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Dates Course Duration
1ST QUARTER POWER SYSTEM ENGINEERING COURSES 4 WEEKS
August 12-13 Power System Fundamentals 2 days
August 14-16 Power System Analysis and Symmetrical Components 3days
August 19-22 Transmission Planning and Analysis 4 days
August 26-28 AM Surge Analysis and Equipment Application 2.5 days
August 28 PM-30 Reactive Power Compensation and Voltage Control 2.5 days
September 3-6 Protective Relaying Fundamentals 4 doys
2ND QUARTER POWER SYSTEM PLANNING AND ADVAMCED APPLICATIONS 4 \WEEKS
September 9-12 Synchronous Machine Fundamentals 4 days
September 16-19 Power System Dynamics 4 days
September 23-26 Distribution Systems Planning and Engineering 4 days
September 30-October 2 Smart Grid: Substation/Distribution Automation 3 days
October 3-4 Power Electronic Applications in Transmission: HYDC and FACTS 2 doys
3RD QUARTER POWER MARKETS, ENERGY ECONOMICS, AND STRATEGIC PLANNING 4 WEEKS
October 7-8 Global Power Markets 2 days
October 5-11 UI.S. Electric Power Industry 3days
October 14-15 Power Plant Financial Modeling and Evaluation 2 days
October 16-18 Utility Economics and Power Systems Operation 3 days
October 21-24 Strategic Generation Planning 4 doys
October 28-31 Competitive Power Generation 4 doys
4TH QUARTER EMERGING GENERATION TECHNOLOGIES 4 WEEKS
November 4-7 Smart Grid: Demand Response and Dynamic Pricing 4 days
Novernber 8 Advanced Metering Infrastructure Fundamentals 1 doy
November 13-15 Fuel Flexibility and Alternative Energy Applications 3 days
November 18-21 Energy Storage, Electric Vehicles, and Distributed Energy

Resource System Integration 4 doys
December 3-6 Fundamentals of Renewable Energy Systems 4 days



5 - A (1°T QUARTER)
()& * % SeiA# 4 5 (Power System Fundamentals)
(Z)F 4k 5uh 4722 4L 2 & (Power System Analysis

and Symmetrical Components)p % ¢ 3 :

1. ®HF B EF A * 752 2 ;% (Fundamentals of magnetic and
electric fields)

2. 5] T M 4 Het 5 (Introduce parameter calculations for
transmission lines)

3. F# ~ m¥ & ¥FARLH F 4 % (Concepts of active ,reactive and
apparent power)

4. T #§r= 4p & ¥u(Balanced Three-Phase Systems) ~ % I == 4p %
#u(Unbalanced Three-Phase Systems)

5. ¥+fL= 4 (symmetrical components)

6. H ¥ sl ~ MERNTRmZE Fro i &

(= )ii%l T % LA 2 4 47 (Transmission Planning and Analysis) 4% ¢

1. ﬁi%] DA R BRFTRELT B TR R
B ITT AR MM - L REBT AT FME -

2. A LRV AR T A IAEER KL D él?‘ AL R F
NERC(North American Electric Reliability Corporation) =~ #

BRI R RS
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1.
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&3

A Fapendiiel (£ @ 3= Ak LS E g ke 4
W uEL TR B IR S o e L’?ﬁ"ﬁiﬁﬂ%ﬁiﬁﬂ%?a‘%ﬂ
TAGRTRAR S TRWLERKT ARG o SBE RS
UG AN R TS S A R b AP B s TRl A

e o F R g £ SOl B § R A o BIP 101 E B
FAL X TRERIE TR F B T2 RO RRIER S
Moga 2L RS ANRTRLTAF FHE R

AR AT SRR E F N AP R AL R A S

Electricity Demand Forecast
Generation Planning

Transmission Planning

Distribution Planning

Corporate Financial Planning

Least Cost of Service

T
Present Worth Price Financing
% ¢/kwWh $

Bl- =4 iAREERIA
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5. T4 kA 45408 PSLF A25% # it 41 5 2 3 17 g b2

6. = 4 i im 4 +7(Power Flow Analysis) ~ & 3 ¥ s 4 47
(Contingency Analysis) ~ & £_& 4 +7 (Stability Analysis)g 4 &2

§ole

(z) R A $7E % % & * (Surge Analysis & Equipment Application) » 3%

2R F e o7

1. p 4R & % (self-restoring insulation)

2. 2L p PRAR & % (non-self-restoring insulation)
3. FHEMp AT Y

NS IS

(7 )mr»cq 4 4F § &2 7 B4+ (Reactive Power Compensation &

\oltage Control) > A2} % ¢ 7.

LAk f il 2 o 5 Al B
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& >t 5 (The Reactive) sk ez L o g # F 4 5 3vg BRE

i R Wl o

Lightly Loaded
Overhead Lines

Load System Voltage

Cable Circuits

Generators

m

Capacitive
Compensators

Flow from
Other Areas

The Reactive :
Inductive
Power Tank Compensation

Heavily Loaded
Overhead Lines

. . Flow to Other Areas
The Sources and Sinks of Reactive Power

The Reactive Power Balance must be struck on a local basis

Courtesy of Nadonal Grid Co. UK

7 M 7 > 5 (Real Power)£ & »xr 5 (Reactive Power)
ol § s IV AR e RTRER R4EH Rons R

FTRA ) REF T 2 0 PR ERG e F g Rk

Bl

2

RoREd S LT RAERDRL > @ goonr F et s €

LR R

2

- i\fﬁ@] T & & 47 (Unloaded Transmission Lines)

!

&g A 4 % 2 74 4 % (Introduction to compensation)

13



5. R T O AATRETR AL

6. T EEZ B B R A 4 % (Shunt and Series Compensation)

(=) = ¥4 F1485-32] (Synchronous Machines)

1 B RILE B4 5
. T 53] 4 % (Generation model)
3. w3 i % (Exciter model)

4. 74 % 4R T E 4 g (Power system stabilizer)

2013 Power Systems & Energy Course

Bl = 2013 PSEC 1% Quarter ¥ § & 2°
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% - 24 (2°T QUARTER)
(=) %:£ 7 F4L # (Protective Relaying Fundamentals) » @42, % & 7.

L kT AR R R

Bz FETIFRL R AT LE

A, ¥ & (reliability) @ & F "™ & F7 (7> By
4 PFRE IRk

B. E# M (selectivity) : sl # 4 pF > Wi D] ¥k o
Frbre & ooy o

C. g (economy) : 3% & 3G Ko FLEF OTHFHT o

D. % >(security) : I F&cFc¥rclfikh » #F 4356 (F o

E. i & (speed) : P& ¥ (Fi¢ sl Fige &AL F ecdfp < -

15



2. v+ 7 B (Current transformers, CTs ) » * & ® ( Voltage

transformers, PTs) 4 %

3. i 7 ;T #(Overcurrent Relays) ~ i#|3E 7 #(Distance Relays) 2

L 77 ADF) 4 %

B

FRREN L

4k kuds ii 7 7 (Power System Dynamics): B 1¢ & bt i %

NS

&H

()

BT R AT LR R 0 R FE

&

L 24 AR PAARE SR FFRT TRET

Power System Stability

* ability to remain in operating equilibrium
*  equilibrium between opposing forces

I Angle Stability | | Frequency Stability | I Voltage Stability I
+  ability to maintain synchronism + ability to maintain frequency + ability to maintain acceptable
+ torque balance of synchronous within nominal range voltages

machines * generation / load balance + reactive power balance
Small Signal Transient Large Disturbance Small Disturbance
| Stability | | Stability | | Shart Term | | Long Term | | Voltage Stability | | Voltage Stability

| Short Tem | Long Term

BlI 74 )% ‘fu%%i}iéa\i‘ﬁ
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2. A LRI ER AT
(1) I % % 7 #-3](Sychronous Generator Model)

(2) gz & ki (Excitation System models)

(3)#d 1+ f 2 g & 5 £ #3](Dynamic Loads and Induction
Motor Models)

(4) % # & k48 = % (Power System Stabilzer)

3. % PSLF ¢ 4 ko driit:e 7o 4 A fE 2 R g (T

(1 )pe® & ki3] & 1 4z (Distribution Systems Planning and

Engineering)p % ¢ 7 :

1. fed AALh e kT L R34 4 @ii%l,i‘a SR 2 £

S FRPEIEE R M TRET LA -
2. R b SRR 2 G R
TRAE R R RS ST LB - KGR 5 60Hz #
S0HZ % T % = + @1%13‘&; e o m 240 KREFV i 110 R
SRR U SRS L N PR

i

%, Lt 22 2 = W = ¥
ECR R BRI S S ¥
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BTk 60HZ ~ 240 REFHFRIT A S 0 H AP AR PG
50Hz ~ 60Hz & so(Rf % H_50 A% %% » B & H_60 A% %%)1 & F)p
A B E Y F TR M A Ee R R S0Hz E T4
AT R EFERA > § 6OHZ chgF T8 o 5 58 5 0 B

60HZ ~ 240 K 4F PRl 72 - » B AP g R & 7
W2 3 4 T 2Lk 60HZ ~ 240 R4F > EUGRT 4 e d 16

2%

B en % 4

PN

o
5
ey

W
=4
3

T&D mission and goals
Basic design and operation
Primary distribution

Secondary distribution

Following Tesla's Recommendation

Country Voltage | Frequency
Guyana 240Y B0 Hz
Peru 220V B0 Hz
Artigua 230Y B0 Hz
Mortserrat 230v 60 Hz
St. Kitts and Nevis | 230V 60 Hz
Korea, South 220V 60 Hz
Philippines 220V 60 Hz

N

220-240V/50Hz
220-240V/60Hz

7

220-240 volts - 175 countries
100-127 volts - 39 countries

100-127V/60Hz
100-127V/50Hz

Bl» £ R AET 4 i 2 7 RS F

3R AAT ARG EETE AR LAY SR EN
SR R G S AR AT BRI 00 F (S e e 1RAL

_11’#‘3{%«‘\'"&["1?’/}‘;\. ',f.%';i];’li"]?’;a-—‘ iﬁ]ﬁt’ﬁ,/f %:z_ ::?L



B 5 99.98%( B KF £a | BB T) - s r iR
boT s 2P SAIFI ~SAIDI % § 4 2 F 4%

¢ i s i5ix § = dcdy e System Average Interruption
Frequency Index (SAIFI)

& AT nie g pF R 4y 8o System Average Interruption
Duration Index (SAIDI)

® ¥ ©ITHieq Hcdp #:Consumer Average Interruption

Frequency Index (CAIFI)

¢ ¢+ = T3 PR 4 #cConsumer Average Interruption

Duration Index (CAIDI)

(L)FER e pea 2 97p # 1 (Smart Grid: Substation Distribution

Automation) > FHAEP F ¢ 7.

1.

FEA T E(Omart Grid)f£ 4 2 P 0t

RLMpB I MEFENTROREEBE > E2 L il

AR R R B & A

Bl kIR R AR DAL AR
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(+-) @;ﬁi%l & sLg 4 @ 3 38 * (Power Electronics Applications in
Transmission) » FRAZN % & 7.

1. & 4 ¢ % =~ & 4 % (Power Electronic Devices):

Anode Cathode
+

Dr

Diodes: /e 25 ¥ & & F inid i@ R
Current
Anode Gate Cathode
+ -
Thyristors: 3 7% 422 £ i % |
Current

2. BRI @ﬁhﬂ % %(High Woltage Direct Current , HVDC) & * i
BB HVDC £ 4 0% HVDC 7 @ i R 8 § »%
FoAHAFRFERDFETREAoARTH > FREARMEL 20
AR S SR I - I SR L L e b
BPGRGRE R VR IAT S AT ﬁ%lzi » 2= HVDC 13 4

i BTHL 4 o

20



B~ A00MW i R E i @k sisb o

(B * % %H:SWECO Energuide AB International,Offshore Wind Accelerator -
HVDC Study,Stockholm,Nov,13,2013)

3. 5B+ 2 ok i(Flexible AC transmission system, FACTS) & * i

ET R R RRN Y BT TEAET SRS

F A LR E RS A SROEFH T

e

~HER

P

4. sgHp % & % (Variable Frequency Transformer) /i %
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Fze

(=)

(3°" QUARTER)
>3 % 4 7 #(Global Power Markets) » kA2 p % & 5
T 4 7 k& -z (Demand for Power and Market Structures)

Wipd E o9 2207 F g 835330 AR & 2025 &
e B A r R-R ek 100 & 80% i R 42k p o 1 R T70%
SRR R p B R Ro #2012 #4238 30 B ehR F AR R
TERTA ReEE 212000 p AT a4 (2012 & p AR

TIA £3F:2 160 mE ~) o

1245 EIA International Energy Statistics »* 2013 & 7 ? it
o270 2001 & 2010 # £ 7 2 48 42% 3.3 1,506GW >
Hoe s~ EH 4 87IGW 5.8 ~ H =t 5 # 235GW ~ &
MI198GW: A k4 2 RAELE P URBEF? R RS L P K

eRF BRI XEF R

% ¥x£L# 4l(Deregulation) ¥ % & 5 s G R Y A EF
B2y A3d £501ED S o434 3 BB P o TR L
PP 2T E AR T LW M E w R RN TE

Deregulation Az & #ie g ° Bb|m 3 » S P wd 57 L
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BH LB AT AR R P ER IR

\“‘\ﬂ
pbig

RB 2R FH - F 59 a7 I BHEE R

T‘i}i}-ﬁg/‘ °

P e R R SRS R AR i R SR
@ B AR R dofeshl 2 - o P g 45%% F X 470

;gyj‘&r”

—\\

L2 EERA cd MR BETRART K SRS

E-

$RRI EE ORI EThRY A R L R LA

FTR P RENHT R HE - A Ese

R R HH ATET S &R RS L2103

EoEy x5 227.36GW 5 H ¢ i b 5006 5 H =t 5ok 4

FERE PR REE FE 2012 £ ) 81.8GW » %
37% ~ ¥rae 30%% B 19% 5 A 0 A KA RFCR LR B
TERELS AP B P Apis 2024 # KR F B LR
70 19 15030MW 3 4c 1 35916MW » & k3 & ¢ vt &
45~50%z ;£ 2 o RARFIFARE S L o 2 HIREP w0 en

2064 4 T 2012 & 110%
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Generation by fuel type (TWh)
Hydro

Others
215 N
4%

c_—

o8

0% CHF
133
3%

Bt 2012 245 M7 4 %
(FA kT 4 5k
Capacity mix (MW)
RCS*, £846.00,
Renewable, 4%
8061.00, 7%,

Pumped
storage,
4700.00, 4% _—

0il, 4108.00,
4%

Nuclear,
35,916, 32%

Coal , 31,445,
28%

7.7 __Anthracite
1%. coal
8.8
%

Bituminous
coal
190.6
379%

BOF Rk E] AL
%t http://epsis.kpx.or.kr)

Generation by fuel type (GWh]
350,000 -
295,399
300,000
< 250,000 -

188,411

59,201

2,912

54467

Nuclear Coal

Bl - 2024 &35 BIE 4 8 3 B-ik b v syt

(F %k J1:5"BPE,Korea Power Exchange,KPX)

25

LNG Qi

8,202 l

Pumped Renewable
storage


http://epsis.kpx.or.kr/

3. £ 2 it 7(Renewable Energy)

FRE YA FT R A R kpesE +1(Renewable Portfolio

Standard - RPS) » 424~ 2_% B> #c T 4 ¥4 & 1990 & 4~ ) % i

@

STARREF P ET LR D FRE LT RGO G AET

&

SR A RERER g R E AR ¢ B

N
Y

DRI FTFAEY T RORTE  FFHE - L hT 4
RRAT R AR RER B AR H EH T LA R
BEFEPE-PHBFEOFLF2012£ 117 RoFHE 7
BRE LM ERE B 30004% 0 AR E B TRE

#R -

ETTRS

S AT EREVENES DR

U.S. State Renewable Portfolio Standards (RPS)

VT: Equal to
2005-2012 load ME: 30%
rowth; 20% g
Mi: 9 by 2000
10%+1100

NH: 23.8%

|
n 2020
: CT: 23% by
: \ NJ: 22.598020

by 2020 CO: 20% )
by 2020 KS: 20%

AZ NM:20% ' DE:::;;' by
15%by by 000 . .
2025

e J - DC: 20%
. by 2020
HI: 40% TX: 5,880 MW
by 2030 ’ by 2015
.,{‘ NC: 12.5%
L | \J by 2021
MO: 15%
Source: Database of State Incentives for Renewables and Efficiency by 2021 [
www.desireusa.org M state RPS .
State Goals

B+ - £®meE Ao ke P E(RPS)

26



(=) £ KW= * 1 %£(U.S. Electric Power Industry) » ZA2p % & 7.

LRI S S I

Fr* RE RS AL IEFE

S
™
).'3
P
s

H
d
%
v

wom TS

ER

\T.‘_:

BTl AT S A R

Coal Nuclear Natural Gas Hydro Petroleum | Renewables | Cogeneration
[Capital Cost Medium High Low High Low Medium-High Medium
[Variable Cost Low Low High Low High Low medium
[Operational Flexibility Low Low Medium-High High Medium-High Low Low
[Time to Permit and Construct Long Long Short Long Short Short Short
Environmental Impact High Low-Medium Low Low-High | Medium-High Low Low
Fuel Availability Plentiful Plentiful ~ :u!ne R Limited 5 )U(ne ~ Plentiful :U(ne
concerns concerns concems
Lirmited by air [ Limited by
|Availability of Sites Limited Limited Flexible Limited quality resource Flexible
permits availability

Source: Enerdynamics: Understonding Today's Electricity Business

BlL = 7 bapacntsod & Al

2. METASHFEREEL AR

3. R A E FepA- PIM T4 9 35 B

4. A ETA B Hp D erig BATAeR 3 F WP £ 2

G FE L P 2 LRAL S B R AR AT T

A AT IaE R o
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(L =) T FpaxHcA] g 2= (Power Plant Financial Modeling and

Evaluation)p 7 it

TR RAART®RALS L HLS A2 Eh A HITL L4
ZRFEFTFY AT HAIFTA LG ALASEKEHF(TH T

%ﬁ»a;’%&k»?%fﬁﬁﬁﬁ»\giﬁ»\ﬁyﬁﬁ
Joor PR ARG VA A SR IER A S B s FAIL 4T
Boderfrie 2 RGEHRE S LR AAP a2 FERETR
B Al Ap B2 o & % 7 & (Net Cash Flow) £.4p - T/ o

BET T r B3 XN 2R F BT TR RGP P R e

TETRCTATSR G 0 3 BT TRER T A R A
GEY R HOFER AR REZNEFLS LB AT R

B AcwH e p LR 4 o AR AT P HY FE
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Pt b RER S LR R E - 3 A f R E R e

~ 1B 47 b+ §.2013 # 87 27 p §k & #7% 754 ch Entergy
aPF LM G e F R RIM B R R Y anE A P
THO RO P AR g2 mERT 0 2014 £ % 2%

oM AERRAZRAERPEE AT ETRS AR AL

N
o
o
N
o
>_l.
ﬁ

ApE~EX 22T RAE)# BRI T G

Fea o 3%

T4 LR R Bl H o I BRI R 4R 0 R e

[ R A RN, B S -

B~ WA AF T TR A R A RE R ha s
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()

Systems Operation > FHAZp % & 2

1.

3.

*EE AT 4k suid i Utility Economics and Power

A

TP HEAREL T B F N TR RS (R

Z N l},‘]i%’v?)\li/;%\ j\,l}i’;f“%l;\ﬂ&f“i,u °

S FEGARERY O REIFTECLEPWRE JIFE P
A HHOETENRFTIE o Y L EA T

TATFFAZIP NI s WEET B2 W R R B 5

P ]ta‘_ﬂia?l T B2 7 A3 Strategic Transmission & Generation

Planning: Az % LI 4o

1.

FERIZ FTBTEAARAE

BT RS

%

ARz I w A - o d HEF R SN R 2013 1

I

2025 & g 7 i85 f@ﬁ%ﬁ%%q D H AT R R
R E L E PR REREFTHT LA A

AR R WEER FEATIRRATL NG E



FREFOBEGGS 2 1 EFF LT RFEL
PR RFRAEREL Ao 15 AN R RER

TORCRE PR Sua MRk SR S R o

(=) T 3L (Competitive Power Generation) » Azp % %

GRS A R (ed A s RIT R ITE M)

2. A HEAB LA B (A A RIS T2 A E)

4, » iﬁ%

ARG - PR EER(ER EINA) R EY B A

>

R

el e 7§ IR L RERed A B o R TR A
Fe eI i-ErEuli- BT P EFED
PiE A RARAlZ e e F o H R e AR,
FEApR iE 2o doiple 08 7 8 o A B RPPERE
FEER R BMEFY R FTE R F o LE § ik

SR AN SRR Bk Sl AU el AR L -

Flo 83 B f PREOPEFE > FIFTHEL S BAE T
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Fo BT AP BB Ao E KT o BB E T A AR
SRS AR chEER R A S R L RS T e A B

=™ R o

BlLtw 2013PSEC #F 2 =9"a & < NYISO 48 & ¥

5 = 384 (4°T QUARTER)

() FELRFEF BEF LT #(SG:Demand Response &

Dynamic Pricing) » 342N % ¢ 7.
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. 7% F & & (Introduction to Demand Resoinse)

. W EA 7 & FA#H2E X (Advanced Metering Infrastructure,

AMI) ~ § §' =4 ¢ 32 (Demand-Side Management,DSM) /i

. ® j5 % #(Dynamic Pricing):

(1) % & 7 H-(Retail Markets):

& ¢ * pF Y 2 (Time of Use Picing, TOU)
% %% 1§ & (Critical Peak Pricing,CPP)

% 4 % .47 4o (critical peak rebate,CPR)

I pE pE R $ (Real time Pricing,RTP)

*¢ & o o

W pF ¥ Y 47 4 (Real time rebate,RTR)

Dynamic
Pricing

J

Real Time
Pricing (RTP)

-4

Critical Peak
Pricing (TOU) Pricing (CPP)

-4

Time of Use

B+ 1 % &7 3(Retail Markets)fz 7 ¥ 3 54

(2)#+ % 7 H-(Wholesale Maekets):

33



& i £ i $-(Energy Pricing): % 3 i #& ~ p % B 3
€ % £ % #(Capacity Pricing)

& & 24 pRAE B 2 (Ancillary Services Pricing)

b WA EFEE R b

5. 3R EF RN LR ZA0E

(L 4) s Bk (Fuel Flexibility and Alternative

Energy Applications) » #AzR % 4o

s SR RO E > R R R TRE(5T T R
AL A A BE)E > T ALER S LR BRI ER P A

R REREA PR BRBRRIAL P sRay .

— Oilprices — . Gasprices .Y Coal prices
$/BBL $MMBTU $/ton
80 15 70 P
e
60
10
5 s
20 20—
10
o o
‘09 01 03 ‘05 07 09 Il ‘60 ‘01 ‘03 ‘05 ‘07 09 C11 Sept Sept Sept Sept
03 ‘04 05 06
— WTI Spot == Henry Hub
= WTI NYMEX Futures — Henry Hub NYMEX Futures Average weekly
commodity spot prices

$50/ BBL $8/MMBTU $40/Ton

Source E1A W Spot Prices: NYMEX Future Frices Sept 14, Source PowerDat from Piotis,  urit of the McBrow-H Sounces: S o N Moot W of St £ Coloat
2006 Companies; NYMEX Future Prices Sept 14, 2006 from KD’IWM m-MHHC ompanies, Inc.

B2 RS LR
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%% T B GEEnergy >3kt R g ot L F e 5=

BapEs Y PR R FRIERE - F AT R E

FE 7% > RREAFT P A s TELNE RERT

M 33 6%:hd E oo Bl EF F A F

L E E 0 2%
SE o EREA T 0 2E 4 T RS E YA 41% =i 4 2030 &
,:4’
-9

4 2 R-F 2008 £ 512 B L b oo

Wester,q'?"j’-éhﬁ’té"r\ri“-fu rope
Eu r.qu‘e._l, )

Pacific_

W 7+% growth -

B 3-6% growth
B 0-2% growth

GE Energy Management - Copyright 2013

Source: GE Energy electricity demand estimates. GOAST 01.07.09.

10
Bl - 210 kg &7 LR
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Billions of kW hours

40,000
35,000 | WM Emerging
30,000 -Developfed
=— N. America
+ 25,000
%
3 20,000
S 15,000
10,000
5,000
0
2008 2010 2015 2020 2025 2030
2X demand growth by 2030 ... most in developing countries
Bl N kg s & ARR
deri g TATU AN B B 2RO AT P
ZoRAFR LA FT W EIFE 0% EFALDEL AR

wEAR Y P o 2

IR
‘g—r
F_L
N
o
|_\
o
fx
N
o
H
O
7
She
—‘\‘\
-3;%
&
=
.

T 56% s x Bars F 11%:hg it 5tk > X R E e 20
YB3 EW e 7% B B BRI A E

TR et B s n g e dp s
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Global Electric Generation

o » 3
. “ o
WD
/ T i
“y a X

! .
1 i’ .
o~

2,700 2,600

, Pz N

»

Natural Nuclear Hydro Petroleum Biogas Geo- ' Solar/
' Gas & thermal Wind
‘ Wastes

DRSS K AL

N. America Power Additions: 2010-2019

mCoal
mGT
Hyrdiro
WWined
- 10 yr orders (GW)
m Muclear = Coal 10
Gas B Gasturbine 31
Turbines E  Hydro
W Wwind 85
O solar 17
B nNuclear
TOTAL 152+

* Numbers do not sum because of “other” technologies

‘ Impact of wind needs to be addressed by remaining mix ‘
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3. % HRF A fAH

PR ARG A 2 AT L L E g X A5 (Pipeline Natural Gas)

hon]
N
7/
=&y

2t X5 (LNG)2 0 34 % S5 Bl ¥ BdiiE x K505 LNG

"

THAE®RLSGAECEMNEL

SRy

)AL

= &

CEF

i

L%t g2 AF 54 RSB AF L5 1R 5 Henry

=

Hub (HH)# # -

S

2. M I IIEE R RF LA RREXARF R %#ﬂﬁipNatlonal
Balancing Point (NBP) # i -
3. LA IR AF A KR B E U ik 2 R F (LNG)

ERES TS X RE S E R

EFEAIE VLG REERT 0 B BEAEEG R
AP E T fEA KT R T R DI B HE T

V2l

o R R AR APHTI G ke 2 LB EY LG £

e
o

- LEATERL 4riE R F R E

S ok kR~ 2 3T R R

J-,:L

BT RGBT R L iR Y %

rA KA AL

ﬁijimﬂi-ﬂj HEGRIKHRESR o
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(= +) & imiE 3 (Energy Storage )

1. & % ;% 5t J&r(Distributed energy resources,DER)#£ 4 :

Distributed
Generation

* Wind Power
« Solar Power

* Combined Heat-
Power

* Fuel Cells
* Micro-turbines

@ imegination ot work

g]:_l.._

P A A

S iR H e r bk

Energy
Storage

* Battery Storage
* Thermal Storage
* Heat
= Cool

Demand-Side
Resources

= Event-
Responding
Demand
Response

* Price Responding
Demand
Response

IT and Power
Electronics

* Monitoring and
Visuglization

* Communications

* Command &
Control

© 2013 General Electric Company. All rights reserved. Not for distribution without permission. 18

N ReE S T R B

BT BRA Y BRSO v g AR |
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N R T T S Y S E R EE S Y,

2. H(Flywheel) /i 5o g8 0omdd g > N g i od >0 H E

7; Boig KR endE o g %?T‘;}%Eé’,:‘i BAE S > A RT R LE

\vr.

RS

3. & # & (Electric Vehicles) /i % :3%% = % 41 &

(= +-)4& 2 ik (Renewable Energy)

122 BB e R F LA N R E 2 A8 AR 4N

P RSN A A R % 2011 & 2020 s B P AT

€ 3% FRPSE A2 itikpeiE+] & (Renewable Portfolio
Standards) - ‘{ﬁr@, % RPS ~40GW wind -~ RPS~15GW solar ~
‘v £+ ~15GW wind

¢ w4 ~140GW wind ~ ~50GW solar

® ¢ RERPIEL 2020k 4 8 7 & 1I50GW- = i 5%
% £ 50GW

¢ ~ % %:~10GW wind

& ¢ iz 2 :~10GW wind ~ ~2GW solar
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& i ~20GW wind ~ ~20GW solar

® I =¥ %:~10GW wind

Europe

North America

Drivers
US PTC/ITC/Grant + State RPS
CAN Provincial RPS/Targets

Drivers

Opportuni

~140 GW wind '11-20
~50 GW solar PV '11-20

Opportunity
US State RPS ~40 GW wind '11-20

US State RPS ~15 GW solar PV '11-20
CAN ~15 GW wind '11-20

o

Mid East & Africa

Drivers

EGY ... 20%/'20
JOR ... 10%/'20
MOR ... 20%/'20
SAFR ... 13%/'20

Latin America

Drivers
BRZ ... wind auctions
CHI ... Nat'l RPS 10%/'24

Opportunity
~10 GW wind '11-20
~2 GW solar PV '11-20

Opportunity
~10 GW wind '11-20

EU Directive 20%/'20 (~33% elec)

98 countries with renewable energy targets ...

China

Drivers

Nat'l wind goal 150 GW by '20
Nat'l solar goal 10 GW by '15,
50 GW by '20

Nat’l RPS 3%/'10, 8%/'20

ty

Opportunity
~110 GW wind '11-20
~50 GW solar PV '11-20

3

India

Drivers Asia Pacific
Wind Nat'l GBI
State RPO/FIT
Nat'l Solar Mission ... 20 GW

by ‘22

Drivers
AUS ... Nat'| RPS 20%/'20
JAP ... Nat'l RPS 1.6%/'14
KOR ... Nat'l RPS 10%/'22
NZ ... Nat'l RPS 90%/'25

VN ...5%/'20

TN ... 10%/'22

Opportunity
~20 GW wind '11-20
~20 GW solar PV '11-20

Opportunity
~10 GW wind '11-20

~2X since '05

Blot- 2
MEAFT s L LA

N B RETEUBEE > TR A

£

o E B L PR
LA FRE -2012 % 5

HATAR FRT 1 HE PR 1 e

1 &P HRE

4

R p

2

e

LA

4
A

3ETE S G R AR TR R

FETAc - B2 A E LA A ik

o

2} g

2 ®

iR p AR R d

Wrdqex g o
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Cumulative industry installs
GW)

~350

Solar PV

80

42
-
'03 '06 '09 '12F

Wind and solar ...
* 40%+ EU & U.S. power gen installs last 3 yrs

* 3% of global generation mix today

I = 98 countries w/ renewable energy targets

£

= SR,

7

40 3R 8 BRIREART * 0 T H T

RIFFEAEY B SR N4 T AMW R

BT IR BMW - 4p o 5%R R 7

Competitiveness

Wind Cost of Electricity (LCOE)

¢/kWh lunsubsidized
~15

10
~8
I ]
'03 '06 ‘09 '12F

GE product advancements ...
» Turbine performance t+50%

+ Efficiency t35%+
» Availability 13 pts.

F A2z H 2 A48T R B

SRk 4 TRURM T 453 1EMW B 5> H @

GRAED BRI E A

1 Minute Average Ramp Rate

ww| Clamped to 50kW/sec (3MW/Min) s
o o
B0 10 Minute Average |« —
I\ \L. (%)
i ( 'MWM“" b Ramp Rate 3
8000 ~
‘. A « 3
=
— 1=
3 | J | %
— ™ A]‘b-\.-_. - © 3
5 Y s
g § ¥ ‘|l ) o
a '; 1 -
| (=
A ‘ o
8 T . &
| \
*‘ ﬁ‘ |‘ I s
(! ~ 1 m
Y ‘|~ ] v B
1 A ( o«
{ \ "ﬂ.‘c
o "an e "som e oS SON e MuEm  mem e am nNe wEe Nan naLo
4//" N0OE AN MASIE  MAONE MO IN0NE  MA000E  MOUE  MBONE MO MAOIE  MAONN  MOI0E AAQN0e
7 (W AT WYY — Dwes 1 0Y3 =N I
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Bl= -w RBSEE DS BERFRER()
MEL ARV EBEER B EIE RN E AT A
PR LG R H Al 4 o N FURR 07 FE TR AdE K Sl 58
T o TRG Y- BelF o 30MW sk 4 T R #ﬁzﬁiﬁ“ 7 _10MW
B35S 30MW 1] B 66% -

Curtailment and Ramp Example (30 MW plant)

35000 20
30000
15
25000
Curtailed to 10 / /
= 20000 + MW: regulation
z . . —
H = \Nind speed
& 15000
10000
. 5
‘ Ramp rate limit enforced
5000 when curtailment is released
0 0

4:30:00 4:38:00 4:46:00 4:54:00 5:02:00 5:10:00 5:18:00 5:26:00 5:34:00 5:42:00 5:50:00 5:58:00 6:06:00 6:14:00 6:22:00 6:30:00
AM AM AM AM AM AM AM AM AM AM AM AM AM AM AM AM

2 Hours

Bl= -7 R PS4 ERPRRCGC)

\

B TR AT EA WER B A 00%EE TR F
B 0 R (5 60HZ 4 5 T ' 4% 2.4Hz (12 0.125Hz/#5 )
TR FR BT R NS 10% 0 e kAR r R T AR E T - B A
¥k S R 60HZ > A b 2% 1.2Hz pr(11 0.25H2/%)

dE) 0 BT L ROE PR N 50% -
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Frequency decline is 0.125hz/sec.

On Nov 4, 2006, decline rate in
Germany was 0.15hz/sec

<

'10 s/div

Frequency

10% Power
Increase

4% Frequency
Reduction (2.4 Hz Af)

Power

Power

2% Frequency
Increase
(1.2 Hz Af)

50% Power Reductior

Frequency
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hpo 3B FIA P B N TS HIR 2 R R F SR 4R

’fg%i ] Ae R 2 Bk ﬁ]%\a";/\ 2013 & 4 * & By /}ﬁ%fﬁgﬁ 2 alﬂ Ao
%> 2025 & 7 6@ sl & F B+ tgik 2 > 2040 & Micro hybrid =4 &
RibdgEF - L G EAR LI R ERS g s

T 0 37 5 2015 & T s & 600,000 & A_2011 & o & o

10 Total
Micro hybrid
Flex-fuel
3 Electric hybrid
Diesel
Plug-in and all-electric
Gaseous and fuel cell
4
2
0 = l | I -

2011 2025 2040

Blo -~ A K2 4w 384 %R
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http://highscope.ch.ntu.edu.tw/wordpress/?p=5114
http://zh.wikipedia.org/wiki/%E4%BA%8C%E5%8D%81%E4%B8%80%E4%B8%96%E7%B4%80

Charging Station Unit Sales (x1000) in US

m

EAREE

100 + - =9
e
0 A — ey ' '
2011 2012 2013 2014 2015

Bl- L4 2011-2015 # 2 Wg & d LT zb#cd
6.2 THB & T B i Rt R

el R R B O FEF R AR PERATE S TR AL
SRR PRI E P FERALEA G TR
BEPRPIT B O AARF 0 B G  TH P
Foag s iRg e

=pm|CE =f@=Hybrid =&=PHEV ==EV

100

N /
AN
80 . : ¥ '

70 -

TCO Over 10 Years [$K)

B
AN
4

b

EJ o
K
B
K

60

50 - i i T i
$2.00 $3.00 $4.00 $5.00 $6.00 $7.00 $8.00

Fuel Price {Cost Per Gallon})

Sources: "Charging ahead GE EV Solutions", IEEE - NYC Chapter, February 22, 2011, Daniel Ciarcia, GE Product Manager,
F\

Bz 7 2R uld a2 % kA4
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HEDTHE D BT B 101 E L6 SHTHT

B3 27222 T B33 A The8 MR RERGE

et

1&3‘(

B TB P K 105 F A7 5 0 3 Miles/kWh ~ o siT B £ 75

Jay
SHe
B
T

3=
=0

~ 6.6 Miles/L ~ 7% % 10% ~ ) -

BEEANRESEHE - SELRTEE
GV HZ fE
6.00

_5.00 ////
T /

24.00

3 /

300 ////

®, 00

1.00
~ eV gt

O-OO T T T T T T T T T T T T T T T 1
27.28 2811 28.93 29.76 30.59 3141 32.24 33.06 33. 89 3471
BAMHHE

7.00

Bl=t- REBIEp 2P0 T W T LR

BUNTHFIAZTII EHTREITIRAZIRT LrETE
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T8 e #d 2012 #:H 5531 4w 2021 # 1226579 4% > ¥ 7 4

WAL eE At d 0.09%3% = 3 0.33% o

Year Total EVs in Additional Total Electricity Percent
Florida Electricity Consumption in Increase due
Consumption from Florida (GWh) to EVs
EVs (GWh)
2012 5,531 22.1 238.645 0.009
2013 11,090 44.4 241,632 0.018
2014 19,069 76.3 245318 0.031
2015 29,517 118.1 250,598 0.047
2016 43.889 175.6 254,549 0.069
2017 64,707 258.8 258,198 0.100
2018 87,360 3494 261,484 0.134
2019 115,141 460.6 265.33 0.174
2020 161,302 645.2 270,297 0.239
2021 226,579 906.3 275,519 0.329

Source: Utility dara responses and 2012 FRCC Load and Resource Plan
— _ 3 . h B ¢y R A=
%].:’L— '*.&géiimf’?ﬁﬁi&_ﬁmnbﬂ%ﬁ

F-ReE o d NIl FSL > 2 2021 #PF > F E RV R

=k

BQF AT H Ak T RS SR ET &4 9 1.17%:

Year Total EVs Gasoline Saved Percentage of 2011 Motor
(gallons) Fuel Consumption Saved

2012 5.531 1.969.036 0.024

2013 11.090 4,024,438 0.050

2014 19,069 7,051,292 0.087

2015 29,517 11,118,070 0.137

2016 3.889 16,833,870 0.207

2017 64,707 25,264,489 0.311

2018 87.360 34,711,040 0.428

2019 115,141 46,542,551 0.574

2020 161,302 66,313,044 0.817

2021 226,579 94,710,022 1.167

Source: Utility data responses and FPSC Staff calculations

Blz=-Lz 68803 R0 =R

TR RIE IR R EPRFAEFRE AT 325
o AP FRIFRE 5 - BRI A ST OF 5 - KA AT

I8 X g T 8Bi=nnf§§\ TR A R RN A
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=23 5pF2F o

MW Demand
)
o
o
o
o
[ 3
| |
| WIS

Hour of the Day
| #— Summer Peak 4 Winter Peak |

Bl=-+2 PRIEZFELFTENT

SF TR OEIRE A RIELEA AT ER O PR

.3:3_111&37\&'?,:‘9?;:}‘%]35%‘11_1753 %%Q%FE}:—';”E’?,J

PR AT HR R A 2 g TR L ¢
o T 210832 p 382 oo
120.0%
S 100.0% | = | [ [ 1 [ | [ L=
Ea:, 80.0% \\- ‘ | [ /—.\\. .
o \ . . / [
% 60.0% \.\;'
;‘-:; 40.0% 4 | | I N I [ / | \.\
[ | ' /
S 200 L e
.\“’ ¥ / ]
0.0% =S P S o = = = = o R N B B
D S S S D S b b o o b g b b
PR R R F PR R R R LTTL LTS LE T EL
,\rf‘g F S S o 2F q,“ oSS S Q@,\e R
Hour of Day
| —+— FPL EV Charging —=— Gulf EV Charging |

Bl=+7 HRIGELAALTFREZBELTFALE
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34 FWud B T E VR

R+ R 27 5450 4 20%7 28 5§ 8

[Lu®
=3
S
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-h_\\
S
@H
g

5 240TWh> i 2 234 (J £ 2 n6.67% TR AT &2 B R

B T OHT 4 RA S R o

Annual EV  |Percent of USA
EV Portion of Number of Electricity Electricity

All Vehicles EVs Demand Consumption
(Millions) (TWh) (%)

3 12 0.33%
15 60 1.67%
30 120 3.33%
60 240 6.67%

Db BB D Rt BT ) 4

I35 B pEdr 12,000Mileage/ Year
THd 3BT 3Miles/kwh

B B RANTRAT(IOV) 23 5Milel | B e ¥ R F AT
£ 16-18 ) PF o 22 ¥ MR A A 10 3 1000 # ~ 2 BF > 2L ¥ i S 4a

RERBPIRYFDT G L1 FRBRY o

2

»

Sﬁ

= BCRRR TR T (220V) 0 10 3 20 Milelo| BE 0 T & PR
2838 22X 500% 6000 % A P TR 0 ¥
S RPEETREATIRG  TEB AT T RA o
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Utility Period Price (cents/kWh) Timing Souce
Consumers Energy Peak 19 2pm-6pm'’

Mid-peak 12 7am-2pm,6pm-11pm

Off-peak 6 11pm-7am
Detroit Edison Peak 18 9am- 11 pm (Mon-Fri)2

Off-peak 8 11 pm - 9 am (Mon-Fri), All Day (Sat, Sun)
Hawallan Electric Peak 18 7 am - 9 pm (Mon-Frij?

Off-peak 1 9 pm - 7 am (Mon-Fri), All Day (Sat, Sun)
Pacific Gas & Electric Peak 28 2 pm - 9 pm (Mon-Fri)*

Mid-peak 10 7.am- 2 pm, 9 pm - 12 am (Mon-Fri), 5 pm - 9 pm (Sat, Sun)

Off-peak 6 12:am - 7 am (Mon-Fri), 9 pm - 5 pm (Sat, Sun)
San Diego Gas & Electric Peak 26 12 pm - 6 pm®

Mid-peak 17 5am-12pm, 6 pm - 12am

Off-peak 15 12am-5am
Southem California Edison Peak 27 12 pmto 9 pmé

Off-peak 12 9pmto 12 pm
?f“c‘f.%?ammmm =‘Sevevalolmewmmdmmsmhommmmmnbmwﬂnmmww
2. DTE website rately for the electric vehi pIdly.wellavemepmem the separately metered rate.
3. HECO website 2. Some utilities offer rates that only the summer rate is shown. Winter rates are lower.
4. PGRE website 3n'salsosmnmtcunnwnfm%esmmha created an EV-specific TOU rate, but to recommend that EV owners
5. SDGAE website elvollmanexisﬁ residential TOU rate (Portiand General Electric is one example).
6. SCE website rqnesemmlymvmmlemmo!memtemdun‘lmﬂecttorexnpie.wslomercwm

s ARFAAPHEY AT RY BB

51



AR R e 2 T RAT RS KL 59 1638MW 0 4 &
AR - R PpEE LA e HP R4 LT 9% BRKEE R

F2EEwAE > B 10%: P o

_ Diesel Base
Combustion  , .o, Renewables
Turbine T 13.2%
3.0% Hydro
{ 3.5%
Combined
Cycle Steam Oil
47.3% 22.4%
Wind
9.4%

o

57"%\'/
&=
k=)
¢
-
=
rﬁ‘
'E“%
i
e
)
s
W
e
b
5
/%”
rs»
f

52



Baseline; No EVs “Uncontrolled” Charging

MW
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1200
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Baseline; No EVs “Smart” Charging
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Economics ... smart charging reduced marginal costs

125%
120% J Cost of EV load is Lower
higher than the Variabl
+ 115% cost of a uniform ariable
3 ; Cost
S 110% | load increase
2 Fuel,
@ 105% A O&M,
>E 100% Start-up
E 95% Cost of EV load is
= . lower than the
S 90% 1 cost of a uniform
z 85% load increase |
0, i
| -
75% ’ -
Uncontrolled Scheduled Uniform Smart Smart
Charging  Nighttime Load Charging Charging +
Charging Increase Reserves
Ble = 2R add Lqipy > S8R FRfguEa A
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C02 ... Smart charging reduced emissions
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