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Energy Outlook Overview Power Delivery Fundamentals
e Power Fundamentals e Transmission fundamentals
e Basic terminology and concepts * HVDC transmission
o Typesof current . Povyer delivery components
£ q e Delivery challenges
¥ PN SR e Reliability and performance
Generation Fundamentals e Regulatory drivers
¢ Basic elements of a power system e The consumer
e Whatis a power plant? Integrated System Operations
e Heatrate and efficiency e Operation of the transmission grid
e Gasturbines . Interconnection economics
Steam turbines e Congestion management
* Lol Power Market Fundamentals
e Generators .
: e Energy and capacity
e  Hydro generation e Ancillary services
e Power plant economics ¢ Regulatory overview
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Characteristic Reciprocating engines  Gas turbines Microturbines Fuel Cells Solar PV Small Wind
::E;T' siee 20 KW-20 MW 10-100 MW 30-250 KW 5 KW-5 MW 1KWs 200 W
Representative
power efficiency 28-49% 21-45% 18-20% 35-60%
range (%] (HHV]

* Diesel = Natural gas = Natural gas * Hydrogen Renewable  Renewable
Fuel options « Natural gas = : i i

; * Alternatives = Alternatives « Natural gas resource resource

* Alternatives

* Heat : li—::t]twlcr : :-:eol?tuuler * Hot water
Thermal outputs . Il-lot water s « Low/high + Low/high None None

* Low pressure steam pressure steam

pressure steam pressure steam
|m°"“f$”5'w 35-50 20-500 5-70 5-20
Min start time 10 sec 10 min 60 sec 3 hours Immediate  Immediate
i 5 50—
Required fugl 145 100-500 50-80 0.5-45 NA NA
pressure (psigl lcompressor) [compressor)
Noise Moderate Moderate Moderate Low None Low
Favored s 5 r + Power ) . ) )
applications « CHI « CHP Power Power Power Power
PP « Mechanical drive
AWAY - Sk .
N 152 YAN =i
FREAR R 7 B3 BB 2 40 TR P PRV B B g
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12



FE 580 ERVEH BT RE B4

- R

- JRES SRR TETE

- TNHIEE I T S EASR E

- si(bRER L &

- T R EE

HN—WEEAE S LBl RR Y B SR EErEHY
IRFfit » e AE AR SCAOR E B B Rfihife - SEEAR n] B HRERY A
B M ZG oA RE R K - BB RER A M Re B ISR
HESR S e - AR > U RTRE ARSI AR AT © SHEHFE R B
R [AIF 5 R T G RE TR Y S B H RS B FE Y R & ~ AR RETR Bl ¥

RGBT ALE - FrllE A G BT ETHORE -
N ) )

AT EX ,
N e e
*ﬁ%’—l—gﬁ&) ﬁﬁﬁ%ﬁ?}iﬁ) =Nl I==4

\_/%/;/

D

4-3 [HGACE S A E
HF i S EE G URE TR AR ICEE 285 > AR BT A A FREE

FBEERIIESEME > 2/ R IN R R IR TN ~ OFEE &1 ~ A

13



KB BRI A I T RS o R ANE 4-3 K8 4-4 AR -
)

pre it
—>
#5571 —
i G - —
(”fg??ﬂ? R o Skl
Bt ) | s
gt e
BT l |
I i Ll
T wivE || i
FE) #T AT

RIS

4-4 GrEnh e B RE IR 2 FL B A &

F4BIEE TEEE-1547 [RSERATEHE S LA BRI - SR e

i

L~ FEERE » SRR FR M AN YIRS - 2RI & SrHEAED
i BRI S B BRI R SRR . -

R A2 PRERERE

AR IR B AR R
RS E R
(=" IEEE 1547-2003 R S G
15 FEEHIE R
(= IEEE 1547a-2014 | {5 ELAG R BR /AR 2R B

e BURREERE
JEEA Bz R EAE
W H EE R IRER T ik
FEEAPRRE ER
HeftEEEE

[=T=lop IEEE 1547-2018

14



% 4-3 JLFEPRITIERECLEL

State/PUC Listing/
Interconnection Standards Rules Certfification
IEEE 1547a-  IEEE 1547-  IEEE 1547- | CARule 21- UL 1741(SA) IEEE 1547.1-
2003 2014 201?* 2015 2016 2012*
Static Adjustable Trip Seftings v F A
Controlling Power Curtailment $ A
Ramp Rate Control ki A
L/H Frequency Ride- 4 s A A
Frequency | Through
Support [ ROCOF Ride-Through # A
Frequency-Wait X v F A A
L/H Voltage Ride-
Through (L/H VRT) ¥ ¥ . 4
Dynamic Voltage Support P
During L/H VRT
Voltage Phase Angle
Voltage Jump Ride-Through f 4
Supy Fixed Power Factor s v $ $ A A
Fixed Reactive Power ¥ v $ A
Volt-Var X v # F A A
Volt-Watt X v F A A
Watt-Var X $ A

*Final requirements not confirmed.

Logend: X Prohibited, +* Allowed by Mutual Agreement, + Capabilty Required, 4 Tst and Verification Define.
HHY G RE TR 28 L 2 B s RO - BEE RS - 105
B OO T > AR SR B
- IS REIRA B (R - B )
- TRTHRR S E
- (EACE R
- SR(LFEAY I SEE
- [REACE ARG K
- Te it R
8 Ee s e N Ry B s m] PR (L D RE BT
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Typical Spring Day

28,000 |
26,000
\
24,000
22,000 |
£ 20,000 ‘ - .
3 ‘ y Actual 3-hour ramp
& 18,000 N 2013 {oetvol] 10,892 MW on
g | R /) February 1, 2016
16,000 ’-,,20"4 — ramp ne :
| —~B— ~13,000 MW
14,000 o in three hours
\ 2019—
12,000
| over generation / -
10,000 | risk ==
\

Y2om  3am  éem  Sam 12w  3pm
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- BEEER » L EEF 1% (behind-the-meter) 28 B8 & [N 22 {15

AT -

Weekend Effect:
Sunny Vs. Cloudy

EINTHAMREEE H = fm s -

Sunny or
Date Day of Week Temp Cloudy?
12% drop 7-May Saturday 55/65 Gloudy
in load
9-Apr Saturday 58/64 Cloudy
30-Apr Saturday 55/79 Sunny
16-Apr Saturday 49/80 Sunny
12 3 456 7 8 9 101112131415 16 17 18 19 20 21 22 23 24
C7-May ====C 0-Apr =5 30-Apr =35 16-Apr
Weekday Effect:
Sunny vs Cloudy
8% drop S
in load sunny or
\L_//\ Date Day of Week Temp Cloudv?
/ \ 28-Apr  Thursday 5073 Sunny
\—/ 5-May Thursday 57/68 Cloudy
12 3 456 7 8 9 101112131415 16 17 18 19 20 21 22 23 24
—3 4/28/2016 C 5/5/2016
= MIZ E/ ?
& 4-6 IR RE Adiihar 2 o2
CAPACITORS OFF
1 DUE TOOVER-
d_‘ . VOLTAGE
A MCILOAD
*.5.*; / \ COMING
— ' BRCK
== A ] [ai = =178 aTah ¥
—_— DUE 1o
= CAPACITORS
© .o STILLCNLINE  yNDER-VOLTAGE DUE
= = TO CAPACITORS OFF
E L H LIME (exposurg to
- i 4 H another event)
L ;IJI:L.ﬁ.‘r'I:LJ RECOWERY
(i i AS STALLED A/Cs
o :  DISCOMECT ViA
o FALULT & F THERMAL
[y FAULT FPROTECTION S|WITCH
4+ -~ [
— CLEARS H
S

Time
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HEE - bR T B S WA > B SRS OGS o F B R ({E(Grid

Modernization) 8 B 48 % i {E(Grid Digitalization)f§.Z -

Smart Grid Conceptual Model
* Generation including DER
— Technology diversity

— Physical proximity to transmission,
distribution + customer domains

* |Intelligent distribution system
— Increasing importance (location + size)
— Improved controllability + intelligence

Service
Provider

“Markets
N

N

— Connected to service provider domain ’T%
(e.g., congestion mitigation) o tllb ; -
Xt At stribution i
* Empowered consumers D" SO " s &] 7Y
— Operations & intelligence enters Fransmissiop” ~ R N7 - (" 'c )
customer domain 5 \ Customer -

3
o5

— Customer diversity incorporated

L‘.@ \& J ﬂ"'

~~_Generation Includlng DER __
W

s Secure Communication Flows
----- Electrical Flows

Domain Source: DRAFT MST Smart Grid Framework 40
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TR FAREAE 3 B SR AR » (90 ANSTS
TAE 5 {42 1SO 2 IEC % FRBFEN
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i}
AR 7 FH <EE,
. . Advanced metering infrastructure (AMI)
AMI-SEC System Security Requirements and Smart Grid end-to-end security
ANSI C12.19/MC1219 Revenue metering information model

BACnet ANSI ASHRAE 135-2008/ISO
16484-5

Building automation

DNP3 Substation and feeder device automation
[EC 60870-6/TASE.2 Inter-control center communications
[EC 61850 Substation automation and protection
IEC 61968/61970 Application level energy management

system interfaces

[EC 62351 Parts 1-8

Information security for power system
control operations

[EEE C37.118

Phasor measurement unit (PMU)
communications

IEEE 1547

Physical and electrical interconnections
between utility and distributed generation
(DG)

IEEE 1686-2007

Security for intelligent electronic devices
(IEDs)

NERC CIP 002-009

Cyber security standards for the bulk
power system

NIST Special Publication (SP) 800-53,
NIST SP 800-82

Cyber security standards and guidelines
for federal information systems, including
those for the bulk power system

Open Automated Demand Response (Open
ADR)

Price responsive and direct load control

OpenHAN

Home Area Network device
communication, measurement, and control
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B HASAERMERI(Common Information Model, CIM) -

SCADA ICCP (IEC 60870-6/TASE.2) SCADA
(Control Center) < (Control Center)
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IEC 870-5-101/104

Possible Trend IEC 61850
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IEC 61850
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« \IHEERETERE (System Average Interruption Duration Index)

L BEF(FEREXEERFE)
AP

SAIDI =

« SIS E RIS (System Average Interruption Frequency Index)

L REGHERPH
SR PR

HLAFH RS AT SEREFE IR A

SAIFI =

« S H P2 R (Customer Average Interruption Duration Index)

SAIDI
SAIFI

SRR B] B R (Average Service Availability Index)

CAIDI =

o S RERSFERFEIE (Average System Interruption Frequency Index)
« S HETHE I FERE (Average System Interruption Duration Index)

- AR E R E (Momentary Average Interruption Frequency Index)
SRR BRERE R E (System Average RMS Sag Frequency Index)
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Line Protection
HV Switchgear
Protection
At Receiving End
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Best Research-Cell Efficiencies

52
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44 : Wungm (e o Eom:j’ﬂgrgzsa cals
H Taa-junction (pan-<encantiater) 0 Femvskile cells (nol stabiized)
L Fout-junction or mare [concentratoe) ® Organic cells [variaus tipes]
40 O Fourunction or mare {nan-concentrator) A Organic tangem cells
. " # Inorganic celts (C2T55E]
Single-Junction GaAs g
‘;"5. :z: on © Quantum dot cells
/- ngia Crystel {various fypes)

Concantratoe
W Thin-fim crystat
Grystalline Si Galla
32 O Single crystal {concemirator)
B Single crystal {non-concentator)
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|- ® Siicon heterostructures (HIT)
28 W Thin-fim crystal
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24 meter Giant wind turbines
306 m

300m Offshore wind, for years thought to depend on subsidy

whims, but giant turbines may take flight next decade

and run by operators at market prices.

195m
111 m
93m 90 m
Eiffel Tower ~ The Shard  10-megawatt MHI Vestas SMW St Paul’s Cathedral Statue of Liberty ~ 2MW turbine
Paris London turbine off Liverpool London New York Several locations
Planned 2016 2000
2020
Sources: Dong Energy UK; Nextwind Inc.
G. Cabrera, 20/06/2017 % REUTERS
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Power Systems Engineering Training 2018 ©
https://www.geenergyconsulting.com/education/PSEC101-106

GE Energy Consulting, "Power System Fundamentals."

GE Energy Consulting, "Distributed Energy Resources: Planning for
High Penetrations."

GE Energy Consulting, "Smart Grid: Substation/Distribution
Automation."

GE Energy Consulting, "Distribution Systems Planning and
Engineering."

GE Energy Consulting, "Protective Relaying Fundamentals."

GE Energy Consulting, "Fundamentals of Renewable Energy
Systems."

BB HER S 0 T 2035 G.E. PSEC 30 EE[H[E | -
https://gordoncheng.wordpress.com/2010/11/28/132/

Electric Power Markets: National Overview °
https://www.ferc.gov/market-oversight/mkt-electric/overview.asp

"DISTRIBUTED ENERGY RESOURCES | -
https://www.wbdg.org/resources/distributed-energy-resources-der

" The Rise of Distributed Power | °
https://'www.ge.com/sites/default/files/2014%2002%20R1se %200 %?2
ODistributed%20Power.pdf

IEEE 1547 Standard for Interconnecting Distributed Energy
Resources with Electric Power Systems, Charlie Vartanian °

https://energyworkshops.sandia.gov/wp-
content/uploads/2018/08/6_Vartanian_2018 PE_Workshop.pdf
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"TEEE 1547 - New Interconnection Requirements for Distributed
Energy Resources Fact Sheet | °
http://www3.dps.ny.gov/W/PSCWeb.nsf/96{0fecOb45a3c6485257688
006a701a/def2bf0a236b94685257f71006ac98e/$FILE/EPRI%20Fac
t%20Sheet.pdf

FAST FACTS - California ISO -

https://www.caiso.com/Documents/FlexibleResourcesHelpRenewabl
es_FastFacts.pdf

CAISO Success in DER, Amber Motley °
https://www.mro.net/MRODocuments/CAISO%20Success%201n%?2
0DER,%20Amber%20Motley.pdf

Performance of Distributed Energy Resources During and After
System Disturbance °
https://www.nerc.com/pa/RAPA/ra/Reliability %20Assessments%20
DLAVGTF17_PC_FinalDraft_December_clean.pdf

NIST Smart Grid Interoperability Framework 4.0 Webinar ©
https://www.nist.gov/sites/default/files/documents/2018/06/06/webin
ar_slides.pdf

CYME - http://www.cyme.com/software/

Protection Zone in Power System °
https://circuitglobe.com/protection-zone-n-power-system.html

REEE RGP B o » &EESIAHE -
https://www.taipower.com.tw/upload/147/2017111320284294320.pdf

Parabolic Trough Reflector ° http://www.alternative-energy-
tutorials.com/solar-hot-water/parabolic-trough-reflector.html

Tower of Power
https://climatekids.nasa.gov/concentrating-solar/

Fresnel Reflectors
http://solartheworld.blogspot.com/2014/06/fresnel-reflectors.html
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Dish-Stirling system ©
https://www.dlr.de/media/en/desktopdefault.aspx/tabid-
4987/8424 read-20584/

Best Research-Cell Efficiencies
https://www.nrel.gov/pv/assets/pdfs/pv-efficiencies-07-17-2018.pdf

Wind power's big bet: turbines taller than skyscrapers °
https://www.reuters.com/article/us-windpower-megaturbines-insight-
1dUSKBNI191118

(NS RCIaL;: 72 SRVINE DG £ Pay Tl
http://www.twtia.org.tw/upload/366/20069201131363975.pdf

Ramon Blasco-Gimenez 55 » " ARBYJE ) 2 AR AH R HI 38 it
2t | o http://www.ee.ncu.edu.tw/~linfj/PDF/wind.pdf

T A S B TR B 4T -
http://blog.ncue.edu.tw/sys/lib/read_attach.php?1d=17221

=atEE T S EEE A RE TR A FEFE I | -
http://www.t-saudi.org.tw/public/journals/211_1455690758.pdf
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