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 What, Why, How Power Electronics?

* Whatis Smart Grid?

* Grid Interactive Renewable Energy Source Power Conditioning
Unit

* Importance of Remote Monitoring and Control of Power Stations
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¥ What, Why, How Power Electronics?

What, Why, How Power Electronics?

What?

Solid-state electronics for the control and conversion
of electric power

Why?

To use power efficiently you need power electronics

How?

» Applications of PE
» Power Generation
» Power Transmission
» Power Distribution
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PE System

Sensing
&
Feedback

Reference
settings
&Commands
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PE System

( AC-DC Converters (Rectifiers)
DC- AC Converters (Inverters)

DC —-DC Converters (Choppers)

JAC —AC Converters (Cyclo Converters)

JAC Regulators
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CIMC
Some facts

vit)

Combined Signal

D
www,cdac,in

Message Signal
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Yes, Got it!!!
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CDMC
Spectrum

LSide View is called Spectrum

vll'l':f}

Vout dc

f 2f  a3f Frequency
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Frequency

Q/nformation is coded Inside the Frequency

UNeed to extract the required frequency

QAIl systems are doing filtering
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CDMC
Voltage Divider
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Inductor

v(t) |; A v(t)

L TLL

Time

v(t) = Ld;‘f) () = | voar
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Solution

DG

SW1 OFF and SW2 ON
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Switch ???7?

=>W1

SW1 OFF and SW2 ON

T

A fv(t}dtz 5Vdc:5= ——

0=ag = T
ol
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Voltage and Current Waveform

Waveforms
'h|'|l',ﬂ
"""ufﬂ
iswa(t) 5w (1)
ioft) pe=m——=y
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Time
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Boost ?7??
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SWITCH

[—

SPST
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Ideal Switch

Ron =0, Roff =0

When ON Should withstand up to Infinite current and Von =0

When OFF Should pass zero current and withstand up to Infinite Voltages
Zero delay on switching ; ie Ton =0 ; Toff =0

No losses

ON — OFF is Fully controllable

o O O 0O O O DO

No Power to drive the Switch

There is no Such Switch in Practices
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Drift and Diffusion In Semi Conductors

J Motion of Carriers Under the influence of an electric filed

d Motion of carriers from Higher concentration to lower Concentration

Ton < Toff
G G2
offoiog i cCIC
axlogiogcl ol
o o
FF I e
FFo|lopeE
Ffo|le e
oiffo ol NoN GG
p-type junction n-type
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Power Diode

M+

[ Conductivity Modulation

 Drift Region

L Present in almost all Power Semiconductor Devices
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Types Power Diode

1 General purpose
(d Fast Recovery

O Schottky

CDAC-Thiruvananthapuram

+ M
M

CDAC- All Rights Reserved

RITESTS )
cDAC



RITESTS )
cDAC

4y

Vm

4
v(t) = — cosnf,t
nm

n=1,35..
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PWM

4
o v(t) = K— cosnl,t
nm

iy

K = Voltage Modulation Index , K<1
Lowest other than fundamental 2p — 1 Harmonics
p=m/2 m = fc/f Freq :modulation ratio
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Topology

Vs

W
S1 Connected to S2 Connected to O/P Voltage

Vi
Vi
V2
V2

4 Level Inverter
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COMC
Topology

Ve

L SP_A ap B 5z
1 e &

-
V1=V3=Vdc&V2=V4=0 3
Vdc 0 Vdc
Vdc Vdc 0
0 0 0
0 Vdc -Vdc

3 Level Inverter
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T

T \ ¥ S1 \ s3
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:\ s2 \ \ S4

SPDT to SPST H — Bridge
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How is Power electronics distinct from linear electronics?

MAIN FOWER

load

here
R-C-D
SAN

or
here

b)

Typical Bipolar transistor based Switching (power) amplifier
linear (common emitter) (voltage)
amplifier stage
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How is Power electronics distinct from linear electronics?

Active zone selected: Active zone avoided :

Good linearity between input/output High losses, encountered only during
transients

Saturation & cut-off zones avoided: Saturation & cut-off (negative bias)

poor linearity zones selected: low losses

Transistor biased to operate around No concept of quiescent point

quiescent point

Common emitter, Common collector, Transistor driven directly at base -

common base modes emitter

and load either on collector or emitter

Output transistor barely protected Switching-Aid-Network (SAN) and other
protection to main transistor

Utilization of transistor rating of Utilization of transistor rating

secondary importance optimized
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CDMC
How is Power electronics distinct from linear electronics?

Ferrite core HF transfr

R Light, efficient
Series regulator -

2R2Oor

Line freq transformer: (a) :gﬂ;;lr:er__q} ::nntrr-;almn
heavy, lossy N ow losaes
A Linear regulator A switching regulator
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Device

Symbol

Structure

Power Diodes

Anode Cathode

(+) Dl ()

Silicon Controlled
Rectifier (SCR)

Anode

Gate.—-;

Cathode

Power MOSFET

Channel

(5 Drain

Insulated Gate Bipolar
Transistor (IGBT)

B
®

Emitter

FJF

Gate

)

L/D =

ﬁ

Epitaxial
drift region
N

P+

6 Collector
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Typical Power Electronic Converter

MAINS SUPPLY

FE 1 K

FB 2 TeLE
FF 1
REF 1

COHTROLLER

ISOL-- ISOLATION
FB -- FEEDBACK
FF -- FEEDFORWARD

POVWER
SUPPLY

y 3

AUX SUPPLY
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Power Converter Topologies

Conversion Name Function Symbol
FROM/TO
DCto DC Chopper Constant to variable DC or
variable to constant DC -
DCto AC Inverter DC to AC of desired voltage
and -
frequency ~
AC to DC Rectifier AC to unipolar (DC) current
ACto AC Cycloconverter, AC of desired frequency
AC-PAC, and/or
Matrix magnitude from generally line
converter AC
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D—DC Converters

Non-Isolated

Step-down (Buck)

V, = DV,
D = Duty ratio
= Ton/T

<
A
-/

Step-up (Boost)

Vo_ 1 Supply
V. 1-D
Inverting (Buck-Boost)
CDNTR-OFTUNFF C
Lr::l ( _D ) (Oscillator,
_— = _ PWM & Control)
Vi 1-D
o,
4 vV
Cuk | <—
V, -D L
v, 1-D ' > '/
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DC-DC Converters
Isolated

Forward
_ﬁrrg
Vout =D- E : I’r;upplj-r

Power Levels (Typical):100W

Push—pull
l?\rs
Vout = D - E ) T"r;upply.z
Power Levels (Typical):150W

Half bridge

-N-S
E ) T"r;uppl:,.r 2

Power Levels (Typical):200W

I,r;ut:D_

Full bridge

l?\rs
E ) T"r;uppl:,.r . 2

Power Levels (Typical): ~200W

I’r;ut:D'
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DC-AC Converters(Inverter)

Single Phase Inverter
& @ +—Load

AY |
71
| =
%)
M

Three Phase Inverter |

CDAC-Thiruvananthapuram CDAC- All Rights Reserved



RITESTS )

COMC

Half-wave Voo Voeak v - N o v
rectificati | ™S 9
R
on t | t
. 9

L_rd — Lﬂ;:re&]{
© T
D4
U U
Full-wave | V., = Vpea
rectificati V2 l R
on 2V,
Vdc = Hav = ﬂ : t
m D,

U
Full- V2 l - ‘ 204
bridge %cz%zwﬂ t f
T

CDAC-Thiruvananthapuram CDAC- All Rights Reserved




What, Why, How Power Electronics?

AC-AC Converters

RITESTS )
cDAC

Cycloconverter

V51 V52 VSs3 Y VST VS8 VSs9
K &K X W W W

7K K XK 7 W ¥

V54 VS5 VS6 VS10 VS11 vs12

Matrix Converter

Matrix con
Va L I & sediaaann
3 — e, e,
L
,\j Vi [——] Iy :
— :
L i
N Ll (] o Ie: ¢
T— : <
3-phase suppl EE . W S,
I I I
i@ - T Load
Filter :

Output waveform

Average voltuze
per pulse (half-cycle of v )
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SW|tch Drivers

ST Drain

LOAD { Powor MOSFET

LOGIC 1 = 0N DIODE .
LOGIC 0= OFF y N RELAY
CONTROL CONTACT |

L cG|3| 1
EELAY Caontroller : —e t
10K COIL Input -
:; Cgs il
MNPH CH {
Ly
GHND = Source
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PWM

PWM SCHEMEL

msdnlating
sl pmal

N/
MV

Carrer

o ol gl o o ok il T
Pulse Width
Modelatiom

CDAC-Thiruvananthapuram CDAC- All Rights Reserved



¥ Smart Grid g@?’fg

Applications of Power Electronics Circuits

DC-DC
DC Voltage Regulators, DC Power supply, Battery Charger, SMPS, DC Drives

DC-AC

Solar Inverters, Fuel Cell Inverter, AC Drives

AC-DC
SMPS, DC Power supply, Battery Charger, DC Drives

AC-AC

Wind Electric Generators, AC Drives
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RITESTS )

COfMC
Smart Grid
u
w Nuclear power plant s
Factories . . Thefmal power plant
134 hydraulic power c
generation O
=
O
P
P
3
Photovoltaic

ecological vehicle
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| 7 COMC
Smart Grid

HOW THE GRID WORKS O isomerson
distripution poles lower
voltage for use in homes.

Tt

G {ransmission
ectricity is owers carry :
0 generated. the lines. 0 Isal:::es:at‘:ftns ¢ @ -industria
VOILdS customers.
and send it to...
Q Electricity is sent ,
over high-voltage ==
transmission lines. ; : ‘
..commercial

8l aaaaanars DN/

e
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Smart Grid

S MA RT G RI D Smart appliances
A vision for the future — a network Can shut off in response to
of integrated microgrids that can frequency fluctuations.
monitor and heal itself.

Demand management

%) Use can be shifted to off-
A% peak times to save money,

Solar panels

1%, Disturbance
/" inthegrid

Processors
Execute special protection
schemes in microseconds.

Storage
Energy generated at off-
| peak times could be stored
| in batteries for later use,

Wind farm

Central power
plant

Energy from small generators
and solar panels can reduce
overall demand on the grid.

Industrial
plant
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What is Smart Grid?

An electricity supply network that uses digital communications technology to detect
and react to local changes in usage (or simply Grid+Communication+Sensors).

Electromechanical Digital

One-way communication Two-way communication
Centralized generation Distributed generation
Few sensors Sensors throughout
Manual monitoring Self monitoring

Manual restoration Self healing

Failure and blackouts Adaptive and islanding
Limited control Pervasive control

Few customer choices Many customer choices
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Smart Grid

Potential Application Areas

e Electricity Distribution
e Electricity Markets

e Renewable Energy

e Energy Storage

e Transport

e Industrial Energy
Efficiency

e Building Energy
Efficiency

CDAC-Thiruvananthapuram
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Green power
__generation

Yavs

YA
TN AN AT AT

21!
&N

To smart grid
network ?.n";?:,

Powcr (nnsmlsuon

V\
v,
-
v o (o]
z
o
=

o

, RF/ZigBee
(IEEE802.15.4)
Electric vehicle

(incorporating
€ hargeable batteries)

.-.1\ )
r transmission
S tower

Source: http://www.renesas.eu/ecology/eco_society/smart_grid/

* Smart grid system
; operation/management

' Powert % PLC L -| _
f omr[mnsm s "‘ (Power Line Communication) .. / &

www.cdac.in
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India’s Electricity Needs

gm ”‘”‘g DEMAND — 210000 Mega-Watt(appx.)
H I Am% (Central Energy Authority(CEA)— Ministry of Power)
& 60| Fe% =
i [
- =
o B . L2 PRODUCTION - 182,200 Mega-Watt(MW) o
(Mw) (W’:ﬂ e _LO)'
Copyright @ C ized Energy Sol s 0“% ;
=
=

Sources of electricity in India by Installed Capacity INSTALLED CAPACITY — 2 2 5 ) 1 3 3 Mega-Watt( MW)
ol (Central Energy Authority(CEA)— Ministry of Power)

1%
2% =

DEFICIT— 10.2%
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Smart Grid Components

Smart Meter

Phasor Measurement

Communication devices/ Information transfer
Distributed generation
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Smart Meter

* An electrical meter that records consumption of electric
energy in intervals

* Essential technical features and cost

* Bi-directional communication

* Demand Side Management

Why Smart Meter?

* Next generation of electricity metering

* Provide greater choice in energy tariffs and
services

* Real-time information
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Phasor Measurement

» A device with unique ability to sample analog voltage and
current waveforms in synchronism with a global reference
signal(eg:GPS) and compute its phasor values and
frequency information

» Communicates the time-stamped computed information to
PDC/SCADA etc. in near real-time

e 1% prototype of PMU — 1988 (Virginia Tech )
e ItPMU - 1992 (Macrodyne)

CDAC-Thiruvananthapuram CDAC- All Rights Reserved
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Communication devices/ Information transfer

* Communication modules in smart grid

e Communication protocols and standards

* Wired Communication method (Ethernet, PLCC etc.)

* Wireless Communication methods (GSM, GPRS, Wi-
Fi, RF etc.)
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Distributed generation

* Distributed generators and loads in the neighborhood can form micro grids
which can work parallel to grid or operate in islanded mode providing UPS
services

e The Microgrid can be assumed as a cluster of loads and micro sources
operating as a single controllable system that provides power to its local area

Advantages

» Standby / Backup power to improve the availability and reliability of
electric power

e Peak load shaving

» Sales of power back to utilities or other users

* Free energy input, zero operational costs (except diesel gensets),
minimal maintenance

* Power quality, such as reactive power compensation and voltage
support

e Reduction in environmental pollution

* Reduction of distribution losses in the grid.
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How Smart Grid?

* Analyze energy demand and supply
 Manage load according to supply

* Power outage and power quality monitoring
* Centralized data management system
 Remote monitoring and control of loads

e Bidirectional communication
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Smart Grid

Why Smart Grid?

* Improve efficiency of grid

* Reduce green house gases

* Automated control of distribution

* Provide infrastructure for electricity business
* Support micro generators

e Self healing

CDAC-Thiruvananthapuram CDAC- All Rights Reserved
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Grid Interactive Solar Photo-Voltaic
(GISPV) Power Plant

%+ GISPV -OVERVIEW
» System Architecture
» SPV array sizing & specifications
» Photographs

+ POWER HARDWARE

Power conditioning Unit - Single Line diagram
Topology Comparisons

Practical Hardware Scheme

Basic Interface Module (BIM)

Photographs (BIM, Hardware Panel)

Thermal management, DC/AC Filters
Specifications

YVVVVVYVYVY

4+ CONTROL HARDWARE
» Digital Controller requirements
» Block diagram — controller card

4+ CONTROL ALGORITHM

» Multi phase Interleaved DC-DC Converter, MPPT
control

» Grid side Controller
» Experimental Results
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GISPV - scheme

'.' Solar Photovoltaic
Array . :
"' Utility Grid

POWER CONDITIONING
LINILT
e

<IN

Three phase

/4
V4

Interface
Transformer

Remote Data-
logging unit

“:I“‘ Digital Controller
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System Architecture — GISPV Power Plant (25kWp)

Power conditioning
Solar Photovoltaic Array Unit

Array Side Distribution Box
(DCDB)

S

//:'
7
g

e
1

Grid Side Distribution Box (ACDB)
3 Phase, 415V, Indicator Lamps .
SO ' ; . ImportExport | | &
Switch Fuse Unit Energy Meter T
_—
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Energy efficiency-the solution

Power plant
efficiency: 33%

coal = M| = I = A)

100 units 33 units 24 units

V

1 unit saved at e==» 4.2 units saved at
end user @ the power plant

T&D loss: 27%
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Energy Challenge in India

World

China

USA

Russian federation
India

Japan

Latin America
Africa

Germany

France

UAE

CDAC-Thiruvananthapuram
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| 29,381
] 6,550; 22%
] 5,595; 19%
[]1,593; 5.4%
| India could become
18%
the SECOND largest
1,151; 3.9% emitter of GHG
_ _ emissions in the
1,068; 3.6% world at a per capita
889- 39 emission of 5 tonnes
of CO2
804; 2.7%
368; 1.3%
147, 0.5%
0 5,000 10,000 15,000 20,000 25000 30,000 35,000

Million Tonnes of CO2
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Important terminologies

PV Array

PV Module

PV Cell

Solar Insolation

Tdeal cell Practical PV

Fill factor

AL v . STC
@ ¥ Rp T\ MPPT

. Series resistance

|
+
o

Shunt resistance
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|-V and P-V Characteristics

25 T T T T T T T 30 .l .l '. ! — | _l
. 1gngwmé L] S ]UUUWI[] ; .......... ...........
i i i i 5 i N : . ' ?me i i )
N 2 p0b e T TS i
T s ?SUW-m: 2 SOGW,m
E . = G .
g : 500W/m? 3
o ; 10f- .
b
05 ESUW-rn; ; |
0 i I ! ! ! 0
) > s 6 s 10 0 2 4 B 8 10 12 14 16
Voltage (V) Voltage (V)
Characteristics of PV Module for different insolation conditions
3 : : : | : | : o ! ! ! ! o
! ! : : : 0n : ; f f ; ; C20°C
Ly SRR D R ) A SRR VSRR R -] SELLLIRRNE R b i o *-
; ’ ; . 0 ; X
R e e s bR L TR e . ) T PR R PRSP R PET SPTRTTRRRRI TR tOT SR A0V C.. I e
g | 3 i
E 15_ ______________________________________________________________________ sﬂu:c E {E e Tiavanniiiine beae : 3 Emcé i e
5 ; 8 80°C
0 1_ llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll : llllllllllllllllllll 10- ----------------------------------------------------------------------------------------------
) R R o B oy ] i L S R SRR 8 8 Wl b
0 | | | | | | |
0 ' ' ' : 0 2 4 6 § 10 12 14 16
0 2 4 6 B ‘ Voltage (V)
Voltage (V) Characteristics of PV Module for different temperatures
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Parasitic Resistances

MPP
Current source Voltage source
Ig,Pg T T T T T T T T T T
, F P Current vs. |
PV Voltage

0.0k J

_— Masrmun Fower Point |
=y
8 0TL J
o
- J
i
Pt
g2 0.5L J
=
§ 0.3 \ i
i
b 0.3} J
Py PV Power vs. PV Voltage

- J

a1k

1 1 1 1 1 1 1 1 1
a a.1 0.z 0.3 Q.4 0.5 0.6 Q.7 0.2 0.9 1 Vg

PV Voltage (p.u)
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Specifications of Solar PV Module

ELECTRICAL CHARACTERISTICS

RATED POWER 280 Wp
OPEN CIRCUIT VOLTAGE (Voc) 4450 V =Pefii G =
MAXIMUM POWER VOLTAGE (Vmp)  35.00 V
SHORT CIRCUIT CURRENT (Isc) 850 A N E Z
MAXIMUM POWER CURRENT (Imp)  8.00 A N\ 2430 Ko, T
MODULE EFFICIENCY (%) 1417 ‘I‘ g / 2
OUTPUT TOLERANCE (%) +3 3| erines Y
CELLS 72
CELL LAYOUT 126 . ﬂ 2 4
MAXIMUM SYSTEM VOLTAGE 1000 VDC \wm o Mo £ -
R4 4 Mo,

ELECTRICAL CONNECTION
JUNCTION BOX IP 65/ IP 67 ;

2 ] 5
ouur e toamm e Caoct 1
PROTECTION SCHOTTKY BYPASS DIODES 7| E

8 -~

MECHANICAL CHARACTERISTICS N I S
MODULE DIMENSIONS (mm) 1988 x 994 x 46 T 3
WEIGHT (KG, APPROX) 28 |
ABSOLUTE MAXIMUM RATINGS [FRoNT ViEw]
OPERATING TEMPERATURE -40°C to +85°C
GENERAL
FRAME ANODISED ALUMINIUM o
TEMPERATURE CO-EFFICIENTS
Qjsc Bvee YpPmp
%/°C %/'C %/"C
+0.05 -0.34 -0.45 994+ 1 Module Width
NOCT 45:2°C
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Specifications of PCU

RSS2
cDAC

Peak Power of SPV array

25kWp

Nominal power

30 kW

Voc Solar PV Array

400.5V

VMPP

315V

Grid Voltage

415V + 10% , 3¢ AC

Grid Frequency

50Hz £0.5 %

Power factor

> (0.95

I THD

< 5% at full load as stipulated by
[EEE 1547-2003

Efficiency

97 %

Converter

IPM based voltage source inverter

User Interface

Android Tablet GUI, Remote data access
through Internet

Protections

Over voltage, over current, temperature at
source and load side, Anti islanding

CDAC-Thiruvananthapuram
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SPV Power Plant — Photographs
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Outline

%+ GISPV -OVERVIEW
» System Architecture
» SPV array sizing & specifications
» Photographs

+ POWER HARDWARE

Power conditioning Unit - Single Line diagram
Topology Comparisons

Practical Hardware Scheme

Basic Interface Module (BIM)

Photographs (BIM)

Thermal management, DC/AC Filters
Specifications

YVVVYVYVYVY

%+ CONTROL HARDWARE
» Digital Controller requirements
» Block diagram — controller card

%+ CONTROL ALGORITHM

» Multi phase Interleaved DC-DC Converter, MPPT
control

» Grid side Controller
» Experimental Results
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Single line diagram of PCU
N
J
Grid

————————————————————————————————————————————————————————————————————————————————————————————

- BIM1 p—
: ACF 2 A Tr2
— BIM 2 |

: ACF 3 /\ Tr3 Yl
| - = BIM 3 g
T ; T

Digital Controller %
(DSP + FPGA) PCU PANEL
BIM — Basic Interface Module

DCF - DC filter L e e el '
ACF - AC filter
Tr 1-Tr 3 — Interface transformers

J
J

%

SOLAR PV ARRAY
(25 kKWp)
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Inverter Configurations available

Topology 1 — with Split DC Link capacitors

Topology 2 — with Four leg inverter

Topology 3 — with Three leg inverter +

coupling transformer

CDAC-Thiruvananthapuram CDAC- All Rights Reserved
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+ Lfa Lca
- (o) AW o) Wy
. a ca
%! W e W

+
—— m ’VV\' m l\/V\v
- Rfc J_ Rcc
.5 Cfa==Cfb T Cfc

Len
m M
Ren

Drawbacks

* DC Bus voltage equalization
* Zero sequence current handling
* Control complexities

* No Isolation

CDAC-Thiruvananthapuram
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Topology 2

ikl

RITESTS )

COMC

o —ww Lop—ww

T —WA Tod—WA

+ M ,\F}{f}g, T MR

-T Rfc Rcc
Lfn —-&=C_fb-|— CfcLcn

MM AN [y AV

Rfn Rcn

Drawbacks

* Higher semiconductor cost
 Control complexities

* No isolation

CDAC-Thiruvananthapuram CDAC- All Rights Reserved




Lfa

T Lfc
’ ™ Rfb
Rfc

E
%

I:} == Cfas:Cfb == Cfc

Advantages

* Low voltage power electronics module

* Limits inrush currents

* Limits DC injection current

* Leakage inductance acts as filter inductor

* Local expertise available

CDAC-Thiruvananthapuram CDAC- All Rights Reserved
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Detailed Hardware schematic diagram

———————————————— | e | 1
Mgl_s__,Contactorl : T ! , Transformer - MCB_

[N 1 Yo IR cony Reon '
EESENE T e B 0 i

1
1
1
1 7 Y 2
e VW[ Yoy Basic ST A k -

J_ 1 Interface —
, =
1
1

3

—

=]

Input CT . Output CT Load Side _ 3

Source side ¢ 00 gide Input Filter Module Output Filter Module Interface  copactor  L0ad side 3
O

@ | sPvside

.E

1 Module
! with IPMs Beown

f

AR S A

U

|

| I

From Current/Voltage
/Temperature Display/
Sensors User Interface

_________________

Auxiliary

f | Control Signal Communication
L=
: DIGITAL CONTROLLER
| (DSP+FPGA)
L
________________ L e e e e e e — - o
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N

Basic Interface Module (BIM)

e LA

COOLING FAN é

CDAC-Thiruvananthapuram

COMC
Specification
Rated power 10 kVA
DC Bus voltage 400V Max

AC Voltage 200V |-n nominal,

3 phase, 50 Hz

Switching 10 kHz
frequency

Switching devices IGBT/IPM

600V, 150A

Mitsubhisi make

Protections SC, DC O/,

Overload, over

temp.

Cooling System

Forced air cooling

CDAC- All Rights Reserved
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Multiphase Interleaved Boost converter
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DC choke Selection Criteria

CASE 1
V,, xDxT,
T Al
0 T/3 21/3 T, g
CASE 2 Phase Shifted Carriers generated using FPGA
FixL=2.5mH

Without interleaved carriers,

Total Ripple for 3 phase DC-DC converters =Al, = 11A
With interleaved carriers,

Total Ripple for 3 phase DC-DC converters =Al, = 6A

CDAC-Thiruvananthapuram CDAC- All Rights Reserved
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AC filter Selection Criteria

CASE 1

f.=yf,,f,

f.="707 Hz

CASE 2

If dB =40 dB,
C =47uf
then, f.= 1000 Hz

L = 540 uH

CDAC-Thiruvananthapuram

Magnitude (dB)

Fhase {dag)

Frequency (Hz): 998
Magnitude (dB). 22.4 T | R

20
0

-100
-120
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System: gs
Bode Diagram

System: gs Ceriiin N
.+« ... Frequency (Hz): 1e+004 © © 00000 Lo
. ... Magnitude (dB): —40 EER R R R

N

|
b
o

|
w
=

-135

D11 D I BT B o S SRR S S g T

; M T
B AL L L A L L

L T R R A I
==F-T"Fr111H

10° 10" 10 10° 10"
Freguency (Hz)
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%+ GISPV -OVERVIEW
» System Architecture
» SPV array sizing & specifications
» Photographs

+ POWER HARDWARE

Power conditioning Unit - Single Line diagram
Topology Comparisons

Practical Hardware Scheme

Basic Interface Module (BIM)

Photographs (BIM)

Thermal management, DC/AC Filters
Specifications

YVVVYVVYVY

%+ CONTROL HARDWARE
» Digital Controller requirements
» Block diagram — controller card

%+ CONTROL ALGORITHM

»  Multi phase Interleaved DC-DC Converter, MPPT
control

» Grid side Controller
» Experimental Results
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Functional Requirements of Digital controller

DSPs
» Reads various voltage, current signals
» Source-side converter control with maximum power point tracking in
the case of solar and wind power conversion
» Battery management
» Communication of critical parameters to/from the central Controller
for coordinated operation
Converter / System level protections
Supervisory Control
Remote monitoring and control

YV V

FPGA
» Shifted carrier generation for both source side and Grid side converters
» Generation of PWM Signals(36 Nos)

CDAC-Thiruvananthapuram CDAC- All Rights Reserved
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Digital controller Block diagram

I/O Interface PWM Interface(6X6) PWM Interface(2X6)

Control Signals Control Signals

DSP 1 A/D bus DSP 2 A/D bus

= 2

= .

e g DSP 1 High speed link for communication DSP 2
= TMS 320 F2812 TMS 320 F2812 S
= =

0/1

Bipolar,

0B LIdU]

Simultaneous Sampling ADCs/
Interfacing circuits

Display/User Interface Power Supplies

CDAC-Thiruvananthapuram CDAC- All Rights Reserved
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: CDAC
Digital controller - Photograph
External PWM
Interface
(36 tPWMS) Y : T Input Ports
External ADC
Interface

(32 Channels)

Power Supply

Output Port

Internal ADC
Interface
(16 Channels)

Internal PWMs
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Auxiliary circuits- Photograph

PWM Interface Circuit

Current sensor PCB

Power supply : )
Gate Driver Interface PCB

CDAC-Thiruvananthapuram CDAC- All Rights Reserved
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GISPV -OVERVIEW
» System Architecture
» SPV array sizing & specifications
» Photographs

POWER HARDWARE

» Power conditioning Unit - Single Line diagram
» Topology Comparisons
» Practical Hardware Scheme
» Basic Interface Module (BIM)
» Photographs (BIM)
» Thermal management, DC/AC Filters
» Specifications
CONTROL HARDWARE

» Digital Controller requirements
» Block diagram — controller card

CONTROL ALGORITHM

» Multi phase Interleaved DC-DC Converter, MPPT
control

» Grid side Controller
» Experimental Results
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Solar PV System(Boost mode)

Interface
S5t
Transformer
T i >
anllike : g
36! |
TIT: —>-
Output LC Filter
Inner Current Control Loop Micro-Grid
P2
—_—
PWM kN0
GENERATION
d3 P6
DSP FPGA .
PDCPM - Predictive Digital Current
Program Mode
MPPT - Maximum Power Point
Tracking
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Why MPPT ?

+ V=A
PV

module v P! A

(-

r

Fig 1
Fixed
1000 W/m2 resistance load
m
Operating
s
800 W/m? points.,

PV |—V Resistor
# -V curve MPP
SRy
i
E | Slope = — v '
T ' m 1
£ L < PRm="7" 1\
5 = - mo ,ﬂ:——""
U _'_'____-o-""f :
i - :
ﬁ,,ff”’!f! Increasing R i
VOLTAGE Vim
Fig 3
At R, Maximum Power =V_.I |

_— Maximum power point trajectory

E " d
=z \
W | 600 W/m? Y
5 C
© 1 400 Wim?
b
200 Wim?
a
VOLTAGE
Fig 2
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MPPT- Principle of operation

MPPT
—»| ALGORITHM
LV
Measurement
Duty Cycle Control
v]‘ II
L S 'T' ,-
WVodda 1 rJ|Tw
S Rpy Ri, DC-DC Converter
Module (Buck/Boost/Buck-
boost)
R;, ~ Input side Impedance/Reflected R; R
- For Buck : R. = L
R; ~ Load Impedance n d2
Rpy “Impedance of Solar PV
module For Boost: |R. =R, (1-d)’
n L
For maximum power transfer 1—d\
Rpy - Ry, For Buck-Boost : Rin = RL [7)
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Conventional MPPT Techniques

» Perturb & Observe(P&O)/Hill climbing Method
» Incremental Conductance(IC) Method

» Constant Voltage Method(CV) Method

Advanced MPPT Techniques

» Artificial Intelligence techniques(Fuzzy logic, Neural

networks, genetic algorithms)

» Multi-dimensional MPPT /Particle swarm Optimization

(PSO) Method

CDAC-Thiruvananthapuram CDAC- All Rights Reserved
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MPPT-Perturb & Observe method

Advantages begin
» Simple structure & easy to implement 1’1"VI’M

AUIFEILY
» Generally used for wide range of applications

|

P(k) = V(k)I(k)
no ) yes
P(k) > P(k-1)
no yes yes - no
{V{M > Vik=1)H (k) > V(k- 1;1
Irrnarf = 1lj,rvaf + Ay Ifz.ef = me - Ay
W Y
Viet = Vier — Ay Vet = Vies + Ay
e - operating voltage \ r
Ca 5 1 15 = .
M Ah=k+1¢
zo to begin
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Voltage Controller

V

pv Ipv
1 ,
Vet e | ?
Volt -
MPPT oltage C Current =2 DC-DC
Controller Controller .di, Converter

Simple closed Loop system

e[n] = Vref[n] B va[n]

Voltage Control Law

|.[n] =1 .[n-1]+k,e[n] + k,e[n—-1]

CDAC-Thiruvananthapuram CDAC- All Rights Reserved
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Current Controller

A D S
L i ‘ V\J
Ai | : I ' :
T i i i E Ai(n+1)
L Pt
(n-1)T, : : nT, i : (f:r'l)f
«— dI —> < dn+l‘T54>‘
«— T >4 I, ——>
Inductor current with perturbation
Current Control Law
L n-1
iy = (I [n]-1 [n- 1])"'1_ Vil :
Vdc [n _1]Ts Vdc [n 1]

CDAC-Thiruvananthapuram CDAC- All Rights Reserved
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Phase shifted carrier generation

Sommmgm LT Carriers for
dc-dc converters

Triangular Carrier for
_________ » Grid side inverters without
interleaving
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PWM wave form generation
1

time

Sampling Instants for Peak Current Measurement
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Test Waveforms for DC-DC Converter

Tek Al ® Stop M Pos: -1400s  MEASURE M Pos: 0,000s

CH3
= v

|:","l: RMS
14147
CH4 Off
2 Cyc RMS
¥ M 500,08 CHI%1.004  CH2+1.004 M 2500 CH2 7 -340A
19-May-1411:07  71.4223kHz
Test condition Test condition
Vdcin: 290 V Vdcin: 340V
Vdclink : 400 V Pin: 3049.5 W
Pin: 9.78 kW lin: 9.5 A
lin : 33.67 A Vdclink : 400 V
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Utility
Grid

PWM
Inverter

R+ L

dImvd
" —oL. Iqu ng

dl
V. =RI. +L—m LI

inv(q) invq d t invd

Vinv(d) =1

invd
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Controller Implementation Block Diagram

|

1nvq
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Protections

»Input Over current protection

»DC bus protection

» Grid over current protection

» Grid over / under voltage protection

» Anti-islanding during grid failures(IEEE 929:2000)

» Over temperature protection

CDAC-Thiruvananthapuram CDAC- All Rights Reserved



Important Standards

List of PV Inverter Standards/Regulations

Reference No.

Photovoltaic systems — Power conditioners — Procedure for measuring efficiency

IEC 61683:1999

Semiconductor convertors - General requirements and line commutated
convertors - Part 1-1: Specifications of basic requirements

IEC 60146-1-1:1991

Low Voltage Ride Thorugh(LVRT) Tests IEC 61400-21
Balance-of-system components for phot.ovoltalc systems — Design qualification IEC 620932005
natural environments
Test procedure of islanding prevention measures for utility-interconnected IEC 62116:2008
photovoltaic inverters modified
IEEE 1574 ,
Photovoltaic(PV Systems)-Characteristics of the utility interface IEC 61727(2004-
12)Ed.2.0
Electrical installations of buildings-Part 7: Reguirements for special installations
or locations-section 712:Photovoltaic power supply systems IEC 60364-7-712
Photovoltaic system performance monitoring - Guidelines for measurement, IEC 51724:1998

data exchange and analysis

Overvoltage protection for photovoltaic (PV) power generating systems - Guide

IEC 61173:1982

Safety of power converters for use in photovoltaic power systems — Part 1:
General requirements

IEC 62109-1:2010

Safety of power converters for use in photovoltaic power systems — Part 2

Particular requirements for inverters IEC 62109-2:2011
) - ) ) ) IEC 62305-3:2010-
Protection against lightning - Part 3: (Physical damage to structures and life hazard - 12 Edition 2.0
Supplement 5: Lightning and overvoltage protection for photovoltaic power supply systems) )
Solar photovoltaic energy systems - Terms, definitions and symbols IEC/TS 61836:2007
Grid connected photovoltaic systems - Minimum requirements for system IEC 624462009

documentation, commissioning tests and inspection

CDAC-Thiruvananthapuram
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Test Results

Delivers about 70 units per day on sunny days

Tek (LR 25ks /s

—40omy

15 At 5 selected:
Ch2 Fundamental
Tek [ILE Soks /s 16 Arqs =1 0.000 vpC
THR-F = GE.E5*% RME =2E6.5O A . : [ : : i . :
Fundamental
“eFund = 100.0 % Freq = 49.5 Hz
hREME = 26.46 A Phase= o*

—_—— B e e : : : :

2 3 4 5 6 7 8 89 10 11 T R
Ch1 2v B[N 104 EByM™ 10ms ¢h1 . -40my chi 2V by 204 ByM 5ms Chi.s
Math 200 W

THD(l) Vg Versus g
Tek e ® Stop M Pos: 2.500ms MEASURE
v
IHD
lg_inv =5.03%
l-inv =4.31%
lg-inv =5.54%

CDAC-Thiruvananthapuram

M 5.00ms
2-Aug-14 18:02

CH3 10,04 CH4 10,04

Inverter current Y side
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Photographs — installed at Technopark, Trivandrum

CDAC-Thiruvananthapuram CDAC- All Rights Reserved
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Photographs — installed at NEHU

CDAC-Thiruvananthapuram
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Photographs — installed at WBREDA
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On going activity

Development of 1MW grid connected PV power plant at Jamuria, a 2MW power plant
which is the first MW level power plant in India (August 2009)

Solar Photovoltaic Array

Parallel Power —
Converters

Interface
DC Bus Filter Switchgear Transformer

=1 | e s T e €5 G [N 7y ST

Photovoltaic Inverter

Parallel Power
Converters S ceeooloolo

R ¥ B N
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Specifications of MW Power Plant

Specification of Solar PV array

Rated Peak power per set 1250 kW x 2
Array Tilt Angle 200

Bus Voltage 670 — 800 V
Module Rating 240 /225 W

Specification of Power Conditioning Unit

Nominal Power 1 MW (4* 250W)

Grid Voltage 415+10%,3 @

Grid frequency 50Hz+0.5%

Power factor > 0.95 above 10% of installed capacity

| < 5%, at full load as stipulated by IEEE 1547 — 2003
Efficiency 97 %

Converter IGBT based voltage source Inverter

CDAC-Thiruvananthapuram CDAC- All Rights Reserved
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Photographs - 2 MW Power Plant
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Future Scope

* Mode transition control strategies

* Single chip solution(FPGA)

* Improve power density

* Standardization & Commercialization

* Advanced communication infrastructure

CDAC-Thiruvananthapuram CDAC- All Rights Reserved



¥ Remote Monitoring and Control CTOAC
Remote Monitoring and Control of Renewable Energy Source
Power Plants

The major objectives of the development:

Development of reliable and cost effective solution for remote monitoring and control
of Renewable Energy Source Power Conditioning Units

 Remote monitoring is an essential feature of Distributed Power Generating

Station
* Tablet replaces Graphical LCD, Matrix keypad and wireless internet modem

* Cheap and easily upgradable

CDAC-Thiruvananthapuram CDAC- All Rights Reserved
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Remote Monitoring and Control of Renewable Energy Source

Power Plants

Android e
Tablet B
as display :

§ Bluetooth link

M — 0| |

' HMI
Q Communication
8> PCB
Serial Link

Oowsn "' =

Solar Power Conditioning
Unit
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Remote Monitoring and Control of Renewable Energy Source
Power Plants

» Demands an android tablet running Android OS 3.1 or latter having
v' Bluetooth interface
v' Internet connectivity

» DSP-FPGA based controller card in the PCU with having UART interface

» Communication between Tablet and PCU through
Bluetooth PCB

» On-line monitoring of System parameters

» Same android tablet can be used as local HMI — better graphical visibility to an
operator

CDAC-Thiruvananthapuram CDAC- All Rights Reserved
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Software Environment

A\

Android application development :- Free downloadable Android Development
Tool (ADT)

Eclipse based IDE

Java is used for application development

Code development in PCU — Embedded C

Server posting method is used for web-enabling the system

Communication between android tablet and web server is by PHP file in the
web server

Javascript and html coding used for web updation

YVVVYYVY

A\
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Technical Features

> Android Tablet

* Decipher PCU parameters

e Act as local Ul as well as wireless modem

* Furnish Bluetooth, USB, SD card and wireless networking

* Can be used as a local storage infrastructure for logging of important events
and data for post analysis

> Webserver

e Store online Ul

* Offer duplex communication with PCU and remote monitoring & control
device

* Log measured parameter and system status with time

CDAC-Thiruvananthapuram CDAC- All Rights Reserved
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¥ Remote Monitoring and Control
COMC

Technical Features

> User Interface Controller Board
* Inbuilt communication interface such as UART, USB and Bluetooth
* Facilitates Bi- directional data exchange between PCU and Tablet

» Remote Monitoring & Control Device
 Networked PC, Laptop or Mobile phone

“Authorized user can remotely switch ON/OFF the system”

CDAC-Thiruvananthapuram CDAC- All Rights Reserved
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User Interface Screen

Local Ul in Android Tablet Remote Ul as a Web page

(www.greenpowerlab.in)

G R

©
-3
(5]
-
3
1l

Green Power Lab

CDAC Green Power Lab

www.cdac.in
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Comparison between conventional & Proposed
solutions for Remote monitoring and control

Conventional Online Monitoring | Proposed Android Tablet based Online
Parameters o .
System monitoring System

Communication Can be achieved through Rabbit  Serial to Bluetooth converter module(HC-
€= R3S core processor (RCM3000) cost © 04/HC-05/HC-06) cost ™ 600
PCU and Ethernet [g:joeo]

S EH a8 Requires internet modem with The Existing webserver inbuilt with Public IP
internet public IP address approximate can be utilized thereby avoiding the use of
connection cost ~ 6,000 per annum internet modem

Other Renewal of Public IP every year Since server posting method is used with
EIGELEN 53 and each system need unique IP,  unique login gateway /unique domain name,
so this cost will get multiplied Cost won’t change irrespective of number of
while number of system increases system

CDAC-Thiruvananthapuram CDAC- All Rights Reserved
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Comparison between conventional & Proposed
solutions for local HMI

Conventional Proposed Android based system
Item Resources
GLCD System

Graphical LCD 128x64 Cheap android tablet cost ~ "~ 6,500
Display device (CFA6320240CX YMI-T)

cost™ " 6,200
Keypad i 1:\(/)\/(;?;/ Keypad(GS160201) cost Utilizing tablet’s touch pad

www.cdac.in

*  For the conventional system, the total cost is evaluated as 25,200(Approx.)
whereas the proposed android based monitoring system is only “7,300(Approx.).
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Scope of the Work

Grid integration of large RES power plants can be triggered by
on-line monitoring & control of RES PCUs

As higher capacity RES plants are being installed, complete shut
down of RES power plants in case of grid failure can be avoided

Can be integrated as a part of Wide Area Monitoring in Smart
Grid technology
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Photo of Installed system
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