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AVEC Operational Experiences

AVEC’s experiences with integration of Medium to High Penetration
Wind without Energy Storage

AVEC has four villages with significant wind installations:
Wales two AOC turbines, secondary loads and storage (2001)

Selawik with four AOC turbines, secondary load and no storage
(2003)

Toksook Bay with three Northwind 100s, secondary load and no
storage (2005)

Kasigluk with three Northwind 100s, secondary load and no storage
(20006)

Except for Wales, AVEC has acted as the systems integrator in each
case. These three sites already had recently installed advanced
switchgear for dispatching the diesels so this software was
exr|>|anded by AVEC to include wind and secondary load control as
well.



The responsibilities of the dispatch software are:

Switch engines as load changes or units enter or leave active
service, in order to maximize fuel efficiency with minimal
interrupts of service.

Minimize outage durations by automatically starting generators
and closing service to sections of the village one at a time.

Allow wind turbines to run when wind permits, unless the diesel
drops below minimum allowable loading.

If so, then increase the command setpoint to the secondary
load controller

If the SLC is not able to absorb the excess generation, then one
or more wind turvbines may be curtailed.

A calculation of required spinning reservice is done , and this

requirement may increase the size of the engine running during
wind geneation.



Next Chart

The Yellow represents the diesel capacity, You
can see that at several times is has reacted to
differenet engine changes.

The Green line indicated the load from the
village, we keep the generation higher than the
need.

The line is the actual power supplied from the

diesel generate. Wind output allows this line to
be lower that the village load sometimes.



l‘)j:rr';‘a)r‘nl(: h Alarm History T‘MO/DIIQ

Date

Time )7 4

Cursor Value Last &§ Min Max

Irend Duration
(Hours from Start)




Integration Concerns

Frequency Stability (electronically injected diesel engines are very fast to
respond)

Voltage Stability ( A good three phase RMS sensing digital voltage
regulators with good tuning helps)

Engine Dispatch (Software that AVEC, as the responsible operating
authority, has full control over.)

Preventing of reverse power (Use of the secondary load first, then turn off
one or more turbines if that does not work.)

Managing excess energy (Use of the secondary load first, then turn off
one or more turbines if that does not work.

Ability to allocate responsibility when issues arise (Good metering on the
wind turbines, the secondary load, and the diesels helps. This metering
should include high speed logging with timestamping. The devices
should be networked for remote access and downloads.

Remote Monitoring This information should be accessible enough, and
should be distributed widely to the right people



' ENERGY SYSTEMS w 6 e Boccw
1dNge F3assSw
jack to menu
System Overview WIG1 » WITG 2 ‘ WITG 3 ‘ DEG 1 ‘ DEG 2 » DEG 3 » Heat Recovery ‘ Control Module » Metering ‘ Alarms » Events » Trends ‘
Toksook Bay System Overview
WTG 1- NW100 WTG 2 - NW100 WTG 3- NW100 Nightmute
WTG State | Online WTG State Online WTG State Online Real Pur [N
. | Reac Pwr n KVAR
Engy Produced i KYh Enoy Produced Engy Produced
) . . . . Phs Cur A, B, C (Amps)
Time Online 5,403 Wl Time Online Time Online
Yaw Azim g deg Yaw Azinm Yaw Azim g deg - S
Power m ke Power Power Tok Bay West Side
Real Pwr A4 Ry
fY\ — Reac Pwr KVAR
WID SCADA Phs Cur A, B, C (Amps)

PkWnd Pwr Allowed

DEG 1 - Kohler Series 60
StatUS 'I'l‘]Jtl:I FIE a I:i'!ll'

Enagy Produced
Number of Starts

Run Hrs
( ) Power nkw

A- G Yolts
B- G Yolts
C-GVolts

Engy Produced paeleield hivvh — Engy Produced
Number of Starts Number of Starts
Run Hrs Run Hrs

Power n K

Power 172 Wl

LOYIn urme. 4/£27£ZUu0c

Tok Bay East Side

~1~ Real Pwr KA
L Reac Pwr KVAR

Phs Cur A, B, C (Amps)
[ &

Tununak
Real Pwr 95 Wl

| Reac Pwr KVAR

Phs Cur A, B, C (Amps)




' , v | €  https:/{smartview.nps-gateway.com/JavaHMI. asp?webID=38
Edit View Favorites Tools Help

G70 | @ HMI For Toksook Bay, Alaska

2 Tools -

) IoUivuLcCu LV
ENERGY SYSTEMS w

K to menu

stem Overview | WTG1 | WTG2 | WTG3 | DEG1 | DEG2 | DEG3 | HeatRecovery | Control Module | Metering | Alarms |

Time Online 5,403 WlEs Time Online

//D SCADA WTG Bus

K WWnd Pwr Allowed 399 il Exp Mitih A- G Volts

B - G Volts
C - G Volts

EG 1 - Kohler Series 60
Status Auto Ready

Yaw Azim deg Yaw Azim - deg
Fower 60 ] Power gl KW
Fa)
i

B Amps
C Amps

PIIS CUl A, B, C (AINPS)

Tok Bay West Side
Real Pwr 66 mai
L Reac Pwr s KVAR

Phs Cur A, B, C (Amps)
Tok Bay East Side
'~ Real Pwr

L Reac Pwr - KVAR

Phs Cur A, B, C (Amps)
Tununak

Real Pwir K
| Reac Pwr KVAR
Phs Cur A, B, C (Amps)

Engy Produced a1 Mivh Engy Produced ' 596 Mo Enay Produced
Number of Starts Number of Starts Number of Starts
Run Hrs Run Hrs Run Hrs 3,747
Power n K Power - KA Power n K
Fal
DEG Bus

Amb Termp °F kv EEEE roeen R 2-evors R Aamps
3,407 SRR ORI ¢ LRl B Amps

vind Speed -mph war [ e mwn
‘ot Gen Pwr 276 ] Hz [ Pwr Fact

0.94

artView HMI 3.0.3 2008-04-25 01:10:19.0 Data OK

C - AVolts C Amps

Boiler

Real Pwr KA
L Reac Pwr m KVAR

Phs Cur A, B, C (Amps)

0(2) -

Y G} Internet

IM

+ 100% -




i o bl A https:/fsmartview.nps-gateway.com/JavaHMI. asp?webID=38 v 2 ||+ X
Edit View Favorites Tools Help
G0 | @ HMI for Toksook Bay, Alaska ‘ -

o

- ‘.A I-> Eage -

¢ Tools

) IoUITuUuLCu L Vi
ENERGY SYSTEMS w

K io menu

stem Overview [~WTE1—[ WIG2 | WIG3 | DEG1 | DEG2 | DEG3 | Heat Recoveg ' Control Module | Metering | Alarms | Events | Trends |

Toksook Bay Wind Turbine Generator 1 -
Turhine State ~ Qnline Alarms No Alarms ‘Reset Faults
Time Online & hrs HMI  WTG Enabled Enable WTG
Engy Produced kKwh SCADA  WTG Enahled ~ Disable WTG
1-min Wnd Spd 40-
10-min Wnd Spd gg-
Time Available 18-’
Reac Pwr SP -1 0_
Reac Pwr New SP %81
Pwr Fact SP -40
Pwr Fact New SP el -6°C
PF Lead/Lag Ambient Mech Brk Base Clir  Macelle  StatorA  StatorB  StatorC B
[ teas |[ tog |
L_—ea — - YawTurns n GenFans | On Nac Service Sw il
| WiriteSetPoints | vawazirm KPS don i fanc EERE paco Condca cu IEFEROE L=
artView HMI 3.0.3 2008-04-25 01:11:10.0 Data OK 02y - 1(0) a
o € Internet +100%




’ y v |€] https:/{smartview.nps-gateway.com/JavaHMI. asp?webID=38 v % 2| X pe

Edit View Favorites Tools Help

¢ | @ HMI for Toksook Bay, Alaska \ f2 - B - @ - [rpage - G Tooks
[S) ISUITIIITCU @ Login time: 4/25/2008 4:47:28 Al

ENERGY SYSTEMS P
Change Passwaord | LogoL

K {0 menu
stem Overview | WTG1 | WIG2 | WTIG3 | DEG1 [ DEG2 | DEG3 | HeatRecovery | Control Module | Metering | Alarms | Events | Trends |

I N N | | S I N | (| | | | || | | | | ]
tside Ambient Air Temp  [TEER -F
- Hydron Inlet  Hydron Outlet

15ide Ambient Air Temp
Exhaust Temp R

Exhaust Temp L - °F

S

Temp Set Pt
New Set Pt
Qutlet Temp
Inlet Temp
Cntlr Output 9.6
Valve Status  No Comms
Fan Speed %
Fan Power kv

VFD Status  VFD Mode B

Jacket Temp 15 Running Auto
oilTemp IR °F Ternp setpt TN ¢
Oil Pressure - PSI =
Aftercooler Return Temp 17 g X New Setipt :
Outlet Tem e
vioration, Back [ o %—' >IN
TR - Inlet Temp °F
Vibration, BackY - g
o cntir output [ EEE %
Vibration, Front X - a
. Fan Speed - %
Vibration, Front Y - g —
Fan Power 0.15 Mt -
Unallocated Temp “ °F v
artView HMI 3.0.3 2008-04-25 01:11:56.0 Data OK 0(2)- 10 |
L ® € Internet +100% -

m



’ , v | € https:fismartview.nps-gateway.com/JavaHMI, asp?weblD=33 v | 4[4 X pe
Edit View Favorites Tools Help

G0 | @ HMI for Toksook Bay, Alaska ’l\ M e ~ |:orPage v (CF Tools -

) IoUivuLcCu
ENERGY SYSTEMS w

Logintime: 4/2
Change Passwaort

K {o menu
'stem Overview [ WIG 1 i WIG2 | WIG3 [ DEG1 | DEG2 | DEG 3 [ Heat Recovery Control Module " Metering [ Alarms | Events | Trends

----------- T - ———

lant Feeder (Boiler) =
Real Power KW L1 Current Amps Community Building B
“eak Power KA L2 Current AMPS  |nside Ambient Air Temp °F  Hx-2 Total Therm Engy
eac Power KVAR L3 Current Amps Hx-2 Heat Rate
Exp. Eneray [JTEEE wwn Hi-3 Total Therm Engy
ower Factor 1.0 Hi-3 Heat Rate KBTUth
FTO10
| I CPM FC 020 .
. [+]
yecondary Load Contrlr m % Coris
Mode Power Control Boiler Bcl)(.jrg 1
H —
Bus Freguency & Hz P-2 ( .
Cabinet Temp °F
Actual Capacity KW
Effect Capacity 217.4 i < =
B = rom
Alarm Off Available F Comm
Warning Of 1T 024 (coup)
Operating Enahled _
= P2Lowrow
\ 4 -
/PJ\ P-2 Low Pressure
75.5 g \./ 100.0 3 _
% S0V 010 -

artView HMI 3.0.3 2008-04-25 01:12:38.0 Data OK 0(2) - 1(0) |

# € Internet +100%




’ , v | € https:fismartview.nps-gateway.com/JavaHMI, asp?weblD=33

Edit View Favorites Tools

G| @8 HMI for Toksook Bay, Alaska

&l iy v :o»Page v {CF Tools

) IoUivuLcCu
ENERGY SYSTEMS

@

Login time: 4/25/2008 4:47:28

128 Al

Change Passwaord | LogoL

K {o menu
stem Overview | WTG1 [ WIG2 | WTG3 | DEG1 | DEG2 | DEG3 | HeatRecovery | Control Module | Metering | Alarms | Events
Plant Batteries and Charging System Hydronic System Plant Fuel System =
Pump #1 Status
Charger Status ump u Va Panel Status n'a |
DC Voltage Pump #2 Status Day Tank P1 Status Off
Charging Amps System Temp °F Day Tank P2 Status
; Flow Rate GPM
Local Batt Voltage Unit #1 Motar Operated Valve
Lacal Batt Voltage Unit #2 Pressure Psl
. Fuel Meter Reg Total
Local Batt Voltage Unit #3 :
Fire Suppression System Last Fuel Pumped
Power Supply Status #1 : )
Panel Status Energy at Last Fill
Power Supply Status #2 . .
Future Use Efficiency at Last Fill
Power Supply Status #3
Future Use Fuel Supply Temp
Future Use Fuel Return Temp _
Weather Station Waste Oil Blender
Wind Speed Qil Level
Qutside Temp Blend Ratio
Wind Direction Luhe Oil Blended
Barometric Pressure 0K
Heating and Ventilation System
Ambient Temp 1F
Control Module Temp 35.5 3 -
Living Quarters Temp °F =
artView HMI 3.0.3 2008-04-25 01:13:12.0 Data OK 0{2) - 1(0) |
% € Internet #100% -

A B e e e T o N ——



] v | € https://smartview.nps-gateway.comjJavaHMI. asp?webID=38 v j 9 | X >
Edit View Favorites Tools Help
<R € HMI for Toksook Bay, Alaska ’:} ~ -y v ok P, F Tools -
. oDrsuaroucteu 4R, TET—y—y
J ENERGY SYSTEMS @ Login time: 4/25
K to menu
rstem Overview | WTG 1 WIG2 | WIG3 DEG 1 DEG 2 DEG 3 | Heat Recovery Control Module : Metering : Alarms | Events
Toksook Bay Metering -
eneration Generation Totals Distribution Feeder Metering
iesel Generation Wind Generation Total Real P West et
- otal keal Fwr Nightmute Side Side Tununak Boiler
Exp Engy (MvVh) Total Reac Pwr
Real Power (KA) Total Exp Engy Exp Engy (MWh)
- Reac Pwr (KVAR) Outage Count - Imp Engy (Miwh) [ o
Bus Freq (Hz) Real Pwr {(KiV)
Pwr Fact East Side Feeder - No WTG Reat Pwr (KVAR) [ -0
L1 Amps Real Power Frequency (Hz) H&
L2 Amps Total Exp Engy Power Factor [
L3 Amps L1 Amps 77 -
L1-N Volts L2 Amps
L2-N Volts L3 Amps [ 0
L3-N Volts Mas Real Pwr (KiA)
FEPN] L1 - L2 volts Max App P (Kia)
L2 - L3 Volts Closure Count [ 0
: L3- L1 Volts L1 Max Amps
Peak Pwir (KiA) L2 Max Amps
L1 Max Amps L3 Max Amps [ 77]
L2 Max Amps
L3 Max Amps
artView HMI 3.0.3 2008-04-25 01:13:38.0 Data OK 0(2) - 1(0)

.g.» (g? Internet

-m- — =4 =‘=A=A=m




’ , v | € https:fismartview.nps-gateway.com/JavaHMI, asp?weblD=33 v G |4 X »~

Edit View Favorites Tools Help

a0 | @ HMI For Toksook Bay, Alaska f2 - B - & - [hPage + G Took -
[3) DISUTUULEU @ Login time: 4/25/2008 4:47:28 Al

ENERGY SYSTEMS

Change Passwaord | LogoL

K {0 menu
stem Overview | WTG1 | WIG2 | WTG3 | DEG1 | DEG2 | DEG3 | HeatRecovery | Control Module | Metering | Alarms | Events | Trends

Acknowledge All v

Time Active MName Message Time Clear Time Acked Categor

8-04-17 02:11:43 HRC_W_P2LoopPrsLo P-2 Low Pr ire (N.OJ (L.

artView HMI 3.0.3 Data OK 0{2) - 1{0) |

% € Internet #100% -

m



v | €  https://smartview.nps-gateway.com/JavaHMI,asp?webID

Edit View

Favorites

Tools

Help

A € HMI for Toksook Bay, Alaska

ENERGY SYSTEMS

K 10 menu

stem Overview

nts from:

nt Name:

Timestamp

8-04-2418:37:23
8-04-2418:37:06
8-04-24 18:36:53
8-04-24 18:36:53
8-04-24 18:21:59
8-04-2418:21:54
8-04-24 18:18:54
8-04-2418:18:52
8-04-2418:16:13
8-04-2418:16:07
8-04-2418:16:07
8-04-2418:03:17
8-04-2418:03:15
8-04-2417:58:23
8-04-2417:58:21
8-04-2417:37:17
8-04-2417:34:18
8-04-2417:3319
8-04-2417:33.04
8-04-2417:33:00
8-04-2417:33:00
8-04-2417:32201
8-04-2417:28:05
8-04-2417:28:03

rtView HMI 3.0.3

One Day

WIG 2

WIG3 | DEG1 | DEG2

¥ | or from:

=38

to:

Event Type

EVT
EVT
EVT
EVT
EVT
EVT
EVT
EVT
EVT
EVT
EVT
EVT
EVT
EVT
EVT
EVT
EVT
EVT
EVT
EVT
EVT
EVT
EVT

DEG 3

Viewing results 1 to 500

Heat Recovery

Show: |All

500

MName
WTG2_D_YawState
WTG3_D_YawState
WTG3_D_YawState
WTG3_D_YawREwWCntr
WTG2_D_DSPWarning2
WTG2_D_DSPWarning2
WTG2_D_DSPWarning2
WTG2_D_DSPWarning2
WTG2_D_YawState
WTGZ2_D_YawREwWCntr
WTG2_D_YawState
WTG2_D_DSPWarning2
WTG2_D_DSPWarning2
WTG2_D_DSPWarning2
WTG2_D_DSPWarning2
KOH_D_Gen3Status

DEG3_D_JacketvFDStatus
DEG2_D_JacketvFDStatus

WTG3_D_YawState
WTG3_D_YawREwWCntr
WTG3_D_YawState

DEG3_D_AfCINFDStatus

DAY _D_MtrOpervly
DAY_D_DayTnkFull

Control Module

Metering

v

Alarms

Export

Refresh

7508

1948

7507

OO0 = W= = MN=0 00 W= =m0 a0 = W= Ww

0{2) - 1{(0)

Loginti
Cl

Events

§ € Internet

Trends

E—Jﬁ p—

T

—
P L pe—



One week of diesel, wind and
Secondary Load Control
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When first Toksook Bay was
started, it was un stable

* Fortunately we had installed on meterint
cable of logging and timestamping oyer
our network. The next pictures shows
some SATEC meters.
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Logs went to a speadsheet

» Like the next page
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This is a famous graph derived for
the tabular data

* The graph clearly shows that as the
system slowed down from too much
power, the diesel was loading up to
compensate

« SO THE DIESEL WAS NOT THE
SOURCE OF THE INSTABILITY
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