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1. Introductory Section

1.3 Centralized versus Distributed Electrical Generation
1.3.1 Centralized Power Generation

1.3.2 Electricity Demand Management

1.3.3 Decentralized Power Generation

1.3.4 Load Imbalance Mitigation
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1.3.1 Centralized Power
Generation

Fossil Fuels, Nuclear, Hydroelectric
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Centralized Generation

Supply Transmission/Distribution Demand

eUnder current electricity
distribution design,
electrical energy is not
-own. Submnamiesen | typically stored.

765, 500, 345, 230, and 138 kv 26KV and BAKY

*Generated as it is needed.

I Substation | | L1 Primary Customar
i dmp-Deoven | - 48 e Al

A W A i *Sophisticated controls in

B B Secordary Customer
Trrariekon N5 [Penray e | place .to try to rr.latch.
138KV or 230KV electric generation with

demand.

Losses: 44-68% Losses: 8%

Efficiency
n,=0.32-0.56 X n,=0.92 = n~=0.30-51
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Centralized Generation

Power Flow o
:_ —|-_

* Example of 345kV flow P 4 AN\, = ;J
 Power Generation: 20kV fomr '1“ ;'2;":'.' . 'e:::'“'*' .
* Transmission Mm% /FLI

— Step up to 345kV e “ "m"

— Step down to 69kV Fro U e

Substation
13,800 Viohts Distribution System

* DiStribUtion tlc r‘J %m.ﬂd{n‘ L 1200240V -\..F: 120,240V
— At distribution station step || Ve | = | s

Distribvution Inclutrial C ool al Besidential

d OW n to 1 3 . 8 kV suib station Customer Customer ru:-lmm-r

— Step down to 220/440V or s — f]u—ﬁ?ﬁ ~E)
120/240V REEEA ';.'.'.'..'__"_.,.'.”F':?'

Underqn:iund |l‘:ll3fl)lll vl Dt ribsutionn Nrnes
Distribution 120240 wolts
Substation

AC transmission lines carry three-phase current and use three transmission lines. DC
transmission uses two lines- one for positive current and one for negative current.
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Transmission

High voltage (HV) ac: 69 kV, 115 kV, 138 kV, 161 kV, 230 kV
Extra-high voltage (EHV) ac: 345 kV, 500 kV, 765 kV
Ultra-high voltage (UHV) ac: 1100 kV, 1500 kV

Direct-current high voltage (dc HV): +250 kV, £400 kV, £500 kV

I | i Distrizution

Subtransmission

230 b '8 ke Lid T-13kw
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Distribution

Incoming Subfransmisslon Lines

Lightning Arreslers
i
_...--""'/ | Air-break Swilches

Dutgoing Distribution Lines

'i.

: Primaries—
Senvloe Lines
!

Distribwition Translormer —
Secondaries ==

Distribution transformer to
3-phase service - commercial facility Residential distribution transformer and service drop
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NERC- North American Reliability Corporation

QUEBEC
INTERCONNECTION

NERC INTERCONNECTIONS

“Power Grids”

- Florida Reliability Coordinating

Conineil
Lounchn

MRO - Midwest Reliability Organization

NPCC - Northeast Power Coordinating
Council

RFC - ReliabilityFirst Corporation

SERC - SERC Reliability Corporation

SPP - Southwest Power Pool, RE

————
WESTERN ,
INTERCONNECTION . ~ EASTERN
y ~ INTERCONNECTION
e
7 o -~
ERCOT e ¥

TRE - Texas INTERCONNECTION
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US Power Grids

Y |
,‘.l_r\u : \_:f____\

United States
transmission grid | o=

161
230
Source: FEMA 345
/500
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Sources of Electricity

By Source, 2008

Other'

About 70% of US electricity
ca IS generated using fossil

By Major Sources, 1949-2008 Hydroelectric fuels
Power® .
25—
_ Nuclear Coal
20 Electric Power
e
3
2
=, 1.5=
g
¥
g 1 -D_ L e L]
= F’ﬁtrg:eulrréand Nuclear Electric TS e
- atural L=as u - L
) L LS Ll _F:_o:vjﬁ_._-_-:' - .:-r#-..:l
0.5— L -'--..F_ e " aar

T ...-_-,_.-_l““.
——mwimmr :}M

Hydroelectric Power?

ypmm g e

0.0 T | T T ¥ T | T 1 L] L] | L] 1 L] L | L] L L] L | T 1 T ¥ | 1 T T T | Ll T T T | Ll T ¥ T | T T ¥ T | T 1 T T | T T T T | T Ll 1
1950 1955 1960 1965 1970 1975 1980 1985 1990 1985 2000 2005
' Wind, petroleum, wood, waste, geothermal, other gases, solar thermal and photovolatic, ? Conventional hydroelectric power and pumped storage.
batteries, chemicals, hydrogen, pitch, puchased steam, sulfur, miscellaneous technologies, and Sources: Tables 8.2a, 8.2b, and 8.2d.
non-renewable waste (municipal solid waste from non-biogenic sources, and tire-derived fuels).
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Sources of Electricity

Why do we use so
much coal?

10- Crude Oil

Faossil Fuel Composite

Chained (2000) Dollars® per Million Btu
(=]
I

4=

2- Coal
-lllnl-l-...._.._._,..._"_“__ oot
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Prices!!
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Non-Renewable Power Generation

 Thermal Energy ‘

— Fossil fuels Coal
 Coal Plant
* Petroleum
 Natural Gas
— Nuclear
* Large Capacities:
>1000MW
Nuclear
Plant

A= & - .,
- n = ——y ¢ R e — R

BiglE}gﬂd Coal Power Plant Apollo Beach, FL;

fanuel /99 http //WWW-8sha.gov/SLTC/etools/electric_power/illustrated glossary/power generation I]al??t.html
1998 MW, TECO pl//ubiiti.8sha.gov/SLTC/etools/electric_power/ glossary/power g b




1.

2.

Types of Power Generators

Steam Units

— Steam produced in a boiler turns a turbine to drive an electric
generator.

— What heats the boiler?

* Fossil fuels (coal, natural gas, fuel oil), or biomass
— Efficiency: 30-35% Heat lost to atmosphere, cooling tower, or cooling lake

* Nuclear Fission: 33% efficiency (PWR/BWR)

Gas Units

— Gas turbines and combustion engines use hot gas from burning
fossil fuels to turn a turbine that drives the generator.

— Efficiency: 35-40%....but some claim to be as high as 60% using
heat recovery systems.

Combined Cycle Units
Cogenerating Units



Steam

)

Boiler

Steam Units

Alternator

Shaft

Steam Flow
| Turbine

Q-

Feed water
pump

Fumace

A

Condenser

_— *Alternator refers to the fact that electricity is
__,/ .
generated as Alternating Current (AC)

*In US this is typically 60Hz, three phase.

*Power is conducted in three voltage

waveforms about 120deg offset in time.

Heat from

condenser 10 Phase 1

sentto lake or
cooling tower.
0.5

Phase 2

0

-05

Phase2

120°

120° J

-

-4

* In this diagram, furnace refers to the heat source.
* Heat sources

— Fossil fuels: Coal, natural gas, fuel oil
— Nuclear reaction: Uranium

January 27,2011

Source: R. Baldick, “Introduction to Electric Power Systems for Legal and Regulatory Professionals,” Course Materials,
The University of Texas at Austin (1999).

FﬁﬁTpE:f/E\A%\(/:vw.eia.doe.gov/cneaf/electricitv/chg stru_update/chapter3.html
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* Turbines contain many blades having
a radius inversely proportional to the
pressure

* Asthe pressure falls, the radius must
increase to get the same torque per
section

 Multiple sections are used to allow
steam at different temperatures and
pressures to all contribute to turning

the Sh aft The SST-500 is a single casing, double flow steam turbine with up to
100 MW power output.
http://www.energy.siemens.com/hg/en/mechanical-drives/steam-turbines/sst-500.htm
¥ . '\““"’ P | [ oA
IP TURBINE =0

HP TUREINE

DOUBLE FLOW
LP TURBINE

VIEW OF THE INTERNALS OF A TYPICAL POWER STATION STEAM TURBINE

January 27, 2011 FLATE-FESC

Skoda 80 MW steam turbine 16
http://www.skoda.cz/news/project-amager-denmark-aid2230.html




Steam Units: Generators

stator of a 225-megawatt air-cooled
electrical generator to be used in a
combined cycle power plant.

Good place for a bench
demonstration of a generator.

A single-stage fan at each end of tha The aluminium "high-efficiency endplste” acts
generator results in 3 unifarm thermal as both a mechanical pressure plate for the

{0ad in the generator rotor and stator. Iaminated stator core and a shield for the
magnetic field. The design of the generator
matkes use of materials that reduce eddy-current
The radially direct cooled stator losses In the area of the pressure plate.

core provides maximum heat transfer

capabllity for the stator winding

‘with minimum flow resistance for

Use of Omega™ cookers at both ends of the overall cooliug circult

the generator enables a uniform cooling
gas flow and simplifies the required frame
configuration. Each cooler has two sections
(independent heat exchangers). Simplified
frame construction allows the generator to
be transported with ceolers installed.

Collector housing for static
excitation system. Brushless
exclters alsa avallable.

The RIGHFLEX® end winding support sys-
tem has been in successful operation since
the 1980s. This well-proven bracing system
provides rigidity to withstand transient fault
loads combined with flexibility to withstand
normal operation cyclic thermal expansion
and contraction, which occurs during startups
and load changes.

Generator frame design enables
generators to be installed
outdoors.

Hollow capper conductors The stators in generators up to a rating

are used as the axlal rotor of approximately 500 MVA are insulated using
cooling channels in the
bottom of the slots, theraby
increasing the overall copper
cross section of the rotor
winding.

3 Global Vacuum Pressure Impragnation (GVPI)
procass. A vacuum pressure impragnated design
is used In generators at the higher ratings.

15.0 kV to 24 kV

Radial path rotor cooling with
flow path that provides 3 uni-
form flow and tampars ture
distribution and reduces field
cunent requirements.

http://wmf\alﬁg%gréz/’.s%%%ens.com/us/en/power-generation/generators/s_gen-ZOOOh-series.thLéTE_FESC http://www.muItltek-usa.com/ProductGH.htm

Efficiency Terminal voltage




Steam Units: Coa

Anthracite Coal
C: 90%

H: 3%
0: 2%
N: 1%

S: 1%

January 27, 2011

~— C+0,> (O,

But, coal contains
other elements...so

S+0, > S0,
N+ O, 2 NO,

1. Cooling towar
2. Cooling water pump

2. Pylon (termination tower)

4, Unit transformer

5. Generator

6. Low pressure furbine
7. Boiler feed purmnp

8. Condensor

15, Coal hoppar

8. Intermediate pressure turbine 16, Pulverised fuel mill

10. Steam overnor

11, High pressure turbing
12, Deaeralor

13. Feed haater

14, Coal convayor

17. Boiler drum

18, Ash hopper

19, Superheater

20. Forced draught Tan
21, Reheater

22, Air intake

23, Econmmigar

24, Air preheater

28, Precipitator

26. Induced draughl Tan
27, Chimney stack

FLATE-FESC
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Steam Units: Nuclear

 No new nuclear power plants

have been built since mid-1970s.

* In 2008: 104 operable units; 28
in permanent shutdowns source:

AER2008)

e US Typical Nuclear Reactors
— PWR: Pressurized Water Reactor
— BWR: Boiling Water Reactor

River Bend* - .
Design/Units - TBA Grand Gulf*

Design,/Units - TBA Callaway*

WA EPR - 1 Unit
Fermi
ESBWR - 1 Unit ME
OR WNII Ine M s
I ——Nine Mile Point*
Ny C"#“m EPR - 1 Unit
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Y oM o 1)
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3 Morth Anna
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K
N
Gh arris
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i Willlam Lee
AF1000 - 2 Units
FlL
P I ans fo r new 7 [ Bellefonte - Turkey Point
AP1000 - 2 Units AP1000 - 2 Units
Comanche Peak Vogtle Lewy County

reactors APT000 - 2 Units

USAPWR - 2 Units AP10D0 - 2 Units
Victoria County* South Texas

Design/Units - TBA  ABWR- 2 Units L Sammer

APA1C00 - 2 Units

Januarj2rr2eis
| ® ABWR  EAP1000 @ EPR A ESBWR #USAPWR ¥V Design/Units - TBA

*Review Suspended

U.S. Commercial Nuclear Power Reactors—Years of Operation
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\ A A
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A 08 a
& 1019 10
& 20 42
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Source: U5, Nuclear Regulatory Commessian

Advanced Passive Pressurized Water Reactor (AP1000) — Twin units,
1,117 MWe each (Westinghouse International)

Advanced Boiling Water Reactor (ABWR) — 1,356 MWe (General
Electric)

Economic Simplified Boiling Water Reactor (ESBWR) — 1,560 MWe
(General Electric)

United States Advanced Power Reactor (US-APWR) — 1,700 MWe
(Mitsubishi Heavy Industry)

United States Evolutionary Power Reactor (US-EPR) — 1,600 MWe
(AREVA)

FLATE-FESC 19

http://www.nrc.gov/reactors/new-reactors/col/new-reactor-map.html




Steam Units: Nuclear

 To make fuel for
reactors, the
concentration of natural

. . Uranium fuel pellet mad
Uranlum (U235 ) |S froam comp:ctri)sn?:f Uara(:\ium

. Dioxide powder. Not in
enr|Ched to 3 - 5 %_ enriched form here.

— Because cooling water
absorbs some of the
neutrons needed for the
nuclear chain reaction .

Reactor Fuel Assembly: Pellets are
stacked within each rod. Several
rods make up the assembly.

Januar y 27,2011 FLATE-FESC http://www.eia.doe.gov/cneaf/nuclear/pagegfﬂro.html




Steam Units: Nuclear

 Neutron begins chain reaction
e Reaction begins with Uranium,

but the mass of all resulting L N

atoms and particles add up to 235 —

a mass less then Uranium. 92 Troe

. f| lon products (radicactive nuclel}

e The mass is not lost...it is car

turned to energy according to A ccom

Einstein’s famous equation: w@ ﬁ

E=mc? Y
* Moderators: H,0, D,0,

Graphlte (C ), Berylllum Gamma rays= energy

— Slow down neutrons to help
control the fission reaction

Mass no.=
protons + neutrons
235 236
235 n+ U — <2 + 180 MeV
92 92
f Gamma rays= energy
JanuaProtons11 FLATE-FESC 21
At. No., Z http://visual.merriam-webster.com/science/chemistry/matter/nuclear-fission.php




Steam Units: Nuclear

PWR: Pressurized Water Reactor

Containment Structure

Pressurizer _Steam
Generator

=TT

Control l
Rods

Reactor
Vessel

Condenser

[

. The uranium core inside the reactor vessel creates heat,
. Pressurized water in the primary coolant loop carries the heat to the steam
generator,

. Inside the steam generator, heat from the steam, and the steam line directs the
steam to the main turbine, causing it to turn the turbine generator, which
produces electricity.

. PWRs keep water under high pressure so that it heats, but does not boil.
. Water from the reactor and the water in the steam generator that is turned into
steam never mix.
800 Pressurized-water reactors contain.between 150-200 fuel assemblies. 29

http://www.nrc.gov/reading-rm/basic-ref/students/animated-pwr.html




Steam Units: Nuclear

BWR: Pressurized Water Reactor

Containment Structure

Vessel j TT ,-": — Generator

[

* The reactor core creates heat.

e A steam-water mixture is produced when very pure water (reactor coolant)
moves upward through the core, absorbing heat.

 The steam-water mixture leaves the top of the core and enters two stages
of moisture separation before steam is allowed to enter the steam line.

e Steam line directs the steam to the main turbine, causing it to turn the
turbine generator, which produces electricity.

* Boiling-water reactor’s contain between 370-800 fuel assemblies.

January 27,2011 FLATE-FESC 23
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Gas Units

Fuel Oil A Turbine Exhaust
Storage Intake Compressor
Eélhrglrznug;irusn Generator
Natural
Gas Line

Combustion turbines are designed to
start quickly to meet the demand for
electricity during peak operating
periods.

They are normally run with natural
gas as a fuel, although low-sulfur fuel
oil can also be used as needed.

The turbines operate like a jet
engine:
— they draw in air at the front of the unit,

compress it, mix it with fuel, and ignite
it.

— The hot combustion gases then expand
through turbine blades connected to a
generator to produce electricity.

htt6??)1\3%%/7.t\%g.1g10v/power/cumb turbineart.htm

Transformer Natural Gas : CH, (mostly)

= Combustion yields
[T CH, + 20, - CO, + 2H,0 + Energy

But, since nitrogen is abundant in air, it is also
oxidized at high temperatures...SO

2CH, + x0O, + N, = CO, + 4H,0 + CO +2NO, + Energy

Siemens SGT-8000H series gas turbine designed to achieve more than
rate-re@0% efficiency in combined cycle operation. 375MW stand-alone

http://www2.usa.siemens.com/powergen2008/products.html




Combined Cycle Units

. Cleaning
Gas Cooling s Process
| e
4 Steam °
Feed Storage
Elemental
Coal !
Petcoke
U Gasifier
%,
@O’A‘
%
[
Integrated Gasification Combined Cycle (IGCC) plant
http://www.energy-northwest.com/generation/igcc/technical.php P
Shaft Alterna tor
al
Steam _| f _____T/‘//
* * * Source: R. Baldick, “Introduction to
Boiler Electric Power Systems for Legal and
Feedwater [ CONdenser Regulatory Professionals,” Course
pump HealzI from Materials, The University of Texas at
centto ke or AUstin (1999).
cooling tower.
Alternator Y
Shaft |
Gas flame
FLATE-FESC
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http://www.eia.doe.gov/cneaf/electricity/chg stru_update/chapter3.html

IGCC plants have two sources
of power generation
— A combustion turbine-
generator
— And a steam turbine-generator.

A combustion turbine-
generator burns the gas and
generates power.

Heat from the gasification
process and exhaust from the
combustion turbine-generator
create steam to power a
steam turbine-generator that
also generates power.

25



Co-generation Units

Steam Flow Shaft
prm—p-| TUrbine Q

i 2 L
Condenser
Feed water g /] °
pump
Hezt from condenser used in
Furnace factory for process heat.

Source: R. Baldick, “Introduction to Electric Power Systems for Legal and Regulatory
Professionals,” Course Materials, The University of Texas at Austin (1999).

January 27,2011 FLATE-FESC

Also known as combined heat and power
generators, are facilities that utilize heat for
electricity generation and for another form
of useful thermal energy (steam or hot
water), for manufacturing processes or
central heating

There are two types of cogeneration systems:
bottom-cycling and top-cycling.
Bottom-cycling configuration,

— a manufacturing process uses high
temperature steam first and a waste-heat
recovery boiler recaptures the unused energy
and uses it to drive a steam turbine generator
to produce electricity.

Two top-cycling configurations,

1. A boiler produces steam to drive a turbine-
generator to produce electricity, and steam
leaving the turbine is used in thermal
applications such as space heating or food
preparation.

2. A combustion turbine or diesel engine
burns fuel to spin a shaft connected to a
generator to produce electricity, and the
waste heat from the burning fuel is
recaptured in a waste-heat recovery boiler
for use in direct heating or producing
steam for thermal applications

http://www.eia.doe.gov/cneaf/electricity/chg stru update/chapge(é&html




Centralized Generation: Hydroelectric

Hydroelectric Dam

Turbine Blades

January 27, 2011

Long Distance
Power Lines

Eight Hydroelectric Generators
FLATE-FESC

http://www.hooverdamcom.com/tour itinerary.html

Water is needed to run a
hydroelectric generating
unit.

It’s held in a lake behind
the dam, and the force of
the water being released
from the lake through the
dam spins the blades of a
turbine.

The turbine is connected
to the generator that
produces electricity.

After passing through the
turbine, the water
reenters the river on the
downstream side of the
dam.

http://www.tva.gov/power/cumb turbinea?t]nm




1.3.2 Electricity Demand
Management



Daily Demand

57000
L]
36000 —J=L_ _-‘“
35000 r\uf""'\ N N
34000 )
A~
35000
32000 ‘#’J, 2T
31000
7
@ S0 J/ /
E 000 H= Summer:
5 »
£ 2500 -\"-\ / 7 ol 6/7/2010
27000 \-_‘\ /
= around 1pm
o / PST (California
25000
/ time)
24000
25000 ‘-\\\3\‘ ,;IJ
22000 ", -
21000 L] |

o0 02 [ [ 7 s o0 11 12 13 14 17 18 1718 W o n o IoM

Hour Beginning

Day Ahead Derand Forecast m= fetual Demand == Ayailable Resources Forecast

California Independent System Operator: a non-profit corporation charged with
operating the majority of California’s high-voltage wholesale power grid. Balancing the
demand for electricity with an equal supply of megawatts. Buys/Sells power.

http://www.caiso.com/outlook/outlook.html




Generating Loads

Base-load generating units are typically
used to satisfy the base load of the
system.

Peak Plant in Operation

Intermediate
(Mid-merit)
Plant in Operation

mwW

_

y T T 1  Joy 1 T T T

Base Load Plant in Operation

0 '1|2|”“”|" 24_
Midnight Noon Midnight
Hours of Day

Figure 3.7. To ensure areliable power supply, power generators operate some
power plants around the clock. These plants are called base load plants. Utilities
typically choose coal-fired, hydro, or nuclear plants for this continuous base-load
operation because they are cheaper to run for prolonged periods. To meet
demand during peak daylight hours, utilities are likely to run oil and gas-fired
plants, referred to as peaking plants, which are more expensive to operate but can
be started and stopped quickly. In between are intermediate or midmerit plants,
which are typically combined-cycle combustion turbine plants.

h%@ﬁ:ﬁ%ﬁmi%&re.energv.gov/femp/pdfs/primer.pdf FLATE-FESC

Produce electricity at a constant rate
Run countinuously

Nuclear and Coal plants are expensive to start
up and shut down so these are best adapted
for base load operations.

Intermediate-load generating units meet
system requirements that are greater than
base-load but less than peak load.

Used during transition between Base and
Peak load requirements.

Typically combined-cycle combustion turbine
design

Typically use fuels with high heat content
(oil/natural gas)

Peak-load generating units can be brought
on line quickly and are used to meet
requirements during periods of greatest or
peak load on the system.

Do not run for many hours (200-400 hrs/yr)
Use fuels with high heat content (oil/natural
gas)

Normally smaller plants using gas and
combustion turbines

30
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Yearly demand

Southeast Electric Market: Generation Qutput and Temperatures

Federal Energy Regulatory Commission = Market Oversight - www.ferc.govioversight

Weekly Electric Generation Output and Temperatures

30,000 7

15,000
10,000 A
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Electric Generation (GWh)

Southeast Region

25,000 A
20,000 A

2005-2008 Range
— 2010

0

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
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P = O 20
L1 1
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[

Warmer
Temperatures than
&

do o
=t=F=k=E=R=1-1=-1=)

Mormal

wree: Derived from EEI and NOAA data Updated May 7, 2010

FLATE-FESC
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~ Control Center

D

Figure 4.3. This photo highlights the key features of a control center. On the far right is a map. Although
it is too small to show these details, the map indicates the location of power plants and fransmission lines
under the control of the center, usually with colored lights that indicate the status of the power plant or

transmission line (e.g., red for out of service). Connections to adjacent control areas are also indicated.
n‘yPHoto'courtesy of Electric Reliability Council of Texas [ERCOT].) http://www1.eere.energy.gov/femp/pdfs/primer.pdf
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1.3.3 Decentralized Power
Generation

AKA Distributed Generation

33



Distributed generation

e Distributed energy resources (DER)

— Also called distributed generation, distributed energy, and
distributed power systems

— Small, modular, decentralized, grid-connected or off-grid

energy systems located in or near the place where energy
is used.

— They are integrated systems that can include effective
means of power generation, energy storage, and delivery.

— le. Small generators and storage power systems.
e Typically in the range of 1 to 50MW

Scattered throughout the power grid and connected
primarily to the distribution system

Provides power among generating users in remote
isolated areas



Distributed generation: Technologies

Conventional Renewable Energy
e Diesel Engines e Fuel Cell
* Reciprocating Engines e Wind

— Natural Gas

. _ e Solar Thermal
e Combustion Turbine

— Including micro-turbines
* Combined Cycle Turbine * Small modular Biopower

e Low-Head Hydro * Hybrid systems
e Co-Generation units

 Photovoltaics

Energy Storage Systems
Batteries, Plug-in Hybrid

The right choice is determined by application, cost, environmental considerations, and
systemsize.



Distributed generation: Technologies

Summary of Cost and Performance Parameters for Distributed Generation Technologies

Approx. . Emissions?
. Installed Cost Heat Rate .. Variable O&M
Technology Size Range (kW) ($/kW)" (BTU/KWh,) Efflz::/e)ncy ($/kWh) (Ib/kWh)
? NOx  CO2
Diesel Engine 1-10,000 350-800 7,800 45 0.025 0.017 1.7
Natural Gas Engine 1-5,000 450-1,100 9,700 35 0.025 0.0059 0.97
Natural Gas Engine w/ CHPc 1-5,000 575-1,225 9,700 35 0.027 0.0059 0.97
Dual Fuel Engine 1-10,000 625-1,000 9,200 37 0.023 0.01 1.2
Microturbine 15-60 950-1,700 12,200 28 0.014 0.00049 1.19
Microturbine w/ CHP ¢ 15-60 1,100-1,850 12,200 28 0.014 0.00049 1.19
Combustion Turbine (CT) 300-10,000 550-1,700 11,000 31 0.024 0.0012 1.15
Combustion Turbine w/ CHP 300-10,000 700-2,100 1,100 31 0.024 0.0012 1.15
Fuel Cell 100-250 5,500+ 6,850 50 0.01-0.05 0.000015 0.85
Limited by Available

Photovoltaics Space 7,000-10,000 Will discuss in N/A 0.002 0 0

ind Turbine 0.2-5,000 1,000-3,000 more detail later.  N/A 0.01 0 0

Battery 1-1,000 1,100-1,300 -- 70 0.01 d d

Fiyvwheel 2-1,600 400 - 70 0.004 d d

MES 750-5,000 600 - 70 0.02 d d

Hybrid Systems 1-10,000 f e e e e e

@ Nationwide utility averages for emissions from generating plants are 0.005 Ib/kWh of NOx and 1.2 Ib/kWh of CO..

b The high end of the range indicates costs with NOx controls for the most severe emissions limits internal combustion technologies only.

C Although the electric conversion efficiency of the prime mover does not change, CHP significantly improves the fuel utilization efficiency of a

DER system.

d Storage devices have virtually no emissions at the point of use. However, the emissions associated with the production of the
stored energy will be those from the generation source.

€ Same as generation technology selected.

f Add gestofrcamponent technologies.

FLATE-FESC
http://www1.eere.energy.gov/femp/technologies/derchp derbasics.html#tbenefits
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Distributed Generation Distribution

Schematic of a Centralized Power System

Central Plant

Incustrial

January 27, 2011

Cenfral Plant

Schematic of a Distribyted Power System

Wind Farm
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rocftop PVs ‘:gb _Trﬂnsmis.sion and Distribution
fusl colls g 5% . e .
ﬁ '&. < microburbines
reciprocaling engines fuel calls
Residential reciprocaling engines Commarcial
microturbines
Industrial
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Diesel Generator Sets

CAT C175 2-4 MW Diesel Generator Set

http://www.cat2-4mw.com/features.html
Januar y 27,2011 FLATE-FESC 38




Natural Gas Reciprocating Engine

*Can burn landfill gas, bio-gas or
natural gas.

*R&D with ORNL to improve
efficiencies > 44%

*And to reduce NOx emmissions

http://www.machinerytrader.com/listingsdetail/detail.aspx?OHID=6628261

[ ITI0SE
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e | ||| e
50 MW Plant- Multiple Generators

CAT G3520 C- Natural gas reciprocating engine

2055KW CONTINUOUS, 2889HP, 60HZ, 480V,
1800RPM, YEAR: 2007

FLATE-FESC 39



Microturbines

Small combustion turbines
approximately the size of a
refrigerator with outputs of 25 kW to
500 kW.

They evolved from automotive and
truck turbochargers, auxiliary power
units (APUs) for airplanes, and small
jet engines.

Most are comprised of a compressor,
combustor, turbine, alternator,
recuperator (a device that captures
waste heat to improve the efficiency
of the compressor stage), and
generator. e

Fuel: Natural gas, hydrogen, propane,
diesel

Capstone MicroTurbine®

u

-4 http://www.capstoneturbine.com/prodsol/products/

January 27, 2011 200kW C200 Capstone Microturbine 40




FuelCells

Individual Fuel Cell

Hydrogen Oxygen
[frq!n 1I'mg fuel) [frnﬁair]

Excess Electric
Hydrogen Power to
{for reuse) /" Wheels '

Anode (-) ltz j Cathode (+)

2H, + O, = 2H,0 + Electrical power + heat

Ballard PEM Fuel Cell; 1 MW; 48% efficiency;

January 27, 2011

fuel cell stacks; converts DC generation to AC
output; 60Hz

http://www.ballerdreom/Stationary Power/Distributed Power Generation/Product Specifications.htm




FuelCells
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1.3.4 Load Imbalance Mitigation

Energy Storage Systems,
Smart Grid Concept

aaaaaaaaaaaaaaaaaaaaaaaa
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Energy Storage Systems

How a Plug-In Hybrid Works
Pumped Hyd ro Battery Recharge — " _.:'-'

Compressed Air Energy Storage )’ = T Tank
Flywheel storage
Ultracapacitors \

SMES- Superconducting Magnetic
Energy Storage

Battery Storage
— Lead Acid

— Sodium Alumina
— NiMH; NiCad; Lithium lon

— Flow Batteries Iﬂﬂ
* Vanadium Redox
* Zinc Bromine s ﬂ
— Metal Air /:/; L
Plug-in Hybrid Car with V2G é Independent System

Operator
7

storage capability [developing] - Z
Most technologies are in early = |\ l _—
e

™ Electric
Battery
Pack

Vehicle to Grid
Electric Motor Storage (VZG)
concept

stages of market acceptance or
still being developed .

http://www.wwindea.org/technology/ch04/en/4 3 4.ht21|5

Source: Kempton, Willett, et al., Electric Vehicles with V2G, Windtech International, 2006.



Smart Grid Concept

Fossil-Fuel Plant

SENSORS \T‘) /
w b 1 Tranzmission lines will be equipped with menitoring Ll
devices that will alert operators to problems. |
TV TEE TR : E N N :

Jlljl ..... EJ P 3 i T l ] 1
SOLAR PANELS S ~i o WIND FARM .
Distrbuted sources of energy, such as : & ot piie ] . L{?EE.ltEd in remote regions,
residential solar installations, will reduce the | i — turbines will send power

through new transmission
. lines, and variations in output
will be communicated
immediately to utilities.

nead for more centralized power plants by = @* s 1
contributing power to the local grid. el S |

CONTROL

Upgraded control systems will eliminate manual
adjustments, allowing remote control of substations )
and automated responses to problems. Technology Review, Jan/Feb 2011

Smart Grid Video- Overview http://www.netl.doe.gov/smartgrid/video.html

Jdnuary 27, 2011
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Smart Grid Concept

1. UseslITto
improve how
electricity flows
from power
generators to
consumers

2. Allows
consumers to
interact with the
grid

3. Integrates new
technologies into

http://www.smartgrid.gov/ grid operation.

* Decentralized supply and * Active participation by consumers
control e Accommodate energy from DER

* Two-way power flow e Anticipates and responds to

 Two-way information flow system disturbances

fnuary 27,201 * QOptimizes asset utilization =

http://www.netl.doe.gov/smartgrid/refshelf.htmI#Articles




Smart technologv

energy consumption

http://www.scientificamerican.com/article.cfm?id=virginia-smart-meters-power-grid

Total Smart Grid funding in Florida:
S431, 724, 697

City of Leesburg, Florida Smart Grid Project

City of Quincy, FL Smart Grid Project

City of Tallahassee Smart Grid Project

Florida Power & Light Company Smart Grid Project
Intellon Corporation Smart Grid Project

JEA Smart Grid Project

Lakeland Electric Smart Grid Project

. Southern Company Services, Inc. Smart Grid Project
9JanJ'£Jqum1Electrlc Cooperative, Inc. Smart Grid Projectiare resc

NV A WN e

METERUS

O e mmig]

SMART METERS: Installations allow
real-time tracking and adjusting of @

J0
WRIR

http://www.scientificamerican.com/blog/60-second-
science/post.cfm?id=want-to-lower-your-electric-bill-go-2009-02-11

Google announced that it's developing software called
PowerMeter, which will let consumers check out their
home energy use in near real-time on their computers.
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China

e Chinais now building
lines carrying direct
current at 800 kilovolts
and alternating current at
1,000 kilovolts--both
world firsts.

* Plans call for a total of
nine 800-kilovolt lines in
China by 2020 and some
S300 billion worth of grid
upgrades through 2015.

January 27, 2011 Sourcé‘/Eairiéy, Peter, Technology Review, Vol. 113, No. 3, pp. 36-43, May/Juné2010.



