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A Highly Redundant, Low-Voltage Solar Topoloqgy

12004  Modules (v,.=0, J,.=0)
SOLAR Redundant, Parallel DC Output Repeats PV Cells Interconnected

In Series / Parallel (<15VDC)
/ (Eliminate Cell Dependencies)

Low Impedance Ground Plane

(Low Internal Resistance)

Redundant + Efficient Low-Cost
DC:DC Converters
(For Near-Cell Optimization)

Low Cost DC Bus (<60VDC()
Analog Control by Module

/ (No Unregulated PV Current)
/ - R
- RAIS Inverter
_ + Optional 48VDC Storage -
(Battery Only, No Other Hardware)
Repeats
\§ |
7/ I
/ I
/ / /
Grid AC Redundant Inverters No Control Dependency Between Units

(Three Phase w/ Control By Phase) (Not Dedicated Per Module) (For Storage - Curtailment Commands)




RAIS Inverter Bus

ten K

SOLAR

AC Out DC In AC Out



RAIS Inverter Bus:
=ulid Unparalleled Inverter Reliability

SOLAR

Redundant Power Sharing Shatters Traditional Limits of
DC/AC Reliability

500W and 1000W small
inverters at
low 50V bus voltage.

AC Power combines in 36 KW

3P blocks, All units share load, only power on as
Very very low cost rooftop Needed. Duty cycle cut by Y.
electrical installation

Inverters are warranted for 25 years, run cooler and %2 the time on the tenK

bus. Shared power bus design means any individual failure has nearly no
impact on output.




Parallel, But No Comm

ten K Between Devices >57V - Off
SOLAR

System Response Shown to Left
53-57V - Transient

57V - Constant Voltage —

Each Inverter

Modules Self-Start in AM Operating 51-53V

Push System Voltage to 57V

One of Inverters on Bus
Lowest Voltage Setpoint of Group 35-51V

Pulls Current From Bus Transient Operation
System Voltage Falls to Setpoint
Once First Inverter Reaches Limit
System Voltage Rises Slightly
Second Inverter Starts - New Setpoint
0-35V

Repeats For Each Inverter Until All At Max
System Voltage Rises to 57V
Some Modules Drop Into Constant Voltage Mode
System Holds at 57V

No Operation

Randomize Inverter Setpoints Daily for Wear Leveling




ten K

SOLAR

Effect of Redundancy
First Consider Energy Loss Curve In Solar
(i.e., Energy Delivery vs. Inversion Capacity)

Shared power bus design means any individual failure has
nearly no impact on output. Result =» 88% or > energy
guaranteed from system after 20 years with no maintenance.

Energy Delivery (% of Full Capacity)

Redundantvs. Dedicated Inversion Capacity
Minneapolis - Titan XT 26

100%
'\1_5% Energy Loss - Redundant y=-0.0281x°+0. 7376X3 - 2.3019x2 + 2.5348x + 0.0018
R?=0.9998
o 10% Energy Loss - Dedicated /
80% ) 8y —~ /

o / /4—>
Example:
10% Loss of
Inversion Capacity

40%
Redundantly Allocated
(Not Dedicated to Strings or Modules)
20% A

Distributed Inversion
(Dedicated to Strings or Modules)
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Inversion Capacity




SOLAR

Units On

Average Hours On
Annual Duty Cycle

Conventional (4520 Hours On)

Duty Cycle Effects

Data Below is Solar Power Production in MN
Sorted From Highest to Lowest Through One Year

By Powering On What is Needed: Duty Cycle is 23.7%
Powering On All Units When Sun is Available: 51.6%
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Units On - RAIS Inverter Bus
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SOLAR

Effect of System Redundancy
1% AFR for Electronic Units (Module and Inverter)

and 0.2% / Year Module Degradation (Parallel Cell Interconnects)
(And Compared to 10 Year Life Conventional Inverter)

System Energy Delivery (% of Module Nameplate)
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Entire System Production (Including Inversion)
Without Maintenance Over 25 Years

25 Year - Maintenan
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SOLAR

Single
Inverter
Module

Multiple
Inverter
Modules
Connected
Via
Bus

1% Higher Overall Efficiency when inverters
share the load versus a Single Inverter Efficiency

r Efficiency Curve

100

SAM/Sandia Inverters/Altenergy Power System: YC5001 240V [CEC 2012]
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ten K
SOLAR

Today: 12 kW Kit Installer Snaps
Into Array - Single AC Connection
Pre-Kitted and Shipped by tenK

RAIS

RIB — Electrical and Mechanical

Rib Assembly # 1600150

RAIS Inverter Bus ¥1600106

MNPV12 PV DC

DISTRIBUTOR & S00W 240 VAC inverter
DISCONKECT medules

Q1-2014: 24 kW Kit - o

2AWG Al or Cu

Single AC Connection vkt
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RAIS Inverter Bus 1600106 T
204
DISTRIBUTOR & SOOW 240 VAC ingérier
DISCONNECT maodul
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Cord AC
Valiage 240, 14
No neutral
Peak current 16.7 A

AC Collector
#1600304

Collector AC
Valage 240, 34
No neutral
Pezk current 289 A
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