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1. Introduction 

1.1 Scope of the document 
This document focuses on the ñSmart Transformerò implemented in DEMO6. It details the architecture 

as a combination of a MV/LV transformer together with its OLTC, a solar radiation sensor and a 

controller. The requirements for the voltage regulation are depicted and the main technical 

characteristics detailed. The implementation is illustrated and first results are presented. Finally, a 

foreseen replication is introduced. 

1.3 Tags & metadata (Technical Glossary) 
Type of solution 

Â Equipment / Hardware / Firmware Ä Information system Ä Process 

Manufacturer(s) implied (for equipment or hardware) 

Schneider Electric 

Work Stream considered 

Ä Active Demand 
Â DER 
integration 

Ä Storage Ä Islanding Ä MV Innovation Â LV Innovation 

Location / Topology (with regards to distribution grid) 

Ä HV/MV Substation Ä MV Â MV/LV SS Ä LV Â DER Ä Meter  Ä Downstream meter 

Ä Other Centralized system (calculations, information system) 
Ä Other Decentralized 
system 

Ä Other : 

Thematic(s) 

Ä Grid Monitoring / state estimation Ä Active demand / DSM Â DER Integration / increased grid capacity 

Ä Islanding Ä Anti Islanding protection Ä Automatic Failure Detection Ä Remote Grid Operations 

Ä Automatic Failure Management / Grid recovery Ä Automatic Grid topology reconfiguration Ä Other : 

Use Case(s) 

DEMO 6 Ä Islanding 
Ä Peak demand 
reduction 

Â Manage massive PV production on LV network  
Ä Encourage resident to adopt 
smarter habits  

Key figures 
Á 400 kVA transformer 
Á 9 taps 
Á 2% steps between taps 
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2. Objective and technical requirements  

2.1 Context & Objective 
The use of an On Load Tap Changer (OLTC) has been foreseen since the beginning of the DEMO6 

project. Such technology is designed to dynamically regulate the output voltage of a MV/LV 

substation (i.e. on the LV side of the transformer), thus enabling more integration of photovoltaic (PV) 

generation into LV networks by authorizing PV producers to generate higher voltage rise (when 

defining the terms of their connection to the grid). 

 

 

Figure 1 Consequences of massive integration of PV generation 

 

In order to prevent voltage violations (an OLTC transformer has no effect on power constraints) and 

keep an optimal voltage regulation in winter within DEMO6 project, an innovative function was added 

to the basic voltage regulation (around 404V) ensured by standard OLTC regulating transformers. This 

function consists in fine-tuning the voltage set point according to a set of parameters and inputs that 

includes real-time solar radiation, used as an indicator of the amount of PV energy being produced. 

This enhanced control allows varying voltage set point that takes into account the amount of PV 

energy being produced, including reaction to real time perturbations (e.g. temporary reduction in PV 

production due to a cloud). Hence, such smarter voltage regulation allows even more PV integration in 

the downstream LV grid. 



Technical Spotlight Demo#-# 

 

 

19 April 2016  5/11 

2.2 Requirements 
The requirements for voltage regulation are illustrated in Figure 2 : 

 

 

 

Figure 2 : Illustration of a representative day of Smart Voltage Regulation with varying solar power and a request 
from the NEM

1
 

 

In the absence of solar radiation, there is no risk of overvoltage potentially induced by the PV 

production: the voltage set point can be increased to 420V in order to enhance the quality of supply by 

limiting the risk of under voltage at peak time (mostly during the evening and in winter in residential 

areas). At the time of high solar radiation, the voltage set point is decreased to 404V to increase the 

possibility of PV deployment without risk of overvoltage. 

Additionally the Network Energy Manager (NEM), which carries power flow analysis and network state 

estimation, is able to submit special requests to the OLCT regulating transformer in order to adapt the 

voltage set point to current grid state. 

 

                                                        
1
 Source : ERDF 
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3. Development and implementation  

3.1 Architecture and technical characteristics 
The OLTC regulating transformer comprises 3 parts: 

Á A MV/LV transformer together with its OLTC. 

Á A solar radiation sensor installed on the roof of the substation 

Á A controller that calculates the LV voltage set point to be applied at the secondary winding. 

The controller receives two signals as inputs: one from the solar radiation sensor which 

allows real time fine-tuning of the set point, and a second one from the NEM which allows the 

potential for direct control from the central system. 

 
Figure 3 Smart transformer 

 
Figure 4 Solar radiation sensor 

 
 

Figure 5 Electronic controller box 

 

The OLTC regulating transformer presents the following technical characteristics: 

 

Characteritic Value 

Nominal Power 400 kVA 

Voltage range Supply voltage (Primary)= 18600V to 21400V 

Output voltage (secondary) = 404V  

(see appendix 1) 

Tap changer number of positions 9 

Regulation step size 2% 
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3.2 Lab tests 
In preparation of the smart transformerôs field implementation, all regulatory tests and checkups 

necessary before connecting a transformer to the distribution grid have been carried on. 

3.3 Field implementation 
The OLTC regulating transformer (a.k.a. smart transformer) has been installed in Carros on 

November, 13th 2014, in presence of ERDF and Schneider Electric, the manufacturer of the 

transformer. 

 

 

 

Figure 6 Field implementation works 
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4. Technical results  

 

 

Figure 7 : Measured solar radiation and voltage applied at LV feeder on April, 1st 2015
2
 

 

First results from experimentations carried on April, 1
st
 2015 show that the voltage is effectively 

regulated according to PV production variations: 

At 1 PM when solar radiation approaches 900 W/m², the smart transformer regulates its output voltage 

around 404V (which is the set point voltage) in order to allow higher voltage rises on the downstream 

LV network. 

On the opposite at night time we can see that voltage is regulated around 420V 

 

5. Elements of Cost & Benefits Analysis  

The solar transformers used in the DEMO6 project still cost the price of prototypes, approximately 4 or 

5 time the price of an ordinary transformer. This parameter needs to decrease a lot before thinking of 

an important roll out on the French Distribution Grid, but the movement has begun and is ongoing. 

 

6. Replication, next steps and up scaling  

 

In order to broaden and diversify the experience while keeping the principle of solar-based voltage 

regulation, ERDF is planning to install a modified version of the DEMO6 Smart Transformer in óLe 

Sauze du Lacô in the óHautes-Alpesô department. Similarly to control systems used to handle public 

                                                        
2
 Source : ERDF 
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lighting, this voltage regulating transformer will be coupled with an astronomical clock which will be 

used as an estimation of the solar radiation based on time of the day and the day of the year. 

 

Figure 8 Illustration of the voltage regulation coupled with the astronomical clock
3
 

 

7. Conclusion and key messages  

 

Á The solar transformer is of genuine interest for the DSO from a technical standpoint because it 

combines the stabilization of voltage on the LV side of the MV/LV substation in the event of 

voltage changes on the MV side with the automatic adaptation of voltage on the LV side to 

the local irradiance level. 

Á It thus allows more photovoltaic systems to be connected to the LV side and minimizes 

the risk of overvoltage, because voltage on the LV side of the MV/LV substation is stable 

Á  The solar sensor also prevents the LV grid against voltage drops in the winter. 

Á But an OLTC, with or without light sensor, only acts on voltage constraints, not on 

power constraints. 

Á Its operation is close to that of a standard transformer, meaning that its autonomy makes it 

easy to operate, but its installation is more complex as there is the need to install both the 

control unit and the sensor. That is why the second solar transformer using an astronomical 

clock will simplify its installation while keeping the same functionalities. 

 

                                                        
3
 Source ERDF 
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8. Appendix  

8.1 To go further 
Document Topic 

dD6.7 ï Final assessment of the solar district Technical results (§3.4) 

dD6.9.1 ï Final assessment of the solar district Key messages for the DSO (§2.4) 

dD6.9.2 ï Final assessment using the KPIs Key Performance Indicators (KPI) (§2.3.5) 

8.2 Glossary 
Term Definition 

Astronomical clock An astronomical clock is a clock with special mechanisms and dials to display 
astronomical information, such as the relative positions of the sun, moon, 
zodiacal constellations, and sometimes major planets. For the OLTC, the 
astronomical clock indicates the day/night changes.  

EN 50160 Norm Supporting the requirement to define voltage characteristics in terms of 
frequency, magnitude, waveform and symmetry, EN 50160 provided definitions 
and in some cases measurement methods and compliance levels for 10 
characteristics of the supply voltage: Power frequency, Supply voltage variations, 
Rapid voltage changes (and Flicker), Supply voltage dips, Short interruptions, 
Long interruptions, Temporary overvoltages, Supply voltage unbalance, 
Harmonic voltage. 

Light sensor A pyranometer/light sensor is a type of actinometer used to measure broadband 
solar irradiance on a planar surface and is a sensor that is designed to measure 
the solar radiation flux density (W/m²) from a field of view of 180 degrees. 

Network Energy Manager 

(NEM) 

Software platform in charge of allocating flexibilities to solve grid constraints on 
the day-ahead basis, relying on PV and load forecast, as well as on grid 
operators requests. It deals with aggregators managing flexibilities.  

On load tap changer  A tap changer is a connection point selection mechanism along a power 
transformer winding that allows a variable number of turns to be selected in 
discrete steps. A transformer with a variable turns ratio is produced, enabling 
stepped voltage regulation of the output. The tap selection may be made via an 
automatic or manual tap changer mechanism. 

Secondary substation Transformer substation from medium voltage (20 kV) to low voltage (400V) 
supplying end customers feeders. Transformer size range from 50 to 1000 kVA 
whereas supplied customers is very variable (on average 70 residential clients, 
and up to 500 residential customers in France). 

Voltage constraints On the low voltage grid, the injection/ withdrawal of active power raises/lowers 
locally the voltage: a voltage constraint appear when the voltage is close to the 
boundaries defined by norm EN50160, i.e. Un +/- 10%, with Un=230 V 
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8.3 Transformerôs Voltage Range 
The OLTC transformer allows a regulation of the output voltage (secondary winding) for nine different 

input voltages (primary winding) comprised between 18600V and 21600V, which is sufficient for the 

context of the project. 
 

Supply 

voltage 

Output 

voltage 

21 600 V 404 V 

21 200 V 

20 800 V 

20 400 V 

20 000 V 

19 600 V 

19 200 V 

18 800 V 

18 400 V 

 

Figure 9 - Transformer voltage range
4 

 

                                                        
4
 Source : Schneider Electric 


