or less in 35 minutes, power exchanges distribution transformer tap adjustment (12:50,

1 million kW), an autonomous power-saving (14:01, 950,000 kW), direct load control (14:01,
890,000 kW) correspondence. [9.15 Electric Newspaper]
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1. Demand Response Program paran

¢ History of DR program

2006 2008 2012
Demand Adjustment Prg. Of
Designated period

Demand Adjustment Prg. Of

Advance notice

Demand Adjustment Prg. Of
Emergency load reduction

Direct Load Control

ARG i

Smart DR Market DR Market

Electricity DR Market
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1. Demand Response Program paran
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¢ Past DR Business
o Program improvement : (from 2008 summer)

- Existing schemes: specified period of time, the weekly notice, emergency power-saving,
direct load control system such as

- The bid to kpx with fixed price different method the existing system
(in the case of the above item 1)

- After bidding, paid the amount of money that has been successful bid for the bid has been
consumers (market introduction of the system)

- Demand Response Company is appeared

Power System Status
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1. Demand Response Program

¢ Past DR Business

Smart DR market outline

» Customers to contract to reduce demand
Case of a power shortage, the reduction of
demand by the instructions on the Exchange
» Payment of capacity charges for the quarter
contract capacity
» During the reduction of demand, reduction
charges (incentives) paid
> 1 year 30 times, limit of 60 hours
The 1st reduction once 2-4 hours load
commitments
» Contract of 1 year unit ;
(2012 opened in July- December)
| » Capacity price is determined by the bid
| Maximum 641,000 won ~ 161,000 won lowest /
| kW- year
| » Reduction of financial support: the level of the
best 550 won / kW
» Capacity fee reduction when contract breach
less than 80%)
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<Smart DR Concept map>

= Korea

Bidirectional
\ Communication
(reduction sig.)

Smart Load Aggregator

Resource

Lighting

Cooling

Integrated
Remote Control

L Heatmg

Power Exchange

smart 3710 Oj4E 2opie
PX M= L

g Distributed

| Air condltloner

rgy

I»Sla:{

N
”




2. Demand Response Market

Appearance of new Demand Response Market

> Technical characteristics between resources

And recognized technical differences between or resources equate the demand's

Council and power resources

P

(Peak Shaving DR)

(Payment Saving DR)

Generator (LNG)

Times

Reliability DR Economic DR
Electricity Mandatory Reduction Supply Capacity,
i Reduction Enerqgy(kWh) Generaton Energy,
trading Capacity(kW) 9y Ancillary Service
Reduction Except weekend,
ibl holliday Everyday except Every hours except
pOiSSI € workday 9am~8pm | weekend, holliday overhaul or fault state
time (except 12~13)

Response Time 1 hour Ahead 1 day Ahead 1 hour ahead(Hot)
Reduction Max 4 hours/ Continue/
Duration Min 2 hours Min. 2 hours

Mandatory - :
reduction hour 60 hours/year Bidding Continue
Reduction Max 2 times/ day Operating generation

Plan

energy

16



2. Demand Response Market paran

BUSINESS STRUCTURE

Demand resource management,

»° demand reduction instruction,
' monitoring, settlement
Korea Power Exchange
....................................... R e s e i T
I _
o Load Aggregator

Demand resource registration in
the electricity market. Demand
reduction instruction, reduction
amount monitoring. Submit bid,
settlement, reduction amount
calculation

Load Aggregator

.................................................................................

| End User(Prosumer)

&a

YR

Agriculture School Building Factory Residencial

Fl Sescasaae s st enmenimssmensaes? NGy

Signed a contract with a demand
management company. Demand
reduction according to demand

reduction instruction

Emergency
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2. Demand Response Market par

Basic Settlement unit Price, monthly (2017)

Calculated based on unit price of existiong generator capacity market

2017-1 Basic Settlement unit Price 2017-2 Basic Settlement unit Price
(Won/kW) 19,894.70 (Won/kW) 22,779.43

(2017.1.1 ~ 2017.6.30.) (201771 ~ 2017.12.31))

. Monthly Basic Settlement unit price(Won/kW-m) . Monthly Basic Settlement unit price(Won/kW-m
(-___M_OEE________LJELMEQ _______ Remark(day) | [ —_Month________ Unit price _ ____ EE‘_"lﬂLk.Ld_ﬂ!L;
i January 4,994.68 20 July 5,395.95 21 i
1 "Febroay | 447545 20 | August 4,930.56 22 ::

March 3,767.84 22 TCeptember | 360444 1 1
April 1,462.24 20 October 1,142.18 16
May 1,335.86 20 November 2.919.16 22
June 3,858.63 21 December 4697.14 19
Total 19,894.70 123 Total 22,779.43 121
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3. Technology in Demand Response [

ADR

ALLIANCE
OpenADR
(Open Automated Demand
Response)

: standard communication
protocol of demand response
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3. Technology in Demand Response

» DR Resource Real-time Monitoring

Comparison of power usage in real time with CBL of the day: It is possible to
decide whether or not to reduce additional, real-time results can be confirmed

48 046.4
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Custom Base Line & Energy Chart

20



3. Technology in Demand Response

Designing Portfolio

() openADR

(D openADR

titiveness of Load Aggrég"até‘r‘
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4. Performance in Demand Response
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Result by reduction of consumer or DR players on February 10,
2015 in response KPX request reduction instruction.
From 09:00, it shows high performance with active participation.

Power Electricity Demand Gr;h_m
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4. Performance in Demand Response paro
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Dec.28, 2016 14:00~18:00 (4h) Participation Result at winter reduction test
Give a graph of issuance and participation status

Power Electricity Demand Graph
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1. Building Power Demand

US building energy use classification

Buildings consume 39% of total U.S. energy
gas

» 71% of electricity and 54% of natural

21% Residential

Transportation
28%

18% Commercial —

B Computers 1%
B Cooking 5%
W Eiectronics 5%
B Wash 5%
I Refrigeration 9%
I Cooling 10%
I Lights 12%
I Water Heat 13%
I Heating 32%
L Other 4%

- I Cooking 2%
B Computers 3%

W Refrigeration 4% « * *
I Office Egfpment 7%
I Ventilgfon 7% .

s ERENy,y,
8
L 4

I (Water Heat 7% %
Cooling 13% .

Heating 16% S

Lights zg%’

I Othe? 4Q%

+*
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1. Building Power Demand
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DR potential can be estimated through building energy use classification

9y

O N Bldg Classification Content
Property Center commercial, urban redevelopment
Q Electricity Usage Area 1,232.34 m'
5,160.0 [MWh]/Year Use Office, lease
Underground 2-6 Floor: Parking
P underground first floor: dining room,
parking, ground first floor: lobby, bank,
ground floor 2-18: bank, office

O Part by usage :

_Fan 28% B Electricity usage by section

Outlet(27%),
f htlng(ZO%) Fans

ower(4%)

Fumps
2%

C/ Towar
4g Cooling
165

Heating

Midnigh BAM Noon BPM ideigtt

Lights
W%

I U0 35 101030 990509 805 %0 NNW00NNNW0I
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1. Building Power Demand paran

energy

DR potential can be estimated through building energy use classification

Classification Content
O C Bldg.

Property Commercial area and one aesthetic area
O Electricity Usage

Area

14,441 [MWh]/Year

Use

The ground 21 floors + basement fourth
O Part by usage : oration floor + octa Puchun (highest height
Lighting(29%) 107M) standard floor of floor height

4.2M
Fan(25%),
|| ||

Cooling Wednght EAM

Outlet(19%), 4 i

. 29%
oling(15%),
~_Eauipment
19% |
Space Heat i ' " ' ‘

boling tower(8%),

Vent Fans
25%

Pump & MISC
5%

Heat ReiectJ

8% 0% ‘ Hsssnnn»:nnnnnn»n»n”ms
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1. Building Power Demand

energy
[] General Power(B), Industrial Power(B) : Contract power 300kW or more
Energy charge (per kWh) Summer Spring Winter
: /Autumn
Demand Spring
o Charge /Autumn | Winter i
Classification ge | Summer s | (e Time zone Mar~Jun,
(per kw)| TIME ZON€/ 3. _ A1) Jul~Aug Nov~Dec
Jun, Sep| Dec) Sep~Oct
~QOct)
_ Off-peak 59.10 59.10 65.30 23:00~09:00
Option :
6,990| Mid-peak 112.20 82.40, 110.40
High 1 T e 09:00~11:00
o On-peak ,# 192507y 112.40 2:00~13:00 | 12:00~13:00 |
- Oft-peall 7:00~23:00 | 17:00~23:00
Al lopton| . 7 I :
- | . | 8050 Mid-peak |
2a e
Sl e e
- On-peak N
Off-peak
;Mid-peak
iOn-peak
Off-peak

- Mid-peak

- On-peak A
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2. Building DR Potential and system Parc !
¢ Building DR Potential & Resource in Korea
Demand .
- FEEI Ratio year | Response R.atlo Demand Emergency
Building Demand (%) quantity equipment | o e Generator
(kW) ° (%) [kw]
[kW]
A bldg. 2,757 7.25 200 18.14 HVAC 1,000
B bldg. 7,572 3.81 288.5 1822 Haining 6,250
Freezing
C bildg. 480 104 Air conditioner
HVAC
E bidg. 991 4.57 Lighting
F bldg. 1,757 2.28 Lighting
1,956 322 53 AN,
e S R Frozenf ‘
i o Cooling |
Air condi.
1,829 5.63 .
Fountain
Ughﬁng,.
Freezing
3,198 8.16 HVAC
ther power

Lighting
“oolin
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2. Building DR Potential and system paran

energy

The main part of building consists of the HVAC. Air conditioners for
the office compressor 7.5KW * 2 units and blower which is composed
of 3.75KW every floors.

Measurement Data is office, for cooling air conditioner 2 Set (air conditioners 1set
compressor 7.5KW * 3 units, blower

Measured in all the configuration) has been bitten by 5.5KW. Spec. Power 56KW
(28KW * 2 set), the combat force. It is an average 44.5KW

The measured refrigerator that is operated v
Average combat force that it is a 45KW.

POWER & EHERGY TREHD ] POWER & EHERGY TREHD N
mer q3.8KW | 43.8kW [ 43.8kW e F4.0KW B 34.1kW JU 34.0kW |

“60.0k  FUND & 0:37:31 Q dpx o |

— | =

%
e

| |iseo agm ggm . 2gm | 1gm
06/ 18/09 10:45:46 398V 60H=z 38 DELTA EHS0160 08/19/09 13:57:27 J98V G60H=z 38 DELTA EHS0160

il JHEZT = | OH IOFF | CURSOR + | HETER RUH

ower trend 23

30



2. Building DR Potential paran
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Cogeneration generators and emergency generators, ESS is available to be
replaced DR resource. Then Fuel cost, wiring correction, instantaneous
power failure and so on are needed essentially.

——————— Communication line

Power line

DR Load Emergence Load

- Load
Watt-hour meter Connection

Distribution

'« Switchboard _board

Gate Way b

Ry S Do

Emergency
generator

Local EMS

;,,~v
o
3
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2. Building DR Potential and system paran

energy

Directly to the Electricity meter for requirements and KPX and LA receive

real-time electric usage data through wired/wireless (CDMA or LTE-m)

SMART _ so-s10m
Melering Device @838é¢edede

g] 15min data:0~95 10 SMintst
WP ) Pulse B 99S Al SIS
- date:96,97,98 0: 15Min 2: 5Min2nd
EOI - (single) (addr 100 Er21/2)
ﬁ" mode:99 3: 5Min3rd
3 .
GND 15min datai0~190 5: SMinist _ B
-3 A kWh ‘ o B A92DHA 2IIoks
-l 8 date:192,194,196 4: 15Min 6: SMin2nd
= . < (float) (addr 200 £H21/2)
T TR T v et e (R mode:198 7: 5Min3rd
o W &~ %t: . ‘
=Y 5-minute power meter readi
(Bigital Guput ) 2
KEPCO Power meter addadadadadaigiiily
% 2
Protocol Interface 2 5

v

Wired or CDMA network
Real-time data transfer
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2. Building DR Potential and system paro
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5-minute data can be utilized in addition to power exchange market
requirements

Diagram of Power-meter System

\
Meter box

I
I
I
I
I
I
I
I
I
I
I
| Enclosure
I

Digital
meter

Tranfer data

¥

Digital
meter
Gateway

(TCP/IP

|
I
|
|
|
LAN :
|
Modbus) :
I

Communication via wireless

Connecting KEPCO meter
and data line
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1. Building Data analysis paran

13,000kW (Capacity Power) Office Building in Seoul

Electricity quantity Temperature CBL(Customer Load Baseline) Temperature

W

X : Temperature
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1. Building Data analysis aran

Correlation between Electricity quantity and Temperature, hourly
(April~August, 2017)

104 144 174 204
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2 2 2
At 750- e an 750~ a0 750-
o4 o4 o4
e e e
500- 500- 500-
10 15 20 25 30 15 20 25 30 35
712 712
114 154
L]
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2 2 2
a0 T50- e as 750- a0 750-
o o : o
z z z
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.
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71e 71e 71e
124 164 194

1 1000-

750 -
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1. Building Data analysis paran
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s

Correlation between Customer baseline load and Electricity quantity (2017)

13,000kW, 42F 2,250kW, 22F

cbl

cbl

e

1500 2000 3000 3500 4000
hewie cum Doux. s

C o 300kW, 7F

cbl
cbl

w00 =  n A& W kR =

—&
L=

—
—

—
Fa

80 120 160
hour sum

hour.sum
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1. Building Data analysis par
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Monthly Distrubution of CBL-Electricity quantity in two office Buinding

e [ 13,000kW, 42F ] [ 2,250kW, 22F }
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|
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2. Building energy mgmt. needs paran

¢ Change of the Energy Management Needs

M

Trouble-free P 1

= SHIREH
INFORMATION
Power suppl e ELORDS

P 'E"‘""Eﬁﬁési“s“s“s” STl] RAGE &
Gt ABILTY Strs EXANPLES 2 miso

B EAHTS

21
PETABYTES &
INTERNET 2

ergy equipment
ficient managemeht:

Smart energy
management
(Prosumer)
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MP. +82-10-2002-2275
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