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TECHNICAL PRESENTATION







S
THE
COMMON
PROBLEMS

The non-linear nature of modern electric loads, Power
electronics line inverters, dc converters, soft starters etc.,
are used for motor control and soft starting, but they
“Pollute” the electrical installations with harmonics.

The incompatibilit?/ between electrical
0

Low_vol_tage and current motors and mechanical load demands that motors
quality is very common to all supply.
electrical installations
worldwide due to:
The system-wide reactive currents that inductive
loads (motors) should be stupplied with in order to
operate.

Cyseman Group s



pollution

The negative impact

DC ...that negatively impact
Converters facility performance
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.electrical pollution...

Soft e Unplanned shutdowns

starters e Premature failure and wear of electrical
equipment and safety hazards

e Higher maintenance costs

e Reduced efficiency in electrical motors,
transformers, and other electrical
components

e Reduced capacity of electrical installation

e Increased energy consumption and
increase in power deman

" i _ g E m dn Grou E} 4
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Electrical
pOI I Utl 0 n e Reduced efficiency (7-10%) of e Thermal losses in cables can

_?_Iﬁctrica}l loads oreaking t be up to 0.5 — 1.5% of total

- - =1: ¢ | hermal I0SSesS, breaking torque pOWer (skin effect, proximity effect)
IMpPalrs faC|I|ty e Premature wear and failure e Eddy currents in adjacent
performa nce | » \Voltage drops and surges metallic structures

. Rle_%lé/ced fefﬁciency e Faulty activation of power switches
(1-2%) o | e Grounding issues
transformers e Resonances and failure » Safety hazards

e Copper losses In existing capacitor e Reduced electrical grid usage

e Iron losses banks capacity

Seman Groun // Refer to IEEE 519 Recommended Practices and Reqguirements for
) otliidll Group s Harmonic Control in Electrical Power Systems
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installations & cost

| Premature

) wear of the

Th electrical

e | Increased eqmﬂmﬁnt and
electromagnetic igher
p I‘O b I e m field losses within maintenance
distributions lines

of low voltage

and
current quality,
finally leads to: [EAhat i Additional =<{7tina coractor

electrical motors banks suffer
and power energy resonances

transformers consumption
efficiency A [kWh]

Unreasonable

activations of
Reduced usage ?S::.ter:,! thermal or
capabilities of increase thermo-
electrical magnetic
installations and switches

distributions lines

C) seman Group ¢
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S
Measurements
and Recordings

Real time measurements and recordings involve:

e Power transformers

e Low and medium voltage general panels
e Various distributions sub-panels

e Inverters, large motors and soft starters

Measurements concern:

Basic electric values, current and voltage harmonics
up to the 35th order, and transient phenomena

MANAGEMENT



\ solution .-.....-

seman Group
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’ COMPLETELY
ADDRESS
POWER
QUALITY

aCross
the entire facility

SEMAN project technical objectives:

e Stable voltage levels (e.g. 400V) throughout
e Power Factor = 0.98 — 1 next to all the loads
e Harmonic currents and voltages eliminated
e Cut all interactions between the loads for all
harmonic's resonance scenarios
Transform useless energy of harmonics to
reactive energy at the electric loads
Reduce apparent power by 15% — 35%
throughout the electrical installation
Increase efficiency of motors by 5% — 9%
Increase efficiency of transformers by 1% — 2%
Protection of existing capacitor banks

Place each SEMAN intervention
close to the final electric load
in parallel

G = custom SEMAN intervention

Efficiency Cad s vald a,
98% ~vrn A YN
Before: 96% PF= 0’98- i
/ /
/ / / / /
6 S —
AANL @ AAN @ \ANNAY C
Y Y Y Y Y Y
PROTECTION OF
EXISTING CAPACITOR
BANKS
S/ / / /
S
S
Efficiency @ in in in
86% v v v G
Before: 81%
PF=0,98-1 V= 400V THD-I= 5% PF=0,98-1

Before: PF=0,60

Before: PF=0,76 Before: V= 385V

Before: THD-I=35%
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°THE SEMAN GROUP

Cut harmonics interactions

» gonl\‘l::g:lional » Fiter » SEMAN
(cultgr!g) harmonics = - Gl‘Oup approaCh

(cutting all harmonics

from point sources) . .
interactions and resonances)

o Cut
harmonics e Cut harmonics
on!y from interactions with
noint sources electric loads

e Limited e Nearly total
Narmonics i harmonics
reduction elimination

e No power e Significant power
reduction reduction

Filter

(~ seman Group 1
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S
CONSTRUCTION
AND
INSTALLATION
OF THE
PROJECT

Construction of unigue SEMAN Group’s scientific staff installs all
interventions by using energy saving interventions without
customised materials from affecting the existent plant operation

recognised international conditions or impeding the production
companies Process




customised R ||
Interventions .
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Hybrid System, Active and
Passive Harmonic filters built in
the same enclosures

Active Harmonic Filter,
mitigates current and voltage
harmonics

Passive Harmonic Filter, mitigates
reactive power and current harmonics
(lower levels of harmonics)
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SEMAN customised interventions



DESIGNED FOR
EXTREME
OPERATING
ENVIRONMENTS

Dust exposure

Water exposure
Explosive gas hazards
Tight spaces

Factory conditions
Meet all applicable

UL, CSA, EN standards

(~ seman Group 13
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) The problem of low voltage
and current quality

2
=
=
o,
o
o
©

Typical Measurement Results

T 20.0Aa » S.00m=H + SO0V 3> S.00m=
B A A A A T AR R

s 2 : MRNLURL V

..........................................

*CONHTR

GLITCH CURSOR
DETECT READING

0 TC

1 3 5 K g 11 13 15 17 19 21 23 25

(> seman group 1
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~J Proximity Effects

appendix

Thermal losses increase due to proximity
effects between cables and conductors

Propagated
Electromagnetic
Waves

Typical losses due to proximity effect
of an electrical installation as a
percentage of the total power demand
may vary from:

0.5% to 1.5%




~ skin Effect

Thermal losses increase due to

the skin effect problem For alternating current, the current density decreases exponentially from the surface
towards the inside.
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Typical losses due to skin effect of an
electrical installation as a percentage of
the total power demand may vary from:

0.5% to 1%

(= Seman Group 13
.:::___‘_.._;.: SCIENTIFIC ENERGY MANAGEMENT




CJ Eddy Currents

Thermal losses increase due to the increase
in eddy currents, which are inducted to

neighbouring metallic equipment
(i.e. Cable Tray)
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Primary magnetic field

Alternating current | —

Typical losses due to eddy current
effect of an electrical installation as a

percentage of the total power demand
may vary from:

0.5% to 1.5%
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~) Breaki ng Torque and
Vibration due to the influence

of harmonics

Breaking torgue occurrence (torque that work as a
brake) in motors all-around the electrical installation, that
leads to an efficiency reduction

appendix

Motor Rotation due to
Fundamental
Current

Motor Rotation due to
Harmonic Currents
(ubnormal condition)

r;;ff:-" ’ v = . - S P ) R
WS Séiman Group ;o
) ‘ SCIENTIFIC ENERGY MANAGEMENT

Typical drops in motor efficiency due to
harmonic braking torque range from:

5% to 8%



~) Transformer Losses due to
the influence of harmonics

Overload of power transformers and increase of copper
and iron losses that lead to low efficiency
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Primary Secondary
winding winding
~ : . -
- m:E:Mm:ﬂm:\
(7 N
g T
C | P | | a1 g
q D ODig1 Do o = Typical losses due to transformer
C g Y Y . 5 losses as a percentage of the total
C g = > power demand may vary from:
c —D | Leakage o = |
pu P S— =)
S ol S 1% to 2%
\_ _ _ - — —/
\. J
\. y,
N i Pot
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CJ Eliminate harmonics

Improve power factor,
reduce apparent current
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Reducing

e t
s | harmonics:

| '
o, Harmonics
,,,,, i I

,,,,, Power | eImproves power factor (PF)
-~ : [
L : |

q’ (k Va | kVIﬁr *Reduces apparent power (kva)
i eImproves power availability
_ I (aka power reserve)

Q Reactive :
I
" Power |
I
:
|
v

PF = cos(8) This power factor only considers reactive current

PF = cos(8’) This power factor is the total power factor including both harmonics and reactive current
S = sgrt(P + Qr) This apparent power only considers reactive current

S’ = sgrt(P + (Qr + Qh)) Total apparent power includes both harmonics power and reactive power

C) seman Group 2
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C) Customised Energy

Saving Interventions
Examples
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MERUS 'POWER
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Customised interventions banks and reactors designed for groups of smaller electric loads
Dynamic filter behaviour based on operating conditions (i.e. combinations of loads)

(S seman Group
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) Customised Energy
Saving Interventions
Examples
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LINE CURRENT LINE CURRENT WITH HARMONICS

LOW VOLTAGE
DISTRIBUTION LINE

CURRENT
TRANSFORMER

COMPENSATORY
CURRENT

ACTIVE
HARMONIC FILTER

INVERTER

Dk - Yurthal - Zihagls Tid vazn,éuw Poseing Uz Andtsy Ufes - HIM

LOAD CURRENT

FILTER CURRENT -

LINE CURRENT

Plingl2
e

1y
FEe/C1)
163 e

Fi

Fi..

FL .. Poen

Schematic description of an active harmonic filter and its basic principle of operation

(S seman Group »4
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) customised E nergy
Saving Interventions

appendix

Examples
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Example of reducing the Total Current Harmonics Distortion (THD-I %)
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~) Customised Energy
Saving Interventions
Examples

appendix

} Active harmonic filter } Advanced electronics and
embedded software dynamically
adapt the filter behaviour based on
operating conditions



Customised Energy
Saving Interventions
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Examples
—® FUSES
LEEDANCE WITH DETUNED ?’fl‘:*"f—i *‘“”"95‘3'5/5 MPEDANCE WITHOUT
\ \ \ A 30 COMPENSATION CAPACITORS REACTIVE COLPENSATON
il CAPACITORS
SWITCH \
? SERES REACTOR
....... —
— _—
CAPACTORS
RESONANT FREQUENCY OF THE
/ /rum
l‘l o
- > - > = ] o
“
FUNDARENTAL FREQUENCY OF 1aaxmun MARUONIC CURRENTS SPECTRUN f ( H Z)

Schematic display of a detuned harmonic filter
and its basic principle of operation
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C) Customised Energy

Saving Interventions
Examples
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g 188

5th 7th  11th
kvar: 200 300 100

ELECTRIC POWER GRID
IMPEDANCE (02) - FREQUENCY (Hz) GRAPH

IMPEDANCE (1)

—

—l

0 250 o

sth 7 FREQUENCY (Hz) =

Schematic description of a tuned harmonic
filter and its basic principle of operation

)

(~ seman Group s

SCIENTIFIC ENERGY MANAGEMENT



~) Customised Ene rgy
Saving Interventions
Examples
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Detuned harmonic filter with
very high-speed variability
for fast changing load
conditions

Monitors and adjusts
behavior every millisecond
with advanced power
electronics

1.5MW motor at 690V

Decreases vibrations in
motor operation,
significantly improving
production quality

VY V¢ V¥

(~ seman Group
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Low voltage detuned harmonic filter

480V circuit tuned to collect 5th and
/th order harmonics and convert to
reactive power

Medium voltage detuned
harmonic filter

6.6kV circuit for a 500kW
electric load




