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(1) The development of new energy technologies — New Energy and Industrial Technology
Development Organization, Mr. Hiroaki Ishizuka.

(2) Renewable Energy Development in China: Challenges and Opportunities — National Center for
Climate Strategy and International Cooperation, Mr. Li Junfeng.

(3) Renewable and other low-carbon technologies — Head of the Renewable Energy Division at the
International Energy Agency (IEA), Mr. Paolo Frankl.

(4) Advances in Next Generation Energy Technologies: Enabling the Transformation of Global
Energy Systems — Director, National Renewable Energy Laboratory U. S. Department of Energy,
Dr. Martin Keller.

(5) Sector coupling and system integration — key elements of the next phase of the energy system

transformation — Christoph Kost, Andreas Palzer, Philip Sterchele, Prof. Hans-Martin Henning.
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I Opening, Keynote Speeches, and Panel Discussion

June 18, 13:00 - 17:40

Opening 13:00-13:05 | 1) | General Chairman, Prof. Kazuhiko Ogimoto
Grand RE2018 International
Conference
13:05-13:10 | 2) | ISES President, Representative | Dr. Dave Renné
of International AC in Grand
RE2018
Guest 13:10-13:20 Director-general, Energy Mr. Jun Takashina
Speech Efficiency and Renewable
Energy Dept. METI
Keynote 13:20-13:50 | 1) | NEDO Chairman Mr. Hiroaki Ishizuka
s h
peec 13:50-14:20 | 2) | Director General, National Prof. Li Junfeng
Center of Climate Change
Strategy Research, China
14:20-14:50 | 3) | Head of the Renewable Energy | Dr. Paolo Frankl
Division at the International
Energy Agency (IEA)
Break 14:50-15:00
Keynote 15:00-15:30 | 4) | Director, National Renewable Dr. Martin Keller
Speech Energy Laboratory, Golden,
Colorado, USA
15:30-16:00 | 5) | Director, Head of Fraunhofer Prof. Dr. Hans-Martin Henning
Institute of Solar Energy
System
Break 16:00-16:10
Panel 16:10-17:20 "How to accelerate Renewable | Facilitator: K. Ogimoto
Discussion Energy Integration” Panelist: METI, Keynote
Speakers except NEDO
Award 17:25-17:40 "Renewable Energy Ensambles | Facilitator: M. Kondo for,
Ceremony Award" Prof. Kosuke Kurokawa
Dr. Dave Renné

&2 ~ Keynote Speech
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(1) ~ The development of new energy technologies

New Energy and Industrial Technology Development Organization(NEDO), Mr. Hiroaki
Ishizuka fEf# R - 1973 55 — KR M@ Z 1% - HABUS R 1974 F£E(H) 17—
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(2) ~ Renewable Energy Development in China: Challenges and Opportunities

1F National Center for Climate Strategy and International Cooperation, Mr. Li Junfeng f
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(3) ~ Renewable and other low-carbon technologies.

[ 3 @ i Head of the Renewable Energy Division at the International Energy
Agency (IEA), Mr. Paolo Frankl 317 i # - it 455 A1l 58 58 F 4= B R /Y B & 28 & 28
o] oA RE TR B ity AT R Bl A B R K - B2 0 B Rl - Bl N ED P Y i R
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(4) ~ Advances in Next Generation Energy Technologies: Enabling the Transformation of Global

Energy Systems.

1F National Renewable Energy Laboratory(NREL) U. S. Department of Energy, Dr. Martin
Keller fyfii#EH2t » B X 1 42 A8 H B == 2 FF 4k F1IL 2% N /9 5 T /Y 55 B s Ul 0 X
B BRI EHERE - EHRREFERRGE ST > PIRMEE -
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S - BE LAY LR IR IS N D) RS RN % A AT E -
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(5) ~ Sector coupling and system integration — key elements of the next phase of the energy system

transformation.
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It 55 "2 H1 Christoph Kost, Andreas Palzer, Philip Sterchele, Prof. Hans-Martin Henning.f&
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(5) ~ G S8% % R

MW AR e c a8 F st 2 8 0 99 H12 " Power Smoothing Control of Battery
Energy Storage Systems for Microgrid Applications ;L &% " Optimal Scheduling and

Control Technology Research for the Isolated Microgrid | -

(1) " Power Smoothing Control of Battery Energy Storage Systems for
Microgrid Applications |
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(2) T Optimal Scheduling and Control Technology Research for the Isolated
Microgrid
BB 48 72 HH L gk A 2% e /N Y o e =B DI B F P 4H e Y BT 42 RN 8RR T A
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e Without day-ahead scheduling
Est. Cost [l With day-ahead scheduling
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(2) ~ HABHEE RS E AR

(1) " Development and demonstration of compressed air energy storage system for power
compensation of intermittent renewables |

I a1 H AR sEREE b gE AT (Institute of Applied Energy, IEA)HY M. Ito i
TE8 % FEZ#H B4 25 K % 85 (Compressed Air Energy Storage, CAES) £ 4 i
TTEJIHEE > e R R ENEREETEREm TR &Y - itEEHE AR
W BE JJE B T2 R g %% 4H 4% (New Energy and Industrial Technology Organization,
NEDO)FT T &y 5 4F 512 (2014-2018) » :F = %% & R&D on Grid Integration of
Variable Renewable Energy » EH 1 CASE 240V H 53 > &= IEA B i H K2 4L
[E AT o —f% 1S » CASE A H AR A GE R 2 & 7l - W& E R L3 &
L E 13 -

CAES - Gas Turbine / CAES - Adiabatic \
Intake Electricity Etha\ust Intake Electricity EXha/tht
C: Compressor ‘1\ Y.
M:Motor
G: Generator c T c F
T: Turbine — i\
E: Expander Fuel —>| Combustion
A
\é li Cooli > Therma > Heatin
oolin oolin
\l, g j Storage g
Compressed Air Compressed Air
Necessary Not Necessary
Several minutes ~ 10%/sec
(depends on Gas Turbine)
Several minutes ~ 10sec
(depends on Gas Turbine)
55~ 65% 55~ 65%
Commercial Plant in Germany Demonstration in Canada (2015-) /
And the US (1978-, 1991-) \ Demonstration in Japan (2017-) /

[E13 ~ WATEEANE 22 SR FHRE S &Y ELEL

iz at 2 (A VR Y CAES &4t » H TR EAE 14 Frow > ADZER
FEIEE RHR N > R A B DT E ARG > B ZE R E BT B2
%15 H



&0 ZER T EVE W @R E fF FUH (thermal media) > 28 1% & 77 7Y 2R 4B 0V B A
N o B EE N ERT o (F B A A PR B M ZE SR T R 4 22 SR 6 5 B
MEE AR - BAMETh MR ELET - HAT > FREEFHATHNEE
Ry —REMZRG - BASKAE - mFEw (H1b) - BYRBERASZME -
WH R ER SRR > FEZXNERIE EFET oNZER - HE WS > #A
CAES ZtH iy o & > (HE A LU B EL © (LA & B fig s v ml g NI > (2)
FoR Q)BMEERSNEHE - ()M S LS - (5)E Ok kA B &k -

3 TR
5 7] SETERI D 3k
TH-> J4[ ]_1 > TN
kL 1] 7
EAEH I AAA BMAg 7%
(E—45—) e—C——T ] (RBH)
. [T >
BN L——-m

[E14 ~ AEEHPARIY CAES Z &y TIER
(FRJE © https://www.iae.or.jp/2017/04/20/20170420news-release/)

ZelERNPEFE RIS = LT BIREE T — % CASE R &i#AE s
&R 1500 P 5 AR > HE S2 EEKE 2 AR > & 112 AR > R RRET R
0.93 MPa (Y B 4 z= 5@ 18 - DL R WY & 500kW By SR B > W55 4 A 27 H
EJQFKUEH( 15) » LGB R TE AR EE 73 E R (18,370 kW) HY
tHEET] - BEAEMEN K R THSR ATHH X HAYE 7% EiR 00 - LLETT CASE A4t
FEAEUEHY H AU HFAE - FEARIE 1 /NG A Ay FE A0 R [ 5% 3 a f 09 A AT 5IR AR - AT
PEREEET > W LLEE 30 5 88 K — {1 [ ) 2K 58 52 5 BE Wh A 2D R i tH (8] 16) > DUR/D
RSB RHEN RGN E -
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@15 - 7 5 Rl CASE 4R GEREIERL A B8
(FJJE : http://www.nedo.go.jp/ugoki/ZZ_100594.html)

Power (pu)
10 —m : ———

Time (hr)
[E16 ~ CASE Z 4t fFERELLHY I ETHE &

(2) " Optimum operation plan of storage battery in consideration of temperature and life
characteristics

R CH HAEE KE Electric Power and Energy System & Eg = {1y 111 [
{Z 55 7 4= (Nobuhiro Yamaguchi)# 1738 3% » T 322 85 B 20(FH 18 22 [H 3 o0 | &

WA HE o DREE AN BRI BB GRS o T
% 17T H



{i# AE BB A B B B ) B BAEOE B SR AR R AN ] 17 PR o T B UMOR B R BR B R
(B i B A B 18 B o Hoop Q BB EE  HESHR R M2
B SRR AY DR FE B P TR O A (o AT R 2 o R O T R 3R B T B I Y
Bl EREEAE - AEE Y RS (Entropy) AT iE B HY AE E1H K -

Storage
battery Heat transfer between
Outside air
| <4
— W -
Ca © h Heat transfer coefficient [W/m?K]
Tor Tam Tow 4 Surface area of accumulator [m?]
T5; Storage battery temperature [K]

wall T,..,» Ambient temperature [K]

K Heat transmission coefficient [W/mZ2K
0ut) = h A(Ty1(0) — To(1)) [Wim?K]

S Surface area of wall [m?]
O0,(8) = K- S(L5u(1) — Torn(1)) T,.. Outside air temperature [K]

[&17 ~ ERE T BRI ] B B AR R A Y

0T (t
Cor ‘;;( ) _ Q;(t) — Qq(®) O, Joule heat of battery [J]
Cyr Heat capacity of battery [J/K]
Comb w = Q (1) + Q,, () C,.» Heat capacity of air [J/K]

[E18 ~ B R B Y -t B R 5

H—TH - AMENMNSasEEMNNE 19 fir 0 ElERRKEERENE
e WK FEIR o FTE YR AR 8 8 B 8 Ot /Y ) 6k & & & (residual
capacity) > HZl&E 20 Fr s e

itk UEHWR/DNHESEM R HE R - 1R R E RS - &S o 2=
PR % 2 5] 5 B2 ok By S /MER o - B A& 15 6 Bt B8 i (8 1Y S B 5T F AV BF

= dilE 21 fror e
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[ Determination of maximum B,, Maximum capacity of [kWh]
Capacity of accumulator battery] B Storage battery residual capacity [kWh]

a a Storage deterioration capacity
B (0 1) =B ()= —— B(l} . . -
100 o, a, Residual capacity upper/lower limit rate

. . Storage battery capacity [kWh]
[ Residual capacity upper

and lower bound constraints )

rated

ale(t) = B(t) = _auBm(t)

m
pper limit
T available range

lower limit

Time [h]

19 ~ B A A BT AY

B Define the variable dif<, dif “ representing the charging /discharging state
using 0-1 variable

[ Charge and discharge mode]

Charge discharge

\ 2

B(t) — B(t — 1) > M(dif°(t) — 1)
B(t) — B(t — 1) < Mdif(t)

\ 4

B(t) — B(t —1) > M(dif%(t) — 1)
B(t) — B(t — 1) < Mdif (1)

M: very large constant

B Define the 0-1 variables cm and dm that take over the previous time to
the state without charge or discharge

[ Dealing with no charging / discharging state ]

Charge discharge
em(t) > dif€(t) i dm(t) > dif (o)
em(t) > em(t — 1) — dif 4(t) + dm(t) > dm(t — 1) — dif °(t)
cm(t) +dm(t) =1
dife, difd cm, dm
N N
charge
discharge

[E20 ~ T/ ERHRRE B R R AR R 2 R
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B Objective: minimize the electricity fee per day

24

Zt=1(c(t) - Pg(t) — Cpv * Pseri (1)) + Cpd * Fsmax
Electric energy Power sell fee Basic charge
charge

c: Electricity price unit price [yen/kWh]

P,: Purchased electric energy from grid [kWh]

c,,: Power sale price unit price [yen/kWh]

P_;: Volume of sold electricity [kWh]

¢, Constant electricity price per unit price per day [yen/kW]

P...... Maximum buying power in the consideration period [kW]

SThax:

[&21 ~ B A RV T AT H RS
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2011 FAE B KB HIR - HARBUFFR 758 M HE B /AR gE R 48 e 4h > 3 ¥t
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(Feed-In Tariff, FIT) » DL K ¥ K 2% 8 B A #th BVE TR 8 J1 09 B 28 2 B 3t BB % iRz
B BERS % 52 0N E] B AN BB St BLER Bh 0T 5T Bt B SR EE R e 0 WG Y 2012 4R 12
H 4 H 17 H A 2447 & (Japan Geothermal Association
Hg BnEE 7 ERH G EME > HHBEEEETUERSKHETERIE £
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FEZEHHBAEEEERCR - (BB EEHBEAMEE - JIGA AYMH & A
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ELEEHEEMARE EENIE REREE
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POREFREE > WIS THBNHEERE > fIOESFEEETRAR
(Fukushima Renewable Energy Institute ; f§ % & FREA) > B &% 7 %I 88 (09 #2045 JR
PREN R i DL S8 B 57 4t BVE IR - A BR AV ES AR BT 40 [ 24 Fror o B A BUR R
BAEBMATNZEEESE  WEAEEGR » DHIENINRKEZETH RERER
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BT HAB AWK E TSI IGAtLEME T E A ZBIINGETS -
THEER ARSI HARBEAEE » W HPEFTRE —ErEEs - BN
BENHAFENRHMEREESUMERN KRB EHEEE > SABEEER
BN ERPTERE DY 4 5% Ulubulu 32638 55 g > o] B B A4S #2038 88 52 filif 19 ke 24
& CrefmEsNETE DTSN o BN YA &R R E 2
B N MEEERAL B2 —ERFOEBE  WHEHESEREMERIE N
KERERNESHEFLR S A - SR ZJLHE ¥ EHE 62 (Binary Organic
Rankin Cycle, BORC)# & # & R R & BN MM > N UINBH AR HH
o e KA OR SR BB B S b > MR R S AR N LR » &y T 42 ORC & E Y
AR R THEMNE SFRGERMES) - KE AR Tube and Shell Y 58 2432
s Ry Double Tube AYF8 BAATH#A 25 - AE I BV HARUCR IR & &Y 20% > 40 [&] 25 Frow -
K% GRAE BEANAMAERANERN RRERERNEEMEE - A
PREEEE) 0 JGA IEAEMU BT Y BS J) o AR B M E L E Ay [E R o A S i
R B R PRt T e - BE B RNET -

Brine

Brine
I ]
C—
=

NH3-H20
NH3-H20
Existing Heat Exchanger New Heat Exchanger
1500
1400 — - New Heat Exchanger _ Design point
1300 ] ® Existing Heat Exchanger y <
1200 :
___ 1100 -} - ]
= 1000 . =
g 900 3 el e
= N _
3 800 - /../’{;
2 700 H i %/
g 600 - ST S s M >
500 — _€e
400 R /0/
300
200
100
o T T T T T T T T T 1
o 50 100 150 200 250 300 3s0 400 aso 500

[&25 - FresAlag BORC #sgitias 2 PLEL
(5 : “Development of Micro Grid Kalina Cycle System — The First Demonstration Plant in Hot
Spring Area in Japan”, Masatake Sato, Proceedings World Geothermal Congress 2015, Melbourne,
Australia, 19-25 April 2015.)
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Power Smoothing Control of Battery Energy Storage

ITHRERFREERE
PR

oy Counci

Systems for Microgrid Applications

Battery energy storage systems(BESS) integrating neural network (NN) forecasting technique and a low-
pass filter (LPF) with the power smoothing control for microgrid applications is proposed in this paper.
The NN forecasting is developed to decide the mode of BESS with the power reference. Moreover, the
LPF is designed with genetic algorithm (GA) based on the sizing of BESS can be carried out. Also, the
BESS with a DC-AC inverter and a digital controller is presented to demonstrate the applicability and
functionality for the power smoothing control for PV systems. Finally, the simulation and experimental
results are shown to confirm the validity of the design concept.

Grid

Switch

—

® The proposed BESS

Loads|

q

Iﬂﬂ%®
— i |
Fig. 1. Configuration of the proposed BESS
The circuit diagram and control block of the proposed BESS, which
contains a battery system represented by the dc source, a full
bridge inverter with sinusoidal pulse width modulation (SPWM),
loads, and DRs is shown in Fig. 1. There are mainly two operation
strategies: Standby mode and LPF mode. If the weather is stable
and the NN forecasting curve is smooth, the BESS is in standby
mode and will not compensate the generated power. On the other
hand, when the forecasting curve has high rate of power fluctuation
and the generated power fluctuation may go to outside the
requirement, the BESS is in LPF mode for smoothing the output
power fluctuation of renewable systems. The circuit rating and
parameters for the system under test are shown in Table |.
® The NN Forecasting Technique and The LPF Design with GA

Input Hidden Output (b) August 21, 2016
Layer Layer Layer e ’
vii|
/ LY
7 X

o

(a) Neural network

Fig. 2. One-day-ahead prediction of the PV panel
Fig. 2(b) and Fig. 2(c) are the comparisons between forecasting
results and real data on August 21, 2016 and August 23, 2016,
respectively. As shown in Fig. 2(b), it is possible to obtain good
forecasting results by the NN learning in the insolation changing
with regularity condition. On the contrary, Fig. 2(c) shows that the
forecasting error is much larger in the insolation changing instability
condition. A first-order LPF to smooth the output power fluctuations
wable systems is used. Fig. 3 shows the block diagram of
3. The real-time PV generated power
red by the BESS, can\tﬁ_translated into the

TABLE I. Circuit rating and parameters for the system under test.
Parameters Value

Rated power 1 kW

Utility voltage 110 /60 Hz

Output capacitance (C, 2w ]
Switching frequency 20 kHz

piD) — 10 _+ — E(
T l>—>

LPF

Fig. 3. Smoothing the output power fluctuations of renewable systems.

Generate initial random e ——
population

Calculate fitness functions of the Mutation of chromesome
chromosome in the population

Ts the optimization eriteria
met?
Yes
Optimal chromesome

End

Parents selection for next
generation

Fig. 4. Genetic algorithm procedure.
® The Computer Simulation and Experimental Results
20

. — piteea Swage srergy of i BESS
[ PXFerea) 10 \ forpever smoemig
1500 1 P1-P3 / e
1o VAR
1m0 _ 1 |
2 3 |
§ / Z o |
H f - J
0 £ ———— 3 /
L p
s V “ / \
a = /
(a) / (b)
5 m‘ 15 20 5 10 15 Ed 2

R— Tuea(hoe
Fig. 5. Simulated results of (a) the power smoothing for tﬁe A3 kW PV panel
and (b) the storage energy of the BESS for power smoothing control.
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(a)PV generated current chang (b)PV generated
from0Ato4.3A from 4.3A to

Fig. 6. Experimental waveforms of the gri

generated current, ipv, and the-smoothi

PV generated current changi
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Optimal Scheduling and Control Technology
Research for the Isolated Microgrid

)
. / Shyh-Wern Sun
Institute of Nuclear Energy Research (INER)
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+ Introduction

+ Site Description

+ Advanced Energy Management System
« CaseStudy

+  Summary
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Introduction

# Advantages of microgrid
s Operatingineitherislanded mode or grid-connected mode
= Increasing penetration ofthe renewableenergy
« Decreasing power transmission loss
+ Reducinggreenhousegas emission

# Benefits of energy storage system (ESS)

« Balancingdemand and supply

» Regulating power quality

» Providingan energy reserve

« Mitigating output power fluctuation

# ESS operationchallengesinan isolated microgrid
= Voltage and Frequency stabilities
» Unbalanced loads compensation
« State of charge (SOC) management

» Reasons for SOC out of control
= ‘Weatherforecastinaccuracy
« Powerlossduetotransmission and switching
. ent precision

INER Microgrid

» Firstmicrogrid testfield in Taiwan

» Accepts dispatch commands from utility DCMS to execute
« Connection or disconnection with distribution feeder
« demandresponse controlvia OpenADR protocol
. provndlng stable powerto dlstrlbutlon feeder asVPP

O
| TPC Distribution

%28 H




Infrastructure of Studied Microgrid

# Renewable Energy

. PV (20 kW PV & 36 kw PV)

> Gensets
- Microturbine (65 kW)
- Diesel gen (200 kW)
» EnergyStorage System
- Serve as swing bus

« Power converter (100 kW)

- Battery (60 kWh)
# Load
. DOffice (60 kW peak)

E Vieather forscest Insccuracy

Mezsursment precision
L]

EMS
———
To Zonedf3 1

Staths
Switch

Problem in Conventional EMS

— PV Garanadon

o L Casspdon

e Meural Metwaork

Loadforecast PV forecast

Devidion to forecastPV & load

Day-ahead
scheduling (DAS)

l

Generation power
according to
schedule

-

Blueline: forecasting
s actual

i

Al

UszeMIP ar P30 to
perfarm DAS in
orderto minimize
operational cost

u il il HHH

Once a microgridruns inthe isolated mode and adopts ESS
asits swing bus, ESS willtake over these deviations
automatically andthen miss away fromits scheduled SOC.

S0C 4
Scheduled

Actusl

Blackout
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Functionality of Advanced EMS

; OYYYYY Voltage &
Il UG Frequency
MO S 2 Control

e

()

Generation
Management

~_  J

Energy
Management
System

Load
Management
7

)

ESS
Management

e

Real-time Dispatch
Step 1: Validation of day-ahead schduling

Loadforecast PV forecast « Actual Met Load (AML) = Load— Renewable Energy.

| + Reference Met Load (RML)= ForecastLoad —Forecast

(e Renewable Energy.

| e
Ref. NetLoad . Because 1-hourtime interval is too rough to reflect ANL

Day-ahead gradientchanges, RMLIs cutinto several subsections.
scheduling (DAS)

}

ReaHime dispatch l
1
l hr-1 hr hr+l
Generation power M Current time subsection
aog:rrding to real- M N
time dispatch RNL = > (Layy = PV o) + 3 (Lir = PV

* « MetLoadErroris usedto evaluate forecastaccuracy.
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Real-time Dispatch
Step 2: SOC Control with minimum cost

LI ]

Loadforecast PV forecast

L]

Ref Met Load

Day-ahead
scheduling (DAS)

|
Reakiime dispaich
l

Generation power
according to real-
time dispatch

L]

If exp is allowable, next subsection will follow schedule.
If not, next subsection will actuate real-time dispatch.

If 8.0z 15 not allowable, nextwill actuate BT dispatch, too.

Feedback control

Fallaw day-akwead
scheduling

During BT dispatch, Simplexis usedto minimize the
operational cost.

Cwring BT dispatch, feedback contral and Pl cantroller

are usedtoeliminate S0OC errar.

9-hour Continuous Operation Test

» Weather forecastdata: 13~14°C intemperature, and 80%~100% in humidity.
» DG1 isdiesel engine with 0~200kW power constraint, DG2is uT with 10765 kW.
» Initial SOCis91%, and Final SOCis scheduled as 92%.

Tomomsw-s hesang
P 1

Todey s hmafng
AN AN

seak

—

VERERER RN

.

e P

Sast-Tome v 4 Schecing s

EoEENENRCTenEn QD
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SOC Control Result & Costs Comparison

Measured 2% . The SOC is well-controlled.

8% '
| L ‘{ "‘_-4.‘// + The measured S30C fluctuationis

caused by 1% metering precision.

Scheduled

« 1USD= 30NTD
+ Costwithout RT dispatchis 114.5 U300,

+ Costwith RT dispatchis 101.13USD.

11

Summary

# As a microgrid runs atisolated mode and uses ESS as its swing
bus, SOC controlis a crucial issue.

» However, many unexpected factors would truncate SOC.

# This study proposes a real-time dispatch scheme to deal with
both the SOC control and economic operation.

#» Experiment shows notonly the SOCis maintained well, but
also the isolated microgrid operated economically.

A

- e

12
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