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Regions and
Balancing Authorities

'US Electric Grid: Regions & BAs

Dynamically
““““ Controlled
Generation

As of August 1, 2007

" Source: http://www.nerc.com/fileUploads/File/AboutNERC/maps/NERC_Regions_BA.jpg



Electrical Power Plants: All

About This Map »

Roll over the dots for
defailed information about
each power plant, Use the
dropdown below fo filter
power plants by fype.
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- ":' NOTE: Data for this map comes from the U5, EPA's sGRID databass.
. . Mot alf power-generating facilifies i the LS. are plotied on this map.

Source: http://www.npr.org/news/graphics/2009/apr/electric-grid/



Power Plants: Dispatchable

NOTE: Data for this map comes from the U.S. EPA's eGRID databass. NOTE: Data for this map comes from the U.S. EPA's 6GRID database. NOTE: Data for this map comes from the U.S. EPA's eGRID database.
Not all power-genarating faciities in the U.S. are plottsd an this map. Not all power-generating facilities in the U.S. are plotied on this map. Not all power-gensrating facilities in the U.S. are plotted on this map.

= Natural Gas = Nuclear

NOTE: Data for this map comes from the U.S. EPA'S éGRID database. NOTE: Data for this map comes from the U.S. EPA'S GRID database.
Not all power-generating facilties in the U.S. are piotted on this map, Not all power-gensrating facilties in the U.S. are plotted on this map.

WNOTE: Data for this map comes from the U.S. EPA's eGRID database.
Not al power-genarating faciitios in the U.S. aro plotted on this map.

N O|I = Biomass
= Dispatchable:

o Can generate on-demand to meet load

n Source: http://www.npr.org/news/graphics/2009/apr/electric-grid/

= Hydro




 Power Plants: Nondispatchable
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NOTE Data for this map comes from tha U5, EPA's eGRID databass
Not alf pawer-generaiing faciities in the U.S. are plotied on ifns map

NOTE: Data for thys map comes from the U.S. EPA’s eGRID database
Not all power-generating facilities in the U.S. are plotted on this mag

= Wind = Solar

= Nondispatchable:

o Can NOT generate on-demand to meet load

n Source: http://www.npr.org/news/graphics/2009/apr/electric-grid/



‘ Electric Grid: Future Renewables

W

EXISTING LINES

T w Wind energy = Solar energy

PROPOSED LINES

i transmission transmission

transmission
lines in 2030

*¢  New wind power
transmission lines
projected after 2030

EXISTING CAPACITY

Wind speed

At 50 (764 1t), in mph

B Superb: 19.7-24.8

B Outstanding: 17.9-19.7

B Excellent: 16.8-17.9
Good: 15.7-16.8
Fair: 14.3-15.7

n Source: http://www.npr.org/news/graphics/2009/apr/electric-grid/



Load (MW)

‘ New Mexico BA: Load & Generators
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New Mexico BA: Generator Types

NM Balance Area: Generator Type Properties

Unit Units/ Load Min-Max | Stop- Ramp
Generator size plant | Regulation | Energy start |Startup| Rate
(Type) (MWwW) (#) (% available) (MW/unit) (hours) (hours) (MW/min/unit)
Nuclear 1000 1 0 200 n/a n/a 0
Coal - 400 3 20 320-400 180 8 10
CC Gas - 200 1 30 140-200 180 2 20
Gas Turbine D 100 6 40 60-100 2 0.33 30
Wind 1 D 204* 1 n/a 0-204 2 n/a n/a
Wind 2 D 90* 1 n/a 0-90 2 n/a n/a
. * 2007 wind f deled, t NM wind ity is 496 MW

Leqend : wind rarms modeiled, curren wind capacity |

L] Always on

[ ] Seasonal

] Baseload (minimal on/off)
] Peak Load Follow

[ ] Intermittent




Generators(min,max) (MW)

New Mexico BA: Generators & Load
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Load-matching & Generator Differences:
o Unit capacities

o Unit ramp rates

o Unit shut-down/restart limitations

As load increases, follow capacity increases



Load, MW

‘ New Mexico BA: Generators & Load

2500

Summer Lookup Table @ Gas Turbine Spring Lookup Table

O Gas Turbine
W Coal

B Nuclear

2000 B Combined Cycle Gas

H Coal

M Nuclear

1500

1000

500

= Load-matching & Model Lookup Tables:
o Summer: include CC Gas
o Spring: no CC Gas

o All seasons: Coal units shutdown/startup
= Problematic condition




‘ New Mexico BA: Wind

New Mexico - Wind Resource at 50 m

Wind Resources in NM:

o two wind farms in 2007
iy = 2007 capacity ~294 MW
wwne | 0 current utility wind ~496 MW

108° 106" 104

1]
2]
BN
E Taos
5 | Picuris
.6 | San Jusn
7 | Santa Clara
8 | San Mdefonsa
9 | Pojoague
10| Nambe
11 Tesuque
12 | Jemez
..... E Zia
14| Cochiti
15 Santo Domingo
~4&._San Felips
17 .
"~ » e T 2007 wind farms
31 R Transmission Line*
tL - 21, Canancito Valtage (kV}
[ PO, i mm* — 115-138
3 24| Zuni — 230
I 25| Ramsh Navajo - 345
|26 | Mescalero — 00
/ * Bouree POW [ufik
] = Plats. a Division of the MoGraw
T il Cormpanies
L’_ : Wind Power Classification
=, Wind  Resource Wind Powar Wind Speed® Wind Spaed®
1S Power Potental Dansity at 50m  at 50 m al 50 m
o Class Wiim 2 mi's mph
fp— ' - 1 Poor 0- 200 00- 5.8 0.0=13.2
m&mﬁﬁmwwmmgmww 2 Marginal 200 - 300 58=- 6.7 13.2-15.0
wa&wdﬂa_. It has been validated with available surface data by g E::l;d g_ % 2:_ ;'; 1gﬁ_ 12?
| NREL s wind aanrgy matoordhogloal eancciarks. 5 Excellrt  500- 600 7.0- 84 17.7-188
; T ] 6 Outstanding 600- &00 BA4- 93 18,8= 20.8
0 _ 0 50 100 150 200 Kilomatars 7 Superb = BO0 =93 = 20,8
" . > » D 7 MG #\Wind spaeds are based on a Weibull k of 2.0 at 1500 m elevation.

n Source: http://www.windpoweringamerica.gov/pdfs/wind_maps/nm_50m.pdf



‘ New Mexico BA: Wind Vs LLoad
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= Wind generators are never turned off:
o satisfy mandated renewable energy portfolios
o model can consider this as “deducted load”

= Resultis too much generation (where load penetrates baseload region)




‘ New Mexico BA: Wind Vs LLoad

Load (MW)
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= Consider 3x 2007 wind generators (never turned off):

Q

Q

greater penetration into baseload region,
greater range of load change (min vs max load)

Typical Load

“Deducted” load

(load-wind)

Baseload

generators:
- turn on & off?

= need more generator ramping capacity at lower loads
o wind generation peaks and load peaks do not match




New Mexico BA: Model Structure

Based on existing infrastructure of transmission and balance areas, what are
considerations regarding multiple generator types/sources?

Model stuff...

o Model Graphic/diagram/flowchart
2 Model description
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w Mexico ﬂBA: Model Results

Base Case (Summer):
o all generators, no wind

o all generators + 10x wind

o all generators minus 1
coal unit + 10x wind

Day1 DayR Day3 Day4 Day5 Day6
— Balance Area Load
minus Wind
— Balance Area Load
I LM — Total Wind Farm
I LI I 1 .
S S S S S S
8 3 3 3 S S
S 5 S S S S
1500 T = Case 1 model;
— Base Case E
— Case 1 % =
— Case 2 n 5 10007 = Case 2 model:
| .
— Case 3 “;’ '%
o
o g 500 +
(1’4

|

1 2 3 4 5 6

Day (#)

4

Day (#)

= Case 3 model:
o Case 1, no ramping




‘ New Mexico BA: Model Results
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Base Case (Summer):
o all generators, no wind

Case 1 model:
o all generators + 10x wind
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o Case 1, no ramping
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Renewable Generators: Intermittent!

Model Limitations:
o Generators
(solar absent, ramp rates, start lag, off-line intervals, etc.)
Regulation (ACE, market economics)
24-hr forecasting (1-hr forecasting modeled)
Storage systems
Metrics (costs, GHG emissions, water use, etc.)

Penetration remedies:

0 Storage (long term solution)

pumped hydro, compressed gas, batteries, solar thermal, fuel cells,
flywheels, capacitors, etc.

o Improved renewable systems (intermediate term solution)

o Grid integration across sectors (long/intermediate solution)
better load matching from more renewable generators

more acceptance of 1-hr forecasting

o Shut down wind when loads low (short term solution)
use wind for peak loads only

a
a
a
a



Electrical Grid Storage: Types

Electrical Grid Storage Options: (comversion)  (total)
Power Energy Energy
Typeldescription Capacity Charge Discharge MinCharge Efficiency Efficiency Response  Cost Notesicomments References

(MWhrs)  Rate (MW) Rate (MW)  State(%Capty) (%) (%) time(cycle) ($IMWh)
Battery Systems
= Lead-acid 5-160 0.001-50.0 40-50 85 75-80 =114 0.15-0.27  Poorenergy density, short cycle life, high (SandRpri-4247,2008)
maintenance, todic materials. Most cost-effective | (Kaldellis Energy,2007)
electrical storage known, most mature. Float (SandRpr-0765,2001)
charging = constant voltage applied to fully-charged | (Dufo-Lopez,EP,2009)
battery, to counter self-discharge, ensures fully
charged when needed. In 1999, 93.3% of hattery
lead recycled, and large % of plastic battery case.
> VRLA/OPIS batteries 3 1.75-6 hrs 20 0.z (SandRpri-4247,2008)
(Dufo-Lopez, EF,2008)
(Hund-Testing,2008)
> Ni-Cd 7 0.001-25.0 70-90 0.60 Deep discharge reduces life (SandRpri-4247,2008)
(Kaldellis Energy,2007)
(MeDowall JPS,2008)
> Na-5 1-7 recharge: 5- 0.05-6.0 1-40 (10 typ) 86-90 75-89 0.17-0.35 High energy density (3x lead-acid), long life wi deep |(SandRpri-4247,2008)
10hrs far Hi- discharge, most suitable econamically for energy | (Kaldellis Energy,2007)
pulse 2xdlsec management. Enviranmentally benign, sealed, no | (SandRprt-0765,2001)
dischrgedhr, ar emissiong, »83% recyclable, inexpensive. Total (Dufo-Lopez,EF, 200
Hi-pulse dmin capital costfor 10MW systerm = §3.1-3.4ibdvy. (QshimaACT,2004)
discharged1 Zhr (EFRI-DOE,2003)
> Ni-MH 035 (SandRpr-4247,2008)
= Wa-MiCl (ZEBRA) 0.om-10 recharge: 1 hr a 100 01s Related to Ma-& hatteries. High power density with  |(SandRpri-4247,2008)
(20Kvh cell) repeated heawy discharges, long life. Batteries (BetaRsrch-App,2005)
stared fully charged indefinitely, no maintenance (Tilley,EVS-18,2001)
Suitable for load leveling, peak storing, power
conditioning at 0.1-1 0MWh.
= Li-lon o.re (SandRpri-4247,2008)
= flow batteries 0.02-100 | recharge: 4hrs | 0.02-100.0 1 75-85 B0-70 =114 0.24-1.5 |Total capital cost for 1 0MW systermn {/anadium (Kaldellis Energy,2007)
(Zn-Br, Wanadium redox, redmi= §4.3-4 5/, (McDowall JPS,2008)
palysulfide-Br) (SandRpri-4247,2008)
(SandRpri-0765,2001)
Capacitors High-power, shartduration: capable of deep (SandRprt-4247,2008)
discharge and virtually unlimited cycle life.
> Electrochermical 025 Short-term {zeconds duration), costs thus in W | (SandRpr-4247,2008)
instead of Bikih.
= Ultracapacitors 0.0001 same 0.01-1.0 95 =114 a2 Shortterm (seconds duration) (Kaldellis Energy,2007)
(SandRpr-0765,2001)
(MeDowall JPS,2008)
= Lead-carbon (hybrid) 1.2hrs {3 01 a5 90-95 0.24 Stores energy both chemically (hatteny) and (SandRpr-4247,2008)
lead-acid rate) - statically (capacitor) (#xionPwit-Tech,2004)
20hrg (Lam.JPS, 2006)
Pumped Hydro 5,000-50,000 100-1000 H 85 5560 minutes 0.02-20 |Large storage can provide up to 1GW power far | (Kaldellis Energy, 2007)
dayg. 22 GV at 150 facilities in 19 states - almost |(SandRpi-0765,2001)
exclusively utility-ownedioperated, size upto 2.1 (EPRI-DOE,2003)
GW. Total capital cost for 1GYW systern = $0.98/M.
F|ywhee|s 0.01-2 Short term (10-30secs duration), one type up to 3hr | (Kaldellis Energy,2007)
duration (EFRI-DOE 2003)
= Low-speed 0.01-0.6 10sec-2.5min 01-2 03 Shartterm {10-158s5ec) (BandRpr-4247 2008)
(SandRpr-0765,2001)
(McDowall JPS,2006)
= High-speed =0.05 15zec-2.5hr 0.01-0.7 a0 0.35-25 | Shomed term (15gec-3hrs) (SandRpri-4247,2008)
(SandRpr-0765,2001)
(MeDowall JPS,2008)
Compressed Air 4000 25-350 30-44 80-84 70-80 Large storage can provide up to 1GW far up to days. |(Kaldellis Energy,2007)
(CAES} Total capital cost far 300MYY system = $0.6a/MW (EFRI-DOE 2003)
= aguifer 10,000 12hrfull recharge 360 0.002 (BandRpr-0765,2001)
> pressure vesssels 200-400 25-100 0.4-08 (BandRprt-0765,2001)
Hydrogen/Fuel Cells | 0.1-24 00550 10 3070 7545 Secands 04133 (Kaldellis Energy,2007)
(SandRpri-0765,2001)
(Dufo-Lopez,EP,2009)
SMES: 1-G000 1-1000 =144 Shortterm (seconds duration) (Kaldellis Energy,2007)

superconducting
magnetic energy storage

(SandRpr-0765,2001)
(EPRI-DOE,2003)
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Take Home Message:

o Introduction of intermittent supply generators (wind, solar,
tidal/ocean) results in significant (and sometimes rapid)
imbalances in grid unless remedied.

o More imbalances - more disruption of grid



Thank You! ¢

It's 8pm -
do you know |
how the US
power grid is
holding up?




