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Presentation Overview

» Solar Inverter options
* Types of systems based on inverter choice

« Types of Solar powered Micro Grids

Relevant electric codes

Systems Architectures using Micro parallel inverters
« Off grid systems
* Grid tied systems
+ 3 Phase Grid tied systems
« Grid tied / Emergency power systems
+ 3 phase Gridtied / Emergency power systems

*  Micro-Parallel inverters, designed reduce the cost of generation and maintenance
Cost taxonomy based on components installation and maintenance
Micro parallel inverter overview.

* Methods of calculating the investment breakeven are presented

Curves allow for the quick determination of cost based on;
* power generation costs (investment),
* energy value (electric rates),
* labor rates and component costs are provided.
* An, example of how to determine the investment payback for various
configurations
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Three classes of Inverters

1. String inverter - Converts DC to AC for a string of panels
. High voltage DC inputs
. Largestin class
. Conveniently placed near the service box
. PV panels are connected in series. Voltage builds with each panel
. MPPT tracking for the string
. Smart Data limited to an average across the string
2. Micro Inverter - Converts DC to AC for each panel
. Low Voltage DC voltage inputs < 50V
. Size of a small cigar box
. Mounted on the Panel or just below it on the frame
. MPPT tracking of the inverter for each panel
. Smart data to the individual inverter and panel
. Power generation continues with the loss of any given panel

3. Micro- Parallel inverter - Converts DC to AC for up to 4 panel with each panel handled as an individual

«  Low Voltage DC voltage inputs < 50V === a
. Medium sized (Width of a panel, (designed for single handed blind tool less mstallatlon and removal))
. Conveniently located as desired ( Panel, frame, or near service box) e

2
Q
iIF

. MPPT tracking of the inverter for each panel

. Smart data to the individual inverter and panel -
. Intelligent alerts emailed to the maintainer/owner isolates failure to panel or mverter

. Graceful degradation ( continues to operate with as few as 1 panel powering the inverter)
. Thermal survival mode (throttles power generation to survive abnormal ambient temperatures) =)l
. Remote power throttling by the owner/ or power authority to mitigate over production
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p-parallel inverters are the solution when maintenance
and cabling, and hardware costs are the driving factor

Hardware, cabling and Maintenance

e N EMC costs Benefit u-parallel inverters
e R - Self mapping array automatically maps
St i'%%g 22 Broaker inverter location to their physical location
', ol Panel Disconnect in the grid map
ol Time saving during installation
e N\ Eliminates “hunting the field” for the failed
ef:a:a:a o inverter or panel if mistakes occurred during
e ot Grid a manual mapping
o 2ttt Goof proof cabling to panel

Each cable is a different length.

Position on the trunk cable automatically
determined by the EMC.

Micro Parallel - Inverter

Optimizer
d * Intelligent alerts diagnostics and
e el Her :E prognostics
e o %% Y pe I | Breaker | [ Tool less maintenance
e S| i Combiner LI f] pone e 1. Single handed blind install/ removal
e e o Field reparable components
Optmizer - I« Reduced cabling
. id | No need for DC combiner's
A R e S e e < No need for Optimizer's
= St «  Graceful degradation when panels fail
. Inverter

ng
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p-parallel inverters are the solution when maintenance
and installation costs are the driving factor

Installation and maintenance costs

o
i L] L]
2 S EMC Benefit u-parallel inverters
. Bli ) . .
e = . Y4 the inverters to install
:g:g %:g: . Install where convenient
.;.:.;: .;.:.; Breaker . Self launching web page and system setup guided by wizard
3 e Disconnect launched from the EMC
Panel EMC S/W wizard guides administration password and Internet
= ] setup.
= ,;:g o EMC S/W wizard guides install.
e =, = . Self mapping array automatically maps inverter location to their
X physical location in the grid map
e :uuu“:':‘ﬂ' d‘a ) Grid Tirne_ saving duri_ng installlatinon o _
s alinle Eliminates “hunting the field” for the failed inverter or panel if
o M P H 1 I mistakes occurred during a manual mapping
o 1ICro Iaraillel - nverter Goof proof cabling to panel

Each cable is a different length.
Position on the trunk cable automatically determined by the

EMC.
. Simplified cabling system
EMC 4 panels/ trunk
1trunk / breaker
. Intelligent alerts diagnostics and prognostics
. Tool less maintenance
| | Breaker Disconnect Single handed blind install/ removal
| Panel Field reparable components
. 4 x the panels monitored per EMC due to decreased inverter
2 bandwidth requirement.
o, 1 p-parallel inverters vs 4 p-inverters
_\, -D i,
| - | :
:i:i I : Grid
o U- mverter
—=
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Technology selection based on
installation specifics

Utility level
generation

1 MW and above

Commercial
generation

20 KW

Residential 5 KW
generation
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Three types Micro Grids
1. Off grid

Provides power to a building with out connection to a utility power grid.
Requires battery storage to serve as a ballast to the fluctuations of solar generation.

Requires a wave form generator of the same size as the anticipated load that is
incorporated into an off grid only inverter or a separate wave form generator where the
inverter can be used in a grid tied application.

Requires a fueled backup to recharge batteries or operate during extended rainy
seasons where a solar drop out lasts long enough to deplete the batteries

Requires a transfer switch to sense when the solar generation is below a threshold
during emergency power generation to start the generator and disconnect the
emergency wave form generator.

2. Grid tied

Provides supplements solar power to a building that is tied to the utility power grid.
Shuts off when the grid fails or browns ouit.
Critical safety feature that allows power crews to safely work on restoring power

3. Grid tied with automatic emergency power

A grid tied system with automatic transfer switches automatically disconnects from the
grid when the grid voltage drops below a set level and then turns on a battery powered
wave form generator of the same size as the anticipated load that allows the grid tied
system to behave as an off grid system
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Governing Electrical codes for Grid tied and emergency power

NFPA 70/ NEC Article 690 - Solar
Photovoltaic Systems —

Building Codes — ICC, ASCE 7-05
Uniform Solar Energy Code — ICC

UL Standard 1703, Flat-plate
Photovoltaic Modules and Panels

Anti Islanding UL1741
Anti Islanding IEEE1547
CAN/ CSA-22.2 no. 107.1-01

IEC /EN 62109-1, 62109-2

Immunity for industrial environments
Reference IEC / EN 61000-6-2

C-tick
California energy commission CEC
Grid Code Compliance IEEE 5047

Grid Code Compliance
AS 4777:2005-2&3

Grid Code Compliance
VDE-AR-N 4105

Grid Code Compliance
VDE-V-0126-1-1/ Al

Grid Code Compliance G83-2

General Use Power Supplies CSA
C22.2 No. 107.1

MICRO-03-I-OUTD-US-208/240
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New transfer switch technology allow the design of
reconfigurable grid tied systems that provide emergency

power

- Smart Phase™ Automatic
transfer switches v

:‘ -
RV POWER
TMNIF!R SMTCN

generator start (under -

CAUTION
e — D
1o S

voltage detection),
Load shedding (over
voltage)
generator start inhibit
when voltage is within
operating range.
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2nd Emergency Power Backup
Automatic transfer switch
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30 Grid tied micro grid with emergency power architecture
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pu-parallel inverters

* A new paradigm in inverter technology

* Developed to eliminate hardware, and
reduce installation and maintenance costs
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Taxonomy of a PV investment

* Department of Energy’s Lawrence Berkeley National Laboratory (Berkeley Lab).

Residential and small commercial systems <10kW

* Framing
0.68/W  1.10/W

Panels
0.70/W 1.00/W

Inverters
0.70/W 1.00/W

Installation

1.82/W __ 2.8/W

Total cost $
3.90/W 5.90/W

Installation is largest cost driver by a factor of 2 to 3

EST TRC confidential and proprietary mc ,
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System sizing
300KW and below grid tied or off grid system

Cost trade begins to swing in favor of String inverters

1000 Panels, 250 inverters, 63 trunk cables, 1 EMC
1.5 acre of land with spacing

Performance

1.2KW instantaneous and 1.1KW continuous output power.

120/240V 1 Phase AC / 208V/240V 3 Phase AC
Robust performance and graceful degradation

Up to 4 panels per inverter. (operate with as few as 1channel.)

AC power (no need for DC combiner boxes.)

Survival mode; throttles generation for high temperature

Electricity Monitor and Contro}-

Smart grid data collection, self-diagnostic, alerts
Web-based reporting,.
Remote control and upgrades.

Maintenance & installation
Single handed blind mount installation.
Automatic grid mapping of panels and inverters
Home installation (16 panels, 4 inverter 1 trunk)
Commercial 30 (48 panels, 12 inverter 3 trunk)

Trunk Cables

Simplified installation | trunk per service breaker
Integrated ground

A Connectors
Sunge Guare
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Solar Investment payback

« Pay back time(yr) =
* investment for power production($/watt)
* X 1000(w/kw)
» X value of energy produced($/Kw/hr)
* X hrs. of generation (hrs./yr)

« Assumptions for hours of generation

6hr/day generation
365 day/yr
* System content;
Panels,
Roof top mount
Trunk cables
Inverters
« Installation and tax credits not excluded
Tax credits are handled as a deduction. On the curves
US average tax credits for 2013 were approximately $0.60 per watt.
* Installation costs estimated by adding in on the curves
$1.80 to $2.80 per watt
Need to ratio labor costs from US to installing country
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Solar Investment performance parametric analysis

6 yr. payback on
commercial

(Years until positive cash flow)
(Assumes 6hr/day generation 365 day/yr)

Pricing Study Generic for 5KW module at specific energy rates

Investment to
Produce power

$/ Watt

4 inverters

4.5KWsys| _

1 trunk cable

payback on
p%gerty uying

Py a o ¥

bulk

commerci

Fa)
3023y /

32yrp
property buyin

S033Kw/hr

2.2 Jm payback

On res
property buying bulk energy at

sidential

$0.5Kw/hr

=

$0.05 $0.06 $0.07 $0.08 $0.09 $0.10 $0.15 $0.18 $0.20 $0.25 $0.30 $0.35 $0.40 $0.50

Value of energy Produced $/Kw/Hr

=o— $5.00
= $4.00
=i $3.00
$2.75
$2.50
—— $2.25
—t— $2.21
—_— $2.41
— $2.27
$2.46
$2.44
=t $2.38
$2.60
== $2.05
$1.96
$2.34
$2.31
— $2.39

4.5KW sys

Pay back time(yr) = investment for power production ($/watt) x 1000(w/kw) x value of energy produced($/Kw/hr) x hrs of generation (hrs/yr)
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Contact

Arnold Kravitz

VP Marketing and Sales
4525 140t avenue N
Suite 900
Clearwater, FL 33762
1800 780 4324 x 328
akravitz@trci.net
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Introducing SmartPhase™ 1.2 Kilowatt Grid Tied Micro Parallel Inverter

Technology Ressarch Copomtion, &
aubsdiery of Colaman Cable
designad and
developad a naw
dass of inverter,
Mcmo Pardiel
inverter. Thase

easng he
agoromic burdsn

Amico pasiiel inverer has tha
safety and data of an AC micm inverter
with the instdlation comveniancs and

placemant fiestbilty of a DC string

data msolution & suficent to trace
d fauts to indvidud
modues. Tha
:nm pending (utity paents fied)

acture has four indspsny

funcional The softwam achitectrs
scier's frmware and

0 be mmotdy upgradad
led units aganst

Technology Research Corp. * 4525 140th Avenue North, Suite 900 » Clearwater, FL 33762 « 800-780-4324 » www.trcinet

SmARTPHASE.

Inverter
Characteristics

> 1L.25W instantansous and 1. 1KW
continuous output power.

» Robust pedormancs and
graceful degradatonup to 4
pands per inverter. Continuss
10 operate with as few as |
pand and 1 channsl

» Standard cabling and
connectors are used and the
AC invatars eiminate fhe naad
for DC combiner boxes.

bEasysu')tha'\dedtﬁnd

upgrades.
> 120/240V 1 Phass AC
» 208V 3 Phasa AC

To learn more about
Smart Phase™
1.2 Kilowatt
Grid Tied
Micro Parallel
Inverter
please call:
1-800-780-4324

INPUT DATA

Recommanded input powsr 210-300 W
IMavimum input DG voltane 48V
Peak power tracking voitsgs 25-500
ing mnge 2550V
Start vohtzge fminmax.) 25-500
Mapimum DC short aurant 15A
Masdmum input aument 153 A
OUTPUT DATA
Peak oulput power 1.2 kW
Rated cominuoLE power 1T1kW
Mominal cumsnt (&) mme @ Nominsl dursfion 458 @ 2400 5.20@ 208 916 @ 1200
Nominal voitan efranns (V) 2400211264, 120/85-135
MNominal frequencyrangse He G059 3-60.5
Extendad fequencyirange He 57-625
Powver factor =085

Madmum output fault oument (A)
THI (& rated power)

24 pansk, Gimerers @ 2400
B0mA ma for 6 cycles
16 pansis, 4 inveriers @ 2400

<5%

CEC weighted efidency

EURD affciency

Peak rvarter sfidancy

Stafic MPPT eficiency weighied rdEl’HEGCI

Night ime power mr"rm

95

06

904
<0005 W

Height (mmm)
Do fmimj
Weight
Amibient Empergure rarge
Ciperating Bmperahurs rangs irtemal
Cooling
Enciosus erdronmentsl rafing
gress protection 1F)
KEY FEATURES

PV module call compatiility
- o
imtegrated grund squipmant

3

6.5

0.75"

gkg

-40°C 1 G5°C
-10°C 1 85°C
Cornvedction
NBMA-G

P 66
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