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INTRODUCTION

Since the turn of the 20th/XXI century, including mainly in recent
years, the operating conditions of the distribution network have
changed significantly. Most modern loads draw constant power. In
this case, the current of the load increases when the voltage
decreases, compounding the voltage change problem. Also
contributing to these changes is the large-scale introduction of
distributed generation with a large share of renewable energy
sources (RES), and the increasing number of applications of fast-
change loads, such as fast chargers for electric vehicles. Under these
conditions, the efficiency of using inertial (traditional) energy
reserves is limited. The outcome is problems in maintaining the
required quality of electric energy (EE) supply.



IR " e senera] sense also used

by the Council of European
Energy Regulators (CEER),
Continuity of supply Power quality quality of EE delivery includes
Voltage quality the following areas:

_  Commercial quality, inter-
requency
preted as the quality of the

=)
::> relationship between the EE
—
=

Commercial quality

_ supplier and the customer,
m « Continuity of supply related

to power outages and other

similar indices, including those determined on an individual basis,

* Voltage quality defined by numerical parameters evaluating a specific
aspect of the difference between actual and reference (sinusoidal),
waveforms under rated load current conditions.



Influence of Load on the Power Quality — Example 1
Voltage sags caused by a starting an squirrel cage induction motor

simple power-distribution
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Influence of Load on the Power Quality — Example 1
Light and Heavy Load Influence

Typical voltage profile
along a supply line with
and without an additional
transformer
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Examples of sources of grid voltage fluctuations
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Mitigation methods used to improve voltage quality can be generally
divided into 2 groups: a) organizational, b) technological (investment).
The first group includes, for example: optimal distribution of loads in
the grid; respect for standards, industry regulations and installation
rules; even loading of 3 phases with 1-phase installations; coordination
of the operating cycles of equipment connected to the grid, etc. This
group has the lowest costs, but the applied steps are often insufficient.
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Key features of the main voltage improvement technologies

“ ) i

Adjustment

U, P~ £10-20%
range

0,1- 5s per step of
gtzpa’mic taps, (dependent on
y the type of OLTC)

Additional
functions

Relative 99%

efficiency
40 years (service

type)

Protection
requirement

Status of
technology

Yes

Commercial status

(power delivered)

depending on OLTC

Grid with moderate
=1 )s)[Te=140s1; 15 voltage fluctuations

Sn nn§$————--

o—CD— --

D-STATCOM, DVR:

Q ~ +40+75% ;

U ~ £10+50%;

UPQC: U, P, Q ~ +£20%

Infinitely adjustable,
very fast

-Symmetrization;
-Active compensation;
-Power surge mitigation;

D-STATCOM, ~98%,
DVR: ~98%, UPQC:
~96% (converter
power)

10 years

Yes

Commercial status

Modernization under the
requirement of high
dynamics

Sn A DG DG

Q‘ ,
U
Q ~ £30+40% ;

U~ +£0,3%;
for a single inverter

Infinitely adjustable, very
fast

98%
(converter power)

10 years

Yes

Commercial status

Local control (usually in
connection with VRDT)

bcl|d Acl o

U, P, Q ~ £100%

Infinitely adjustable, very fast

-DC power supply
-Symmetrization,
-Active compensation
-Power surge mitigation

~94--95%

(power delivered)

10 years

Practically as with
conventional grids

Laboratory prototype

Supply of DC and hybrid DC-
AC grids

| __VRTD CPD (APC) | V-VCD_ | DSST

DC pc /e
-I- nn Sn
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U, P, Q ~ £10+20%

Infinitely adjustable, very fast

- Power supply pGrid DC
- Active compensation
- Start-up mitigation

~98,6%
(power delivered)

Transformer: 40 years,
Converter: 10 years

IEC 60076 standard in
combination with low
redundancy
Demonstration prototype

Future local grids: residential,
industrial, railroad, etc.



DIFFERENT APPROACHES TO DESIGN OF THE PET
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Principle of operation of 3-stage PET with DAB DC-DC converter
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Typical modular 3-phase PET with 1-phase DAB converters
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Smart PET funcionality
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Experimental model of a 5-terminal 1.5MW (4xAC, 1xDC) power
distribution substation using a 3-stage 3-terminal PET with
NPC-type DAB converter

Converter B2B NPC-type 3-terminal Inverter

Active rectifier 2 x 4L DC DAB converter ' NPC-type
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Advantages and Disadvantages of PET

(generally expected)
Advantages
» Size/Weight Reduction (Higher Conventional (V~10.0 m®)
operating frequency reduces
transformer size/weight) 7?7 Integrated
« Power Control (Nonactive power (V=3.5m’)

compensation: var, unbalance &
harmonic active compensation; active
power flow control)

e UPS Operation (Linked to energy

storage) o '
e Interface Operation (Linked to ACAC

renewable source). Input converter
Disadvantage e

(compare to conventional transformer)

* Less Reliability
* More complicated structure 15KV AC
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Potential applications of PET in traction research

2001 - ABB (ETH)
2007 - Alstom
2007 -
Bombardier

2009 - KTH

2010 - Erlangen

]

15



Potential applications of PET in renewable energy
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Potential applications of PET in Smart Grids research
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HYBRID TRANSFORMER

Main Concept
Integral connection £ 3]
" -
| ““\?/'

Img.: http://www.hieco-electric.com

Power Electronic Converter (PEC):  Classic Distribution Transformer

Integral part of HDT; (DT)
Sized for a fraction (10-15%) of DT power;
Enables continuous voltage regulation in the +/-10%U , range

(PEC elements voltage ratings);
Possible PEC circuit bypass, HDT operates like classic DT!
A

10
NHT = "DT *+ 75 (nppc —1) = 0,98 + W(O'C)S —1) = 0,975
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General relative properties

Comparison of diferent distributed transformer:

Hybrid (HDT); Classic (DT) ; Power Electronics (PET) ;
Tap Changers (DT+TC)

Cost

Dimensions

PET

Losses

U, P - controllability

Functionality HDT DT PET DT+TC
Voltage continuous| continuous| step
regulation +10% +100% | £10%
Dynam!cs of <20ms |----- < 20ms | >100ms
regulation
Power factor ok. £10° | No +9(0 ———
regulation
Power flow | o1 +10% | No | 100% | -
control
Connection of o o L
DC source 10% Py | No | 100% Py
Scalab|I|Fy and Yes NoO Yes NoO
modularity
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DTH in the energy system

[ ! —
Y Farma ; v, DTH
Elektrownia T wiatrowa W:‘vl% "
systemowa \ \ " i ‘ / i ” LW(reg)
P j T ; % Dic fn
g Infrastruktura
. . budynkéw
The location of DTH in {/ ,9 —
Elektrownia : /

the distribution system CEL l Y / (,kv' - ﬂm ®

~

Przemys} Ve Legenda

—> komunikacja

Przeplyw mocy w
Elektrownla na “—> sieci Wn

Dystrybucyjny > :
trﬁnts)fo(rjmator ieci
Gospodarstwa - yory owy, ieci S
lomowe . PN sieci nn
N Transformator

biomase
R ‘ﬂ
Baterie

// «—> sieci Sn
Ogniwa

paliwowe

Infrastruktura .‘ WN/S$n
budynkéw \_ J

N\ N\
/\ o T FON

Inteligentny . . .
An example of a smart distribution

DTH 230V

) =z | — substation with DTH, controlled
| )K )K @7 e by a broadband PLC in a LV grid

~

20



Basic developed DTH systems

=

DTH with connectable stand-alone
regulator on the LV side

-

A
B
C

NI

AC/DC/AC converter for use in in DTH

sttems on LV side /
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Power distributions in DTH systems with a converter on the

LV side
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Example of a 1-phase DTH with one tap
and regulation converter on the primary side

Circuit diagram Design of a 50kVA prototype
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DTH parallel operation
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Multi-zone DTH
Systems with stepped-continuous regulation

Characteristics of load voltage regulation
as a function of the converter add voltage
and the switched transformer tapping
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Lab stand for experimental testing of low-power DTH (10kVA)
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CONCLUSIONS

The investigated HDT systems with special switch, the so-called
bypass, allow to adjust the voltage at high resolution at wide range,
and with high dynamics, and increased reliability.

The HDT topologies provide additional functionality including:
voltage symmetrization, compensation of higher voltage harmonics,
or power flow control in ring systems.

Thanks to the dynamic and accurate voltage regulation offered by
the HDT, energy systems operators gain greater control capabilities,
together with the additional functionality of the device

An important advantage of the proposed HDT systems is its high
efficiency, comparable with a classic transformer and a much lower
cost than the power electronics transformer

Please ask questions and offer your own thoughts
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