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Renewables atf@sruptive

Microgrids have to ensure they have enough generation.
-- A major problem for microgrids is ensuring that there is sufficient generation to supply the
power the system demands, not just now but also 5 minutes or an hour from now. With
renewables, now you have to worry also how much generation there will be.

Microgrids have to be stable
-- Additional power fluctuations require additional methods to keep the system solid.

And Renewables dondt help
Larger Wind, gusting conditions. Sudden loss of wind
Solar can have sudden cloud cover,




But Why are they Disruptive?
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Renewables are Disruptive

Not Only does solar help at only
certain times of day, but clouds can
cause sudden drops in generation.
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Renewables are Disruptive

And here is what unpredictable wind does ,,,, , | —Wnd  —Load W)
to your power forecasting. ‘ |

35000 +
At least the day/night load variations are  u |- i
somewhat predictable. s LU
Here are 21 days of load, showing the dai xsc {fli— RIS Y
variations in load (pink), and also whatis A | fuf 1%/ | |
typical variations in wind output.

Add the two variations together, and we
have some serious operating difficulties.
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AVEC 2017 State of the Art Power
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What does a Adaptive Microgrid
Look Like?
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Microgrid Solutions

What we need is Spinning Reserve

-- We cannot afford to run large diesels at no load for days on the off chance
a large wind turbine will be suddenly lost.

- We need enough power to cover the loss of ga&yeration unit, including
wind turbines and solar farms.

- We need enough time duration to deciae whetner or not to start aiiother
diesel and get it on line, so minutes, not hours.




Microgrid Solutions

Batteries & Ultraapacitors for energy storage

Are they a savior? When does it make sense?

If we want full power for only 5 minutes, then that is called a C12 discharge rate
Ultracapacitors can do that easily, repeatedly, for millions of cycles, for years, but they ¢
expensive.

Lithium lon batteries and others were considered, but the discharge rate that could be
handled without excessively reducingtféed atC0.5 and occasionally C6. This would
mean a large expensive battery bank, perhaps even a full container.

Lithium Titanium Oxide (LTO) batteries were found to be available and able to handle
discharge rates close to the desired rate, with sufficient longevity.




Microgrid Solutions

LithniumTitanateBatteries can be quickly charged and discharged, like Ultracapacitors
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Grid Bridging System

The Initial design was based on Ultracapacitors Only

Ultracapacitors are not a chemical device, but rather an electrostatic.

They could easily handle the million cycles a year required for stabilizing wind fluctuatic
Because of their high efficiency, they did not heat very much while being cycled.
Because of their high power density, a few tall racks full could supply thelD00 kKW
desired to handle turbines like the 900 kW EWT.

They are inherently fisafe

They can be discharged for servicing, which is a great safety feature in a rural environn
They do have three downside$he first is their low energy density, but still sufficient for
a few minutes of storage.

Another is that their voltage varies significantly while charging and discharging.

They are expensive (currently almost $500K for a 500 kW capacity).




Grid Bridging System

The Second design was based on a combination of Ultracapacitors and LTO Batteries.

We found out that a reasonable volume of LTO batteries could handle the occasional
need for providing spinning reserve when a generation unit went off line or when a
precipitous loss of wind occurred (even once a day totaled up to a manageable 3600
cycles over a 10 year lifetime.

A much smaller number of Ultracapacitors were kept to handle second by second
variation in wind power.

Integration was required to switch between capacitors and batteries, but we felt that wa
manageable.

The inverter still needed to handle a wide range of DC input voltage.

But the cost of the energy storage dropped by %480!




Grid Bridging System

The Current design is based on LTO Batteries only.

We found out that a LTO battery sized for spinning reserve requirements could also
handle the small fluctuations required for stability, without reducing the 10 year longeuvit
requirement, hence eliminating the Ultracapacitors completely.

Saves additional cost

Fire risk is low for LTO

Reduces the design issues for the inverter by reducing the voltage variations on the DC
Input.

Reduces the volume of the energy storage component to a size where an indoor electr
enclosure can contain both a 500 kW inverter and the energy storage.

Cost potentially reduces such that a 1000 kw GBS can now be purchased for less than
our budgeting for the original 500 kW design.




Grid Bridging System

Would we still build an Ultracapacitor GBS? Yes.

But only if the cost drops significantly

They are safer to ship than batteries

They are safer to service than batteries

They have greater longevity than batteries

They are easier to manage and monitor than batteries, for instance, the voltage on the
bank is exactly the state of charge, unlike batteries.

Safer and easier end of life recycling




What does a Adaptive Microgrid
Look Like?

LIDFAILA
CONTROLLER
ooo
=
— y it 2
1
/,
Fak WIND
AT TOTALIZING GENERATION
TR METER
o & TN
) : X © o
¢ !
;g 0 \
l’ : “ \ J)
T AN CUSTOMER
P % £ - SOLAR
i \ 0 e h PANELS
: \\ \ & n gg oo o
| \
1 \ N CUSTOMER
‘ \ e
\\\ \\ S p . 3¢ | oo o oo~
\ A
\ \ STATION T~
\ N M '] °© VILLAGE
L1 Yy, 'SERVICE LOADS AND SOLAR
e
\\ S
\\ \\\
N
N ELECTRIC Sl
\\ BOILER % <> ° °
\\
% 2 2 DNRNIRNORNRNRN
[ = e e, S e e o i -
| : O (o :5t
I DC BUS
VARIABLE SPEED (DC) GENERATOR ! Ay ac | UTILITY SOLAR FARM
i INVERTER BUTER | o
| — i ——_Y O —
' AY| s |
ULTRACAPACITORS | S~ o |
I / ||" I
I I GRID
: | BRIDGE
SYSTEM
BATTERES | ||| ||E"“T 2" | (cBS)
! | + |




What Is Islanded Grid Flexibility?

] T

Stability TR
Ultracapacitors connected to a J - :
fully capable inverter systerh 5| —

Grid Bridging System (GBS).

Spinning Reserve
A GBS with additional ukra
capacitors or a battery.




What Is Islanded Grid Flexibility?

Variable Speed Generation

- AVSG added to a GBS provides a
method to efficiently generate at
low loads.

Because they do not supply
spinning reserve, they are difficult to' -
use otherwise




What to do with Surplus Generation?

Use Surplus Energy as Heat

- AVEC has been using electric
heaters Iin their power plants.

Time Shifting Surplus Energy
- Adding additional batteries to a

GBS can provide the ability to ti
shift energy

____________________________________________________________________________________________________________________________________________________________________]




Revenue flexibility?

Revenue maintenance

- Rationalize demand and standby
charges.

- AMR (Automated Meter Reading)
systems

- Dynamic Pricing Formulas




A Grid Bridging System Would Provide

ASTABILITXllow greater percentage of renewable generation
ASPINNING RESERABW most efficient diesel operation
AMiany More Generation Operating Options

AIMPROVED POWER QUALITY AND FUEL EFFICIENCY
AGC! ¢! w9 twhhCLbD¢ 2F (GKS DI




The Grid Bridging System Is the key to
Adaptability. To get there we need...

ASmall and compact footprints (eas&mipping and install)

AStandardized vendor neutral specification.

AMultiple Vendor availability

ATesting to certify adherence to the standard specification

ASpecific software modeling tools to ease calculation of pay
back and correct sizing

ADesign for reduction in cost by volume production

ANO MORE RESEARCH AND DEVELOPMENT PROJECTS

Mh ahwohoaGhHd




Power Systems
Integration Lab

A

Do o To Do Do Ix

500 kW islanded hybridiesel grid
emulator
12 station 480 VAC bus
320 kW DEG, 100 kW Wind, 100 kw P
320 kW ESS, 550 kW reactive load
Custom and commercial SCADA
1000+ channels: electrical and mechani
data
Dieseloff capability (incl. black start)
Experienced team

A Flywheel integration project

A VRLA integration project

A Dual DC bus integration project
hydrokinetic turbine and Li battery




