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¥« Lesson Plan

« Safety Review — Any Questions?

« NABCEP Learning Objectives Review:
System Components




Course

Fundamentals

6. System Components

7. PV System Sizing

15%

Category Time Ezz:: #::EI“ZT
By %

b ::pmz;:?;:: 5% 3 Comprehension
2. Safety Basics 5% 3 Com_pre!'nensmn

Application
ici i Comprehension

0

3. Electricity Basics 10% 6 Problem Soling
Comprehension

* ?ﬁﬁ:ﬁ’is 10% 6 Application
Problem Solving
Comprehension

5. PV Module 10% . roolieation

Problem Solving
omprehension
Application

Problem Solving
pplication

Lo 10% 6 Problem Solving
Principles .
Design
. Application
8. PV System Electrical 15% 9 Problem Solving
Design .
Design
. Application
9. PV System Mechanical 10% 6 Problem Solving
Design .
Design
10. Performance Analysis, Analvsis
Maintenance and 10% 6 Probslfem Solvin
Troubleshooting g
Totals 100% 60




* NABCEP [earningObjectives

6. System Components Learning
Suggested Percentage Time Allotment: 15% Priority
6.1
6.2 List the types of PV system balance of system components, and describe their
functions and specifications, including conductors, conduit and raceway
. . . ) . Important
systems, overcurrent protection, switchgear, junction and combiner boxes,
terminations and connectors.
6.3 Identify the primary types, functions, features, specifications, settings and
performance indicators associated with PV system power processing
. . . . Important
equipment, including inverters, chargers, charge controllers, and maximum
power point trackers.
6.4 Understand the basic types of PV systems, their major subsystems and
Important

components, and the electrical and mechanical BOS components required.
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Schott Solar
PV modules are connected together to form an array, which is the

primary power- generating source and principal component in any PV

system. 5




System,Components

- Inverters

AC CUTPUT
TO LOADS

DC INPUT FROM
PV ARRAY OR
BATTERY BANK

SYNCHRONIZED
AC POWER

» Inverters convert DC power from batteries or arrays into utility-grade
AC power.



« Charge controllers p'rotect batteries in PV systems from overcharge or
excessive discharge.

Morningstar Corp.



Rectifiers and Chargers

AC POWER i RECTIFIER CHARGER ~DC POWER
INPUT FROM — |_OUTPUT TO
UTILITY ﬁ\ & / y | BATTERY BANK

TTTITTL;

Rectifiers and chargers make AC power from sources such as the utility
or engine generators available for charging batteries or other DC loads.



PV systems with
battery storage
usually require
more than one
battery. A battery
bank is a group
of batteries
connected
together to
provide a
specific voltage
and capacity.

East Penn Manufacturing Co., Inc.
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NABCEP Learning‘Objectives

6. System Components Learning
Suggested Percentage Time Allotment: 15% Priority
6.1 Describe the purpose and principles of operation for major PV system
components, including PV modules and arrays, inverters and chargers, charge Critical
controllers, energy storage and other sources.
6.2
6.3 Identify the primary types, functions, features, specifications, settings and
performance indicators associated with PV system power processing
. . L . Important
equipment, including inverters, chargers, charge controllers, and maximum
power point trackers.
6.4 Understand the basic types of PV systems, their major subsystems and Important

components, and the electrical and mechanical BOS components required.

10




Balance-of-system
(BOS) components
include all the
mechanical and
electrical parts to
connect and secure
the major
components.

Junction Box
Combiner Box
Conduit

GFlI
Switchgear
Bonding
Grounding

- - T

SolarWorld Indusiries America

MECHANICAL

cfmn‘ Solar 11

ELECTRICAL



NABCEP Learning«®bjectives

6. System Components Learning
Suggested Percentage Time Allotment: 15% Priority
6.1 Describe the purpose and principles of operation for major PV system
components, including PV modules and arrays, inverters and chargers, charge Critical
controllers, energy storage and other sources.
6.2 List the types of PV system balance of system components, and describe their
functions and specifications, including conductors, conduit and raceway
. . . ) . Important
systems, overcurrent protection, switchgear, junction and combiner boxes,
terminations and connectors.
6.3
6.4 Understand the basic types of PV systems, their major subsystems and

components, and the electrical and mechanical BOS components required.

Important

12




¢ " System Components

Inverters

SMA America, Inc. Xantrex Technology Inc.

-

=t |l :‘
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FRONIyg 6

Sharp Electronics Corp. Fronius USA LLC

* Inverters are available in many different configurations and ratings.

13




System,Components

« Stand-alone inverters are connected to the battery bank.

Stand-Alone Inverters

’ AC POWER
STA?’NE{;EE?EE DISTRIBUTION PANEL\
BATTERY \ \ o —
BANK 4 ;
£ |
= |
DC POWER AC POWER
v
S

14




System,Components

* Interactive inverters are connected to the PV array.

~ Interactive Inverters

UTILITY POWER
AC POWER
PV ARRAY\ 'NTElF\‘;“é%TT'EE_\ DISTRIBUTION PANEL\

-

2
y -

I

Ul
!

"

\

DC POWER AC POWER
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System,Components

- H-Bridge Inverter Circuits

« H-bridge oo
inverter circuits
use two pairs of SOLID.STATE
switching SWITCHES —AC
devices to
direct a DC
input to the

output in both FIRST HALF-CYCLE

directions.
SOLID-STATE
SWITCHES —< Eq—m%

SECOND HALF-CYCLE

16




System,Components

- Push-Pull Inverter Circuits

SOLID-STATE
SWITCHING DEVICE

DC + L O

o Push-pull inverter
circuits use one
pair of switching

bo-0 1 l <§> devices and a

transformer to

=
Q

= © alternate the
FIRST HALF-CYCLE direction of direct
current.
SOLID-STATE
SWITCHING DEVICE
DC + +» f)

=
9]

= [ <

SECOND HALF-CYCLE

17




System,Components

- Low-Frequency Control
' /—SGUAHE WAVE
e Square waves
can be .
modified by ||
adjusting the
duration and
. SLIGHTLY SHORTER PULSE
magn itude of SLIGHTLY HIGHER PEAK VOLTAGE
the pulses. /
MUCH SHORTER PULSE
MUCH HIGHER PEAK VOLTAGE
’ /
Q
) 18




TRUE SINE
MULTISTEPPED \ ’ WAVE

MODIFIED_/
SQUARE WAVE

>

* Combining multiple modified square waves with different magnitudes
and durations results in a multistepped modified square wave that

more closely approximates a sine wave. 19




System/Components

» Pulse-width modulation at high frequencies generates the truest
approximation of a sine wave.

- High-Frequency Pulse Width Modulation

+

gl I~ |~ PULSES

X
L
ya
-
~

SIMULATED
SINE WAVE—"[| [} )

20




System,Components

* Most inverters operate from a relatively wide range of input
voltages, but the range for MPPT operation is smaller.

- DC Input Voltage Ranges

| | .
} l MPPT |
|
|

E*/\iFlANGE :

| e Z
< -V CURVES \ |
= FOR VARIOUS
z TEMPERATURES —< _;
o ' ' 5
| INVERTER | |
3 | OPERATING! | | |

RANGE | |
| | \ :

VOLTAGE (V)

21




System,Components

~Inverter Efficiencies

100

95 —

__H

EFFICIENCY CURVE OF
TYPICAL HIGH-EFFICIENCY
INTERACTIVE INVERTER

90 —

85 —

EFFICIENCY (%)

80 —

75 I [ T T 1 T T T 1
0O 10 20 30 40 50 60 70 80 90 100

PERCENT OF OUTPUT POWER RATING (%)

* Most sine wave inverters maintain high efficiency over a wide

operating-power range. -




System,Components

Charge controllers manage interactions and energy flows between a
PV array, battery, and electrical load.

Charge Controllers

CHARGE
P — CONTROLLER

\—AHRAY | BATTERY
BANK

23



Single-stage battery
charging is simpler to
manage, but multistage
battery charging brings
batteries to a higher state
of charge.

System,Components

. Charging

VOLTAGE (V)

REGULATION
VOLTAGE —

\‘—CHAHGING \

CURRENT IS
EITHER ON OR OFF

BATTERY
VOLTAGE

VOLTAGE (V)

TIME

SINGLE-STAGE

REGULATION
VOLTAGE —~

T

CHARGING
CURRENT
CHANGES TO

INCREASE

BATTERY SOC

BATTERY
VOLTAGE

N

\ FLOAT

VOLTAGE

TIME
MULTISTAGE

CURRENT (A)

CURRENT (A)



Overcharge Protection

: CHARGE
CONTROLLER

BATTERY

BANK —

ARRAY

LOW STATE
OF CHARGE

ARRAY | CHARGING CURRENT
CURRENT Mo IS FULL ARRAY CURRENT

LOW STATE OF CHARGE

CHARGE
CONTROLLER BATTERY

ARRAY ﬂ: 5 ' ; BANK SIFGE'HSJF;I%%
v/ ) e i !l

ALl L ' . CHARGING CURRENT
' IS REGULATED

HIGH STATE OF CHARGE

» Charge controllers protect batteries from overcharge by terminating

or limiting charging current. -




System,Components

- Overdischarge Protection

CHARGE
CONTROLLER

CHARGE
CONTROLLER

BATTERY

HIGH STATE
OF CHARGE

/LOW STATE

DISCHARGING

CURRENT OF CHARGE
CHARGE CONTROLLER et CHARGE CONTROLLER
ALLOWS CURRENT TO LOAD v DISCONNECTS LOAD,

INTERRUPTING

DISCHARGE CURRENT
\ LOAD _ \ LOAD

HIGH STATE OF CHARGE LOW STATE OF CHARGE

» Charge controllers protect batteries from overdischarge by
controlling discharging current.

26



System,Components

Pulse-Width Modulation

FULL CURRENT PULSES
OF VARYING WIDTH

FULL R

CURRENT \

N
EQUIVALENT
current /| | TN

CHARGING
CURRENT (A)

Sy
At

TIME N_PULSE
FREQUENCY

* Pulse-width modulation (PWM) simulates a lower current level by
pulsing a higher current level ON and OFF for short intervals.

27




System,Components

/—IRRADIANCE FALLS
IN EVENING,
LOWERING |-V CURVE

ARRAY CURRENT (A)
<

I-V CURVES
OF ARRAY

VOLTAGE

MPPT CIRCUIT CHANGES
ARRAY VOLTAGE TO
MAXIMIZE POWER

 Maximum power point tracking manipulates the load or output
voltage of an array in order to maintain operation at or near the
maximum power point under changing temperature and irradiance
conditions. 28




System,Components

Diversionary charge controllers regulate charging current by
diverting excess power to an auxiliary load when batteries are fully
charged.

- Diversionary Charge Controllers

DIVERSIONARY
CHARGE FULLY CHARGED
CONTROLLER BATTERY BANK

ARRAY

FULL
ARRAY  |&
CURRENT I

SMALL FLOAT
CHARGE CURRENT

SMALL DISCHARGE
CURRENT WHEN
NORMAL LOADS
NOT NEEDED

DIVERSION

LOAD %3

29



System,Components

Equalization Charge
EQUALIZATION
VOLTAGE

/_\

\HEGULATION

BATTERY VOLTAGE (V)
CHARGING CURRENT (A)

VOLTAGE
CHARGING
CURRENT
BATTERY
VOLTAGE

TIME

« The equalization setpoint brings the battery voltage to a level that is

higher than the normal charge regulation voltage.
30




. * _NABCEP L_eanning‘Objectives

System Components
Suggested Percentage Time Allotment: 15%

Learning
Priority

6.1

Describe the purpose and principles of operation for major PV system
components, including PV modules and arrays, inverters and chargers, charge
controllers, energy storage and other sources.

Critical

6.2

List the types of PV system balance of system components, and describe their
functions and specifications, including conductors, conduit and raceway
systems, overcurrent protection, switchgear, junction and combiner boxes,
terminations and connectors.

Important

6.3

|dentify the primary types, functions, features, specifications, settings and
performance indicators associated with PV system power processing
equipment, including inverters, chargers, charge controllers, and maximum
power point trackers.

Important

6.4

31




» The simplest type of PV system is the direct-coupled system,
consisting of only an array and a DC load.

32




Self-regulating
systems avoid
the complexity
of adding
charge control
components by
precisely sizing
the battery and
array.

DC LOAD/

33



System,Components

Charge-Controlled Stand-Alone Systems
ARRAY -
\gmmy
Imef:’l

/i
/
Wl

V

CHARGE
COMTROLLER

PHIMARY
DG LOAD

ALXILIARY
LOAD
(OPTIONAL) -

WITH LOAD CONTROL

ARFAY -, )

4 il

£ /c.:f

i

ST

; f CHARGE
f- CONTROLLER

5

WITHOUT LOAD CONTROL

Systems with
charge control
regulate the
charging current
into the battery.
Regulation may
involve
disconnecting or
dissipating the
current inside the
controller or
diverting the
excess current into
an auxiliary load.

34



¢ " System Components

~
o * #

« Stand-alone systemé for AC loads must include an inverter, which
draws DC power from the battery bank and changes it to AC power for
distribution.

- Stand-Alone Systems for AC Loads

CHARGE
CONTROLLER

AC POWER —
DISTHIELITIDN_// ' A , _—
PANEL |

— —] ' INVERTER

il -: g , 35




System,Components

~ Utility-Interactive Systems

INVERTER

—____ ELECTRICITY
METER \

e — b

/ UTILITY-INTERACTIVE

UTILITY
GRID

AC POWER
DISTRIBUTION
PANEL

» A utility-interactive system is controlled by the inverter, which adds AC

power converted from DC power to the utility grid power at the main &C
power distribution panel.




Utility-interactive systems have either net-metering or dual-metering

System,Components

arrangements for exporting electricity to the utility grid.

/

AC POWER
DISTRIBUTION
PANEL

__Electricity Exporting

UTILITY GRID

BIDIRECTIONAL

IMPORTING

UTILITY
VETER— s " GRD

b L

METER
7

A\

u”g

b

| = ;J
e | C N A
: ELECTRICITY MOVES |
BOTH CIREGTIONG \_S?S"I;ggﬁ%ow * \—EKPDHTING
THROUGH METER i

PANEL
NET METERING DUAL METERING

37




System Components

Bimodal
systems can act
like either a
utility-interactive
or a stand-alone
system.

- Bimodal Systems
ARRAAY —\\/7
mﬁﬁﬁf
Y /]

CHARGE
CONTROLLER

1~ MAIN
/—IN\.-'EHTEFI. L P
<4 ==
| = F | |
— N —/|Ed]l
— \—unuw
! ELECTRICITY _r/ AL
£ METER
L ﬂ Lol | B
== R
= = | | LOADPANEL

38



ADDITIONAL
ENERGY SOURCE
(NOT UTILITY)

f

Hybrid systems include power sources other than the PV array and do

DC POWER
INPUTS

not interact with the utility grid.

INVERTER

AC POWER

DISTRIBUTION

PANEL

T ~_RECTIFIER

39
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