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Lessons Learned

= Rellabilicy is paramount;

+ Reliability based on: simplicity, capacity, redundancy and
history;

» Affordability is another extremely important dasign
consideration;

» Installation raguirements must match in-country capabslities




MUSTS

» involve the in-country stakeholders in all aspects of the project,
fram rescurce evaluation fo implementation,

» fraim oparators,
+ use commercially available equipment.

» test equipment, as part of a system. before it can be deployed
to remote locations,

» gsiablish appropriate malntenance schemsas.
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The Mabouwalu, Fiji System

» Eight Bargeys provide plenty of redundancy but they were
difficult o fit into the site. Thres or at maost four larger turbinas
would have been better

» ASE Americas PV modules with high voltage cable connactions
built into the module, take much less time to wire (2.9, 40 KW in
Fiji took 25% the time to wire 10 kW in Hawaii);

« One (of 144) module had its glass backing shatter from thermal
effects, but it is still operational
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= Tha company chosen to provide the Fiji inverter had denau::!es af
experience in high power UPS systems and n_eedad oy minar
madifications to tum ana of itls UPS consoles into a hybrid
gysiam Invertar.

« The inverter is a hybrid rotary system: ABB motor drive
powering an induction motor, which then fums a synchronous
generator, The capacity of the inverter is such that it easily
supplies the load and can start the entire load.

« The efficiency Is less than the Hawaii static inverter, but the
system has been reliable since installation,

INVERTER MODE EFFICIENCY
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« To allow easier installation and better cooling of the cells The

battery in Fiji has cell trays one half the size (stx cells vs. bwiglve

cells).

Either gensat can run the village, but neither can start the entire
village sa if diesel is usad to bring the village on line, the load
must be segmented and placed on the grid in saquance;

The major problems with the system have involved the gensets.
Only ona has actually been placed into sarvice, becausa of a
braaker failure in unit 2. This means that when bad fuel caused
problems with the lone operational diesel, the systam could ot
supply load. Public Weorks is attempling to remedy the fuel

guality problem and repair unit 2.
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Summary

s Incremental increases in simplicity, redundancy, capacity and
operational history have increased the reliabilicy of the Fiji
hybrid power system over the Hawaill system;

» Both are connected 1o existing mini-grids that were sarved by
fossil fusled generation. Both grids have seen an increase in
power quallty; and, the Fiji grid has seen an increasea in
availabilicy.
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Demonstration and Training Facility in Hawaii
= Kahua Ranch Village on the Big Island of Hawaii, The village is the
residential and operational center for a cattle and sheep ranch

Basaline (350 KWhiday) facility was installed June 1996 and
reliable operations weare achieved in August of 1797,

-3 x 8 KWp Bergey Wind Turbine Generators

- 40 x 245 Wp ASE Americas PV Modules (Crystalline Silicon)
- 428 KWh, 240 VDC Trojan (flooded lead acid) Battery

- 30 KW Solid State (Static) Inverter by AES

- 36 KW Koehler Diesel Generator
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SYSTEM PERFORMAMNCE

Design Conditions

» Annual averages of 5.25 sun-peak-hoursiday I:kWI'l."m?-:]ay':l and
B9 mis;

» The renewable energy componenis were expectad to meet 72% od
the demand, with the balance supplied by the gensst;

» The COE was expaected o be in the range of 0.32 to 0.36 $kWh
(15 years life; 3% 1o 5% loan; S-year batlery replacement)

Actual Performance [Singe BT
= Tha PV armay is supplying 94 % of the deslgn valus; and,

» Tha WTGs were only supplying 74 % of the design value; however
stator moadiflcations should increase production to the design vakes®,

= The actual COE will be in the design range (< 0.36 S&Wh).

“once all stators are replaced.
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KEAHUA (HAWAII) REPAIR RECORD
Darte REPAIRS | 1&M
Wid 447 Rtpai.red slip ning bnesh Mu:.rﬂhl:.l'
Turkines fumit 31, downtime: 1day
Installed | 2497 H-Ep|a:‘.‘é|l lesding edae YWisal
filkia ] tape (all units), 14 inspection
a7 | Tail damper shafls Cruarierly;
failure ahserved (all
units), Apparently since
W97 | Tarl aachment filure Liovwer &
(it 3% downtime: 1 inspect
monith turhines
17 Fl.l:'[:ll&tl‘.'d taul {umit 3 1d | Yearly:
Tighten all
Conmeciions
: [ Date|  REPAIRS [ 1&M |
Wimal 3E | Test of Unit 2 with | i
Turbines | standard sator vs | previous
||.'1p|.'nm-|:nlal.' Froduction | page
[14x '
58 | Another tail atinchment
failurg (unit 1); | day
A% | Mew designed il
| damper abeafis & pins
| received from Bergey. Il
QUE | Seator for Unin replaced
with standard design
‘ (bilgher produciion .
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| Date REPAIRS &M
Inverter | 9% | Set point changes Monthly:
i
| 397
Installed | %% | Mew operating software | Wiswal
4/ | inapction
Replaced Failed relay Yarly:
Installed diode across Tighten all
| coniacton connections
Lo | Feplaced bumil capacilors
| & new firmware
L% | Replaced failed conirol
battery | & 297
| firmware, efc.
| 07 | Grounding mods. &
ferrite EM] filvers o
gliminaie radiation |
SR b dage Fmm
T i i I
; Date | REPAIRS &M
Imverier | B9 | Afier 1-vear of reliable See
aperation, inverter fails o | previeus
contred genset owtpud, 10 | pese

socket eofrodlon
suspected, Repair of
sockel reguires de-
powering conial

banrd, . .another control
program § firmwane) [ost
an pe-powet of comirol
banrd

919

Control board replaced
{includes wpgrmded
! firmware 1 downtime: §-

|weeke,
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[ [Dawe REPAIRS 1&M
Battery | %97 | Cleamed terminal Biweekly:
| carmrsion add 10
gallors of
| waier
Installed | 93 | Cell 55 (of 1207 very kv | Monthly:
41, voliage (.82 V). Unable | Visual
o charpe. Cell jumpened | Imspecion.
across. Waiting for | Yearly;
replacensent, | tghuen
| comniechioms.
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Inverter Efficiency
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COMNCLUSIONS Kahua (Hawall)

. Testing has confirmed the importance of considering only
equipment with operational records for applications in
remote locations.

. Eguipment must ba tested as part of a system supplying
electricity to actual users or to a load bank programmed to
represent realistic load profiles.

« Preliminary maintenance schedules for all compaonents have
been developed.

+ The experience gained was used to design a 720 kWh/day
system for the village of Mabouwalu in Fiji.
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HENEWAELE HYBEED VILLIAGE POWER SYSTEM
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720 kWh/day Village Power System for Mabouwalu, Fiji
» Government station at Nabouwalu in Vanua Lesu

« Wind and solar insolation monitoring station was set up, by FOoE, at
a location salectad afler a fiskd trip and in consultation with the
rasidants

= With sie-month anvirommental and slectrical load data reconds
(some cormelated with twanty-yvear long records from a nearty

metecrological station), the design was developed by PICHTR
working with FOwE and PWD.
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Design Configuration:

'l i P

-8 % 9 kWp Bergey Wind Turbine Genarators
-144 x 260 Wp ASE Americas PV Modules
- 428 kWh, 240 VDC Trojan Battery

- 100 kWA Ratary-Hybrid Inverter by PS&C

- 2 ¥ 100 kWA Diesel Ganerator and Mini-Grid in Mabouwaly

(A ke AR '|-E', L o

A T TR LT IR iy

W ETMTEARLS
AP AW D

————— —
- SATTURSRTY
[ (WP Rl
ik AL YA W L7 % SRl

R TAN ALY T7 6 kW
DOE mu.pm:l'.rill-:l:l.l'::u_‘
} Fabid El e T PR
Pt i ATTE & CHAER CH R CTHTELR.

TN
PR b el AL ANTRASE | -
ummem o T ‘x T PR AR O T

. IR = 4.0 LA B H

BATTET CHAsCR

Y
BT T

S o WD L M T H AR It
= I TR TS 4 CHERCIRREST PRoTE T
:::lr Hll_lu_-:-.l:‘;:':_ T BT SHLBTS TS ALL DT FFUTS

!

(.

I AT i N e BATTRRE. WM AT

TR
pnr, o i B o ! EAL T LARE esuian
R A R AL T [T T
i FLLL TPVl s
i L, il TR T

1, 0 AIPTIR. LRI LERD A CRLLS
A RED [ 3 T PR RETTR LR TIRA P
R A TR BRTER
T AL DO 8 oo s ail ) A
%= N

N, TS RATRS

Lol R

B, :

WrF
CTRMAN TS

LLEAL Ay OEFTTAL LA
PRI T RN S, P

1 T
WP R ST

WL LIRADE: VA 11 Y TILSAERaeRr
AFTRDE ol (RRTET T VEFRAL

RENEWASILE HYBRID VILLAGE FOWER 55STEM FORL MASOUWALLL FLI

THE PACTHIC INTERMATIONAL CENTER FOR HIGH TECHNOLOGY RESEARCH

COMPOMENT BLOCK DIAGHAM

ST L. 1T e ROALL

EFEvIEER e DEAWH BY PR

14



¥ illagn Parwsr 91

Energy Sources
Renewable sources are used 1o energize a DC bus, which
supplies the energy to run a hybrid rotary invertar which in turn
porwers 1he load, the excass is stored in the battery

Wind Torbine Generators
# The WTGs turm permanani-magnet generaiors which produce
thresa phase AC power of varying frequency .. transmitted 1o the
alectricalicontrol room wharsin the power s rectified and the
voltage regulated

+ With proper IM&R, the life of the wind turbines and towers
should excead 20 years.

Vs . Wirga, PR

PV Array

¢ OC alectrical output of the fixed PY Array is regulated by a
contraller

# Minimal IM&R Is required to attain life cycles of 30 years.

Genset

# The generators produce 50 Hz, three phase, 415 Vol oulput. 10
power the load directly and to charge the battery when required
(sed point 1.5 Vcall)
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Energy Storage

= When the renewable resources are insufficiant to support the
load, the battery discharges to the DC bus.

¢ Fully charged, the battery can run the village 2 day

+ When the battery is charged (set paint 2.4 Vicell), the WTGs
and PV controdlers limit the charge rata fo prevant avarcharging
{l.e., regulate).

+ With Proper IM&R the battery should last 5 to 10 vears
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DT o AC Conversion

« Tha hybeld rotary inverter consists of vanable frequency motor
drive {(ABB) which converts the DT bus current 1o three phase,
80 hz, AC at = 150 Volts RMS._.. to run an induction motor
coupled to a synchronows generator which produces the 415 W,
three phase, 50 Hz supply.

= The inwerter raequires no panodic maintenance other than
inspection of the coupling batween the molor and genarator.
The bearings in tha mator and genaralor are sealed and cannot
ba greased. The expected life of these bearings in continuous
senvice is 20 years.
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SCADA

= Contral of the invarer is sharad betweaen a microprocessor
based control board and a GE Programmable Logic Controller
{PLC-1).

= Anolher PLC [ PLC-2), controls the operation of the diesal
powered battery charger and collects data from various power
mienitoring and environmental sensors and transducers.

« Communication and collection of data from PLC-2 is through &
personal computer running AIMAX software produced by T.A
Enginearing.
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