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3.2.1 SFIVHEF

AT R VIR S 30 (RS R PR
I BT L ZRLIS RIS ST 1E £[ 9 =5} 4T ] Sty ﬁ*?f’? ﬁljﬁiiﬁ, A
Core Courses

EL 5373  Internet Architecture & Protocols Lab, Credits:3 .00

EL 5473  Introduction to VLSI System Design, Credits: 3.00

EL 5613  Introduction to Electric Power Systems, Credits: 3.00

EL 6113  Signals, Systems and Transforms, Credits: 3.00

EL 6253  Linear Systems, Credits: 3.00

EL 6303  Probability Theory, Credits: 3.00

EL 6413  Analog and High Frequency Amplifier Design, Credits: 3.00
EL 6713  Electromagnetic Theory and Applications, Credits: 3.00

T %E“'ﬁ ) 2R 12 257) 1 H
B %Eﬁﬁ‘méﬁfl Fiss T‘Jg%
Systems and Information Science

EL5013 - EL5023 or EL6013 or EL6023 or EL6033  (Wireless Communications)
EL5023 - EL5033  (Wireless communications)

EL5123 - EL6123  (Image Processing)

EL5363 - EL5373 or EL6373 or EL6383 or EL7353  (Communication Networks)
EL5823 - EL5123 (Medical Image Processing)

EL5823 - EL6823  (Medical Imaging)

EL6013 - EL6023 or EL6033 or EL6063 or EL6333  (Communications)

EL6023 - EL6033 or EL5023  (Wireless Communications)

EL6063 - EL6073  (Information and Coding Theory)

EL6113 - EL7133 or EL6183 (Signals & Systems)

EL5253 - EL6233  (System Theory)

EL5223 - EL8223 (Controls and Robotics)

EL6253 - EL7253 or EL6233  (Linear Systems)

EL6303 - EL6313 (Probability & Stochastic Processes)

EL6313 - EL6333  (Stochastic Processes & Detection and Estimation)

EL6383 - EL7373  (High-Speed Networking/Switching)

&3
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http://www.poly.edu/academics/course/EL5373
http://www.poly.edu/academics/course/EL5473
http://www.poly.edu/academics/course/EL5613
http://www.poly.edu/academics/course/EL6113
http://www.poly.edu/academics/course/EL6253
http://www.poly.edu/academics/course/EL6303
http://www.poly.edu/academics/course/EL6413
http://www.poly.edu/academics/course/EL6713

EL7133 - EL7163 or EL6183 (Digital Signal Processing)
EL6233 - EL8233  (Optimal Controls)
EL7353 - EL7363 (Communication Networks)

Fields and Waves

EL5733 - EL5463 (Microwave Engineering)
EL6713 - EL6723 (Electromagnetic Fields and Waves)
Materials Science, Electronics, and Power

EL5473 - EL6443  (VLSI Systems)

EL5493 - EL6443 (Computer Engineering)

EL6413 - EL6423 or EL6433  (Electronic Circuits)

EL5673 - EL6603  (Power Electronics)

EL5613 - EL6623 or EL6633 or EL6643 or EL6653  (Power Systems)
EL5673 or EL5683 or EL6603 - EL6683  (Power Electronics and Drives)
EL6603 - EL6663  (Power Electronics and Distributed Generation)
EL6633 - EL6643  (Power Transients)
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Required Courses

EL 5613 Introduction to Electric Power Systems, Credits: 3.00
EL 5673 Electronic Power Supplies, Credits: 3.00
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http://www.poly.edu/academics/course/EL5613
http://www.poly.edu/academics/course/EL5673

Electives Courses

Choose 2 from the following list:

EL 5663 Physics of Alternative Energy, Credits: 3.00

EL 5683 Electric Drives Characteristics and Controls, Credits: 3.00
EL 6603 Power Electronics, Credits: 3.00

EL 6623 Power Systems Economics and Planning, Credits: 3.00
EL 6633 Transients, Surges and Faults in Power Systems, Credits: 3.00
EL 6643 Relay Fault Protection, Credits: 3.00

EL 6653 Power System Stability, Credits: 3.00

EL 6663 Distributed Generation Systems, Credits: 3.00

EL 6683 Adjustable Speed Drives, Credits: 3.00

EL 96X3 Selected Topics in Power Engineering, Credits: 3.00
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http://www.poly.edu/academics/course/EL5663
http://www.poly.edu/academics/course/EL5683
http://www.poly.edu/academics/course/EL6603
http://www.poly.edu/academics/course/EL6623
http://www.poly.edu/academics/course/EL6633
http://www.poly.edu/academics/course/EL6643
http://www.poly.edu/academics/course/EL6653
http://www.poly.edu/academics/course/EL6663
http://www.poly.edu/academics/course/EL6683
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EL5373 Internet Architecture & Protocols ({5 ﬁ,[.#ﬁ?@%& ) AP R
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A B SRR | CSMA/ CD ~ SYRIBYIY IEEE BRIt - PR affes i
IP, ARP, RARP, ICMP, UDP and TCP [V ] /7 %“F 5k SIS 2 ¢ bridges, routers
H1 gateways [z [[| RS | ~ R et ps £ {VF’[ :SNMP ~ FTP ~ SMTP » NFS
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EL 5363

EL 5373

EL 5613

EL 5673
EL 6303
EL 6373
EL 6383
EL 6603
EL 6623

EL 6663
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INTERNET ARCHITECTURE &
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INTRO TO ELECTRIC POWER
SYSTEM

ELECTRONIC POWER SUPPLIES
PROBABILITY THEORY
LOCAL & METROP. NETWORKS
HIGH-SPEED NETWORKS
POWER ELECTRONICS
PWR SYST ECONOMIC & PLAN

DISTRIBUTED GENERATION
SYSTEMS
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4. B ¢ VR B R R T
(The Application of Dlstrlbuted Generatlon System
and Smart Grid)

4LHTFR
411 IBREHF I
» Legislation for a deregulated market (Ficfi FIFT{™) began in 1992 .
» The US Federal Energy Regulatory Commission (FERC-% 7 ?W Eﬁ%

£1¢7) issued in 1996 two orders #888 and #889 that relate to deregulation
F

of the electronic power industry.

4.1.2 F“:ﬁ:g TETTf ﬁrjl.& l/j

> EIEN{™f7] ¢ Each utility controls its own locality without competition. (”F%f:‘
pREIE S = O
Responsibility for generation, distribution, availability,
updating, innovation, research, billing, and customer
satisfaction. (ff 7 B EEEY M e uﬁi‘ﬁk)
Need for a Public Service Commission for regulation. (7%t
B )

> EIfl{*i © Competition in the generation section. (5% Z‘Ei wiE)
Consumer choices. (5[5 TF 1= 215

Access rights to the transmission system. (ﬁﬁ%’#ﬁﬁl’ﬁﬁ%@)

413 FH pUF BERY B
> Goal is to provide long run net benefits to society. ({11 ;%EIEJFIC’@HF’%‘:E%[J)

> Shift risks of “mistakes” to suppliers and away from consumers. ( ==E &

SIS AR 11
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» Support retail prices that reflect marginal production cost including the
costs of congestion, losses, and scarcity. (i # "~ &% 1)

» Encourage innovation in power supply technologies by eliminating

barriers to entry. (§¢’%ﬁﬁ1J¥?)

Step-Down Subtransmission Customers
Transformer Customer Power is then
Power is then reduced The electricity then to customers

lines.

thom lines.,

WHOLESALE RETAIL

[ 4.1 S T H
414 %‘;@I‘?Eﬂ J?’»FE}E lﬁgfﬁiﬁﬁfjrgj@‘%é]gﬁwﬂ;

> Problem : Today’s electricity is 99.97% reliable, yet still allows for power
outages and interruptions that cost American at least $150 billion each

year.

» Solution : Distributed Generation (DG) and Smart Grid (SG).
4.2 SYRrsS BBk

421 E5%

» Generation of energy from dispersed source. (7J ﬁ@’?‘uﬁﬁ)

S AR Bl 12



» Technology of using small-scale power generation technologies close to
load. (-] %]3& ,%q—‘j’ E1FY)
> Onssite or micro grid. (F%%] gi‘[ﬁ)

» No difference than any other load, but the DG can back feed into the utility.

() e 5 il

422 5}ﬁ@°§3ﬁ~$§ﬁpwﬁj

HE 1to 10 KW 10 to 1,000 kW 110 25 MW

Close to the S_maII busmes_,s Large urban section

SuBh customer Y i) wollizling and industrial park
complex
Solar cells, Micro-Turbines,
TE L Fuel Cells, Wind Turbines, Gas Turbines

Reciprocating Reciprocating
Engines Engines

R AL 5 SR A

423 SRR BRI

Fuel Cells 1to 10 kW 30 to 80%
Solar Cells 1to 10 kW 10to 15%
Micro-Turbines 25 to 500 kW 25to 50%
Reciprocating 1to 1,000 kW 30 to 40%
Wind Turbines 10 to 800 kW 20 to 30%
Gas Turbines 1to 256 MW 25to 45%

# 4.2 ﬁﬁ(t:“‘ﬁ ?ﬁf?:&wﬂ« < e

weEER T eSSy 0 [ris
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>

Reduction in energy [kWh] and electric [KW] demand charges. (= |£;E§Eﬁq§1
)

Deferral of new transmission and distribution capital investment. (5% #r
T )

Reduction of losses in transmission and distribution lines. ([& [5UF 14)
Improvement of power quality; voltage support, source of reactive power,
and emergency power pool. (e&% %’)JFE[&’E’T)

Cost effective means for new peak demand power. (?Eﬁgj}kﬁfﬁi)

425 YR R R SRR PR

>

>

Allow safe and economical operation. (¢ 59" = ~ FRPHIETE)

Allow the DG to develop maximum power and revenue. (“¢ 7 DG /& Vi
AR ITRE)

Ensure that operation of the utility will not adversely affect the DG system.

(il DG 7k 1 [N 2 FilE & & T F YA

126 S BEFFEERE AR

>

R A

Synchronization. (Same frequency; Same voltage; Same phase sequence;
and the generator voltage is in phase with the utility voltage.)

The DG cannot harm or damage the utility.

The DG cannot cause problems to other customers on the utility lines.

The DG cannot jeopardize the safety of personal or the public by any of its

operating modes.

Fl 14
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428 SFFBEFEDE(HH ()R REHIH)
> RperFER
m KE=}M*U?
€ The Mass (M) of Air per second is volume (V) multiplied by its

density (o).




® M=V*p
® air density at sea level( p ) = 1.225 kilograms/m®

€ The volume of air (V) is expressed by an Area (A)
perpendicular to the wind flow multiplied by the horizontal
displacement in the direction of wind flow (dx).
® V =A*dx

€ Thearea (A) is radius (r) squared.

® A= g*p°

® Radius (r) is the length of 1 blade.
B Pw=KE/T=dKE)d({t)= % p*A*U? (dx/dt)= % p*A* U3
B Pout = Pw*Cp*Cg*Cg
€ The actual power (Pout) is the power (Pw) caught from wind
multiplied by the blades performance coefficient (Cp), the
[l 4.3 R gearbox efficiency (Cg), and the generator efficiency (Cg).
B Pout = Pw*Cp*Cg*Cg
B PR - E) ;gg%@%%ﬁi 18 TR B A [ “ < (R EE 35% -
F%T*Ew&&&f”f} £ 85% > AL LT 95% %ﬁﬂ%gﬁﬁ%ﬁqﬂ
ff 100kW = Fﬁ IR F”ﬁ:ﬂ VR EL 2
A= n*r’= n*(18/2)* = 254.5 m?
Pout=1% p*A* U**Cp*Cg*C¢

100*10°=0.5*0.35*0.95*0.85*1.225*254.5* U?

& ’r’[’?ﬁﬁﬁ‘ﬁ U = 13.14 m/sec
> BRI ETCEE )
WY 3%*«#“%*&\\@”@[ & o
R 10 R ERR i  GEIRR R ) -




® 0.0 0 0 0 0 0 0 0 0 o
L

Wind turbines 3 rotor

®© 0o 0 0 oo 0 ¢ 0 0 0 0 o
Prevailing Wind 10 rotor

i 4.4 2 TR

4.2.9 5??@“&%{%% = Fﬁj%%%r (Virtual Power Plant)
> IR B T I T s S SR
FII TR o S0 3 (S P [t o 5 VR Ry -

Virtual Power Plant

Energy Control
Center

[ 4.5 R o T

4.2.10 5}%033%‘%% - F=ZRER | (Killer app)
> %ﬁﬁﬁl (PHEV / Plug-in Hybrid Electric \ehicles)
u %ﬁ‘é’_"%%%* — [&AF .

m s - AT
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4.3 SREI R ee
431 T3

» Integrate some of the network capabilities of the information technology
sector with the traditional electricity delivery capabilities of the existing
transmission and distribution grid. (EJ?J%@EFQIQ?@E%@%FF‘JJ)

» Make the transformation from a centralized, producer-controlled network

to one that is less centralized and more consumer-interactive. (73 ﬁv?@’

[ A L)

4.3.2 S o
» Gather and store data and convert to intelligence. (e¥R| ¥ & ~ Gy W iEE)
» Communicate intelligence omnidirectionally among all components. (%
[P R )
> Allow automated control that is responsive to that intelligence. (EJ[JEﬁ ~ i
FEL FI )
» Much deployment on distribution (optimization) up to 80% and end-user

side of meter.

4.3.3 ?ﬁ%ﬁ]?&iﬁiﬁ@@%@dvmced Meter Infrastructure)

I ! .
AIEI | | R
I I
I I
I . - I
Smart | Communication | Control
M I Network : Center
I
W .
I I
I I
I I

[l 4.6 FHECE] A BLREH 2 Il

3SR f1 18



vV V V¥V V

Consist of smart meter, communications network and meter data
management application. (E! IR ~ S e @A TR A
YY)

Automates existing manual processes. (FV 8=~ %)

Reduces operational costs. ([= {3EifElY 4 )

Improves data quality. (?Eﬁ,'@ﬂ%@?’ﬁ%@)

Equips your organization with flexibility for the future. (F%ﬁﬁiﬁ_fﬂjﬁ[%ﬁﬂ‘[\’_i)

4.3.4 FR5 HIRCEI ARV Rk

>

>

Integrated communications. ( ﬂgﬁﬁz 1)

Sensing & measurement technologies. (B3 )
Advanced components. (“-iEfU7 ()

Advanced control methods. ()Féﬁa;’pfjjcgt’ﬁjﬂﬂj )

Improved interfaces and decision support. (b [ 1fHdF| %m:;{fq P ﬁ)

4.35 SECEI AR

>
>
>
>
>
>
>
>
>

Customer engagement. (% F1==)

Increase energy efficiency. (?Eﬁ SYRIFSER)

Address aging infrastructure. (# { “‘F%ﬁﬁjpfjﬁgfg)

Reduce costs in capital infrastructure. ([ [Xey 4 3 1)
Integration of renewable. (ﬁf REE R

Increase asset utilization. (Tﬁﬁ{ygfﬁﬁc F[H [ 3)

Enable lower-carbon future. ([ {6 £H1)

Improve reliability/power quality. (?Eﬁ LR F‘%J Fﬁ#[@T)

Reduce losses. ([ [4£14)




4.3.6 ﬁélﬁfﬁéﬁ’il (Demand Response Management)

» Consumer response to explicit requests to curtail power used. ( [\ [
QISR
Shed load in response to a direct request from utility. ([ Eﬂj HEY)
» Can reduce peak price and price volatility. (& ') [’F?Tﬁi@’gw)
Simphfied Daly Demand Curve
% Shift losd 1o
smooth the
| pesk
..........................

1,200 MW

1,000 MW

Intermediate {Cycling)
Demand

Base Load

T _— Midday sk Minight
[F:“[[ 4.7 ]EHE”ZI q‘?ﬂ‘[[(%& 1 : DR #4FIJ l/%\r[rgglil ?qﬁlf’\lﬁl' :
¢ @ DR #ikg 5 V2 {—:;MJr_f £l
P
P1
AP
P2 |
=
Q2 Q1 Q

[ 48 B/ IARRI(AQ ¢ i (S R
AP ¢ AT RS 4)
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437 SRR BT

>
>
>
>
>
>
>

4.3.8 *Fﬁ'

>

>

W Hardware. (’ﬁ{lﬁé})
B Firmware. (@’J‘ﬁé})

W Software. (ﬁﬁé})

4.3.9 ?ﬁﬁ‘r’?&ﬁ\Fﬁ(Green Grid)

vV VvV YV V V

Solar energy. (M)
Wind energy. (&' 79)
Hydropower energy. (f<77)
Geothermal energy. (F4£)

Biomass energy. (% T@"rﬂ:)

Intelligent (’Fﬁl—ﬁ:) 3N F TR AR e R
Efficient () o) ﬁ%ﬁ‘ﬁ HRTIp R P}T@J{@/E%F
Integratlve(ﬁf’};?fﬁ'ﬂ) INEN RN I
Opportunistic (’Fﬁ““"“ () - AR RGP TR L
Communicative (7 EAHEH) = B0 2% Fil== R R R
Resilient (F 1757 ) - tﬁ”:\'ﬂ‘xﬁ[b* R SRz bt P DA
Green (<" If< TR © o> %Uﬁ
A e e

Obsolescence (I%ﬁﬁﬁ‘ﬁi‘l‘%)

B Firmware upgradeability. (@EE}H%EF]Z*M)

B Latency. ({735%)

m Bandwidth. ()
Cybersecurity (iff*# 4 = %)
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4.3.10 FHRTEI T (U 1—=253 con Edison B2 Fil

> Before---{H= “ﬁﬁ*’ﬁ SEk

e
e
s

Generating
Station

for transmission

W -

Area Substation Transformers Reslidential and

voltage is stepped down voltage Is stepped down for Commercial Customers
for distribution by feeders distribution o residential and
commercial custormners

[ 4.9 [

i
L U e
¢ Full SCADA = F gt
& i A
& BRI
& S PR TERER P EIIHR i it
WAL A
& R
R A (-
PR ST
[P 2 R
(TE AR s
W R

00000

weEER T eSSy pa



& e
& i
® (o ]
& AR

B v %ﬁ(Demand Response Program)

=
@ Installed Capacity Program (ICAP) % Emergency Demand

Response Program (EDRP)
;_[n CHRTE = kLY 5 ?ﬁ}gﬁpfﬁ'm > i
AN Rl ST EFE*I@ Zik ﬂpﬂl’ﬁﬁl o (BIH
“‘3FJ@%’LFJZ§E$’€¢’J)F‘J%£¥l L 100kW > (1= "D 4 /| B)
€ Day-Ahead Demand Reduction Program (DADRP)
F iR 2 %lﬂi RES ‘é'@'{ﬁ}.ﬁ%mE'Jt’[ > fIE T
E'J*F%Tq;rlr VBRSO P TR D IJF YR o
€ Distribution Load Relief Program (DLRP)

Summer Reservation Payments ° Hlﬂ'ﬁp '| 1

57
FIZ 10 5] 31 F! > g | ?F{\H_L“ﬁFJF'EJ[J J/FJF':‘-T%E% =
RPEHIES -
> After--- Rt i

iy

)I

f el P

[ 4.10 SHEET a2
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Smart Building Technology including web portals and in-home displays will
eventually allow customers to track their energy use and give them the fools

to change their energy-using habits.

Intelligent Underground Systems use
sophisticated communication technology
to monitor, isolate, and comect problems
and improve reliability. /

'.J/

Greener Energy Sources are more readily integrated
into the smart distribution grid.

/

M/ vy

Plug-In Electric Cars
can connect to the gnd
to charge and one day
may even provide power
from their battery packs
when the cars are not
/ in use.

Smart Meters gather information about customers” energy use
50 customers can use electricity more efficiently, and the meters
may enable the utility to identify system problems.

[ 411 ECEE

FhE Y I

® iiE

SR TR 2004-2008 4 5

Energy G
en.h&nce system refiability.

Ir%fi_r_;

(AT Pl

" 200MW puEZRS FL[

Bl o 5] 2015 FRIE= 500MW <

€ 2009 = ;RL‘} EJ 250 MW 7j ﬁ?ﬂk‘ @ F&?’ﬁ Iﬁ:“"%r'lﬁ

4311 5 ?@;ﬂ@%ﬁﬁ%ﬁ%ﬁjﬁ%ﬁﬁﬁﬁﬁ%

n‘l'

sl

BHZ[EE-  Relatively small
number of large
generating plants, and
peak demand

generators.

ﬁ?ﬁ‘t JeIRE Respond to prevent
further damage. Focus
is on protection of
assets following

system faults.

Numerous diverse distributed generators and
storage devices deployed to complement the
large generating plants. “Plug and Play”
convenience, and access to renewable
sources.

Automatically detects and responds to actual
and emerging transmission and distribution
problems. Focus is on prevention, and to
minimize consumer impact.

B IEFSHR A
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ERMIIE

}‘;Ej’srggiﬁ“: 74

Y

CuE3 ey

Focused mainly on
outages rather than
power quality issues.
Slow response in
resolving PQ issues.

Limited wholesale
markets are still
working to find the
best operating
models.

Consumers are
uninformed and non
participative with the
power system.

Vulnerable to

malicious acts of terror

and natural disasters.

Minimal integration of
limited operational
data with Asset
Management process
and technologies.
Time base
maintenance.

%43 [k

Quality of power meets industry standards and
consumer needs. PQ issues identified and
resolved prior to manifestation. Varying grades
of PQ at various pricing levels.

Mature wholesale market operation in place;
well integrated nationwide with reliable
coordinators. Retail markets are flourishing
where appropriate. Minimal transmission
congestion and constraints.

Informed, involved and active consumers.
Broad penetration of demand-response where
consumers have a choice in energy
purchases, helping utilities to reduce peak
demands.

Resilient to attack and natural disasters with
rapid restoration capabilities.

Greatly expanded sensing and measurements
of grid conditions. Grid technologies deeply
integrated with Asset Managements processes
to most effectively manages assets and costs.
Condition based maintenance.

A S e

3SR
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