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Speed

If we had to sum up the 21st century in one single word, we would probably 
choose speed. 

Nowadays, things happen at a speed that would have been unimaginable just 
50 years ago. 
  
In the past we used to say "time is money" to emphasise the time that we 
spent on a certain activity. Nowadays, this expression is even more relevant 
since it has become not only a problem of cost but also the possibility of 
losing out on an opportunity due to the excess time spent.

Nowadays, new technologies, business models, new equipment and 
communications systems all reach us at the same time and most of the time it 
is the person or company that puts them into practice the fastest who wins the 
new opportunity, sometimes even before people or companies that are more 
prepared in this area. 

Patents which were granted for 20 years, with difficulty, are reaching the end 
of their useful life while still valid, since they are usually surpassed by other 
innovations in the same field. 

An example of the speed at which technology moves can be seen in 
communications. It was just 60 years ago that we stopped using Morse code 
and in the following 30 years there were very few advances in 
telecommunications. However, since the appearance of FAX, technologies 
have advanced at an increasingly fast pace: analogue mobile technology, 
digital mobile technology, GPS, Internet, GPRS, 3G, 4G, instant messaging, 
social networks, etc., all mean that within two years any mobile device is 
surpassed by new models with many more features.

Many of our engineers, IT technicians, mathematicians and physicists, among 
others, are working to see how they can speed up the design process for new 
products and new technologies.

The speed at which things happen is not going to slow down, and will 
probably continue to increase, and so we need to accept it as a response to 
progress.

Ramon Comellas 
Chairman of CIRCUTOR

Editorial

Technology for energy efficiency  www.circutor.com
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CIRCUTOR, revolutionising power 
factor correction yet again

News
Josep García Fàbrega

Network Quality Division

The worldwide replacement of mechanical energy meters by digital 
multi-function energy meters, capable of measuring reactive energy 
phase by phase, means that the concept of power factor correction 
must be changed.

Not all installations require  
the same compensation units

Systems which are increasingly unbalanced, as well 
as the implementation of new digital energy meters, 
capable of individually registering both the inductive 
and capacitive reactive power in each of the phases, 
have led us to reinvent power factor correction. 

Traditional capacitor banks do 
not guarantee the elimination 
of reactive energy

The use of traditional compensation systems, which 
measure on a single phase and compensate using 
three-phase capacitors, result in undercompensa-
tion or overcompensation in the system, register-
ing reactive energy values in the company's energy 
meter with no guarantee that penalties on customers' 
bills will be eliminated.

With the use of hybrid compensation and meas-
urements over the three phases, CIRCUTOR's 
new patented system allows us to compensate any 
type of consumption by quickly connecting, via 
thyristors, single-phase capacitors, between phase 
and neutral. These capacitors are replaced by 
three-phase capacitors when three-phase demand is 
stabilised, so that the single-phase capacitors are 
thus enabled for new needs in terms of fast com-
pensation and/or unbalances in the network. 

 » A reality

 » A solution
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We are coming up on the 20th anniver-
sary of a milestone that marked a 
turning point in power factor correc-
tion systems: CIRCUTOR's launch of 
automatic capacitor banks with semi-
conductor switching (thyristors), 
commonly known as static capacitor 
banks.

Their appearance in the market was at 
the forefront of a major technologi-
cal advance in a field where controlling 
capacitor connections was traditionally 
based on electromechanical systems 
(basically contactors). The new power 
factor correction units had features 
that were infeasible before that time. 

The most prominent of these include 
response to compensation demands 
almost in real time with connection 
times that could be as low as one cycle 
(20 ms in 50 Hz networks), an absence 
of transients when connecting and 
disconnecting capacitors (an essential 
factor in preventing interference with 
electronic units like PLCs, regulators, 
industrial computers, etc.), and a 
significant reduction in capacitor 
maintenance thanks to the lack of 
mobile operation elements, extending 
the useful life of the unit as a whole 
compared to conventional contactor 
units.

Since that time, many other manufactur-

ers have produced compensation units 
with similar features, following the path 
set by CIRCUTOR; now CIRCUTOR is 
ready to once again blaze the path to 
the future of power factor correction 

with its patented innovative phase-to-
phase hybrid compensation system.

This system is based on the combined 
use of several compensation meth-
ods. It combines contactor operation 
with semiconductor operation, uses 
three-phase capacitors with single-
phase capacitors connected between 
each of the three phases and the 
neutral, and takes measurements with a 
power analyzer from the renowned 
CVM range with a reactive energy 
regulator. The overall result is a 
capacitor bank that can be fine-tuned 
to the real compensation needs of 
any network, regardless of how 
unbalanced the consumption is 
between phases and, in most installa-
tions, the variability of this consumption.
 
Furthermore, the use of semiconductors 
makes the unit able to respond 
rapidly to compensation needs, 
increasing the accuracy of cosine phi 
correction on the network. This capacity 
is further complemented by smart 
management of single-phase and 
three-phase stages, such that the 
connected single-phase capacitors 
are replaced by a three-phase 
capacitor when the equivalent three-
phase power has stabilised, leaving the 
single-phase stages available to be 
connected if there are new load 
variations.

As mentioned in the first paragraph of 
this article, the mass implementation of 
new electronic energy meters can 
cause variations in the penalties for 
reactive energy consumption, 
penalties based not only on three-
phase consumption of inductive reactive 
energy, but also on the individual 
consumption of each reactive energy 
phase, both inductive and capacitive 
(i.e. by default or due to overcompensa-
tion). Add this to increasingly unbal-

The new CIRCUTOR 
HYB capacitor banks 
feature an innovative 
patented hybrid 
phase-to-phase 
compensation system.



Power factor correction and harmonic filtering  reactiva@circutor.com

Connect and work

A Plug&Play system with no need to 
program. Just cable the power and 
the measuring signal.

€0 guarantee *

Three-phase measuring, the reply speed and 
the individual compensation by phase give 
us enough security to guarantee customers 
a €0 reactive item on their electricity bill.

*With correct unit selection and subject to 
CIRCUTOR's Guarantee Conditions.

Profitable investment
The use of thyristors avoids mechanical 
wear and largely increases the useful 
life of the unit while minimising the total 
losses of the installation.

Take control
It is not only compensation with three-
phase measuring that will allow you 
to control all of your installation's 
electrical parameters. The first step on 
the path to energy efficiency.

anced installations as a result of 
growing consumption of lighting 
systems as well as the expansion of 
office automation loads, and even 
single-phase speed regulators, electric 
vehicle charging points, etc.

It is clear that compensation using only 
three-phase capacitors inherently 
makes it impossible to fine-tune 
compensation in unbalanced networks, 
making it essential to have single-
phase stages in the automatic 
capacitor bank that are connected to 
the network's neutral.

We must therefore overhaul our 
classical conception of capacitor 
banks as merely three-phase units 
where the neutral only occasionally 
serves as a reference for the auxiliary 
operation voltage, to thinking of them as 
4-wire units where the neutral also 
plays an important role in terms of 
power. 

Ultimately, managers of electrical 
installations must become aware of the 
need to adapt their compensation 
units to increasingly stringent regula-
tions for determining penalties for 
inductive and capacitive reactive 
energy.

As part of its ongoing innovativeness 
and desire to serve its clients, CIRCU-
TOR is now offering capacitor banks 
that will undoubtedly set the benchmark 
to be followed in the coming years.»

6
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Essential in all sectors

Independently of the sector or the power consumed, today's electrical panorama 
means that we meet unbalanced loads in all kinds of installations. 

CIRCUTOR's Optim HYB capacitor banks offer Exclusive Security with 0 eur* 
reactive energy penalties, and as we are confident about this, we give you a 5-year 
guarantee on the unit.

Shops
Compensation of loads connected between phase 
and neutral (cooling, lighting, air conditioning…).

Communities of residents
Quick lift compensation.
A large number of single-phase loads in the lighting system.

Tertiary Sector
Compensation of fast loads, as in the case of loads in lifts.

Compensation of system unbalances produced 
by inductive and capacitive single-phase loads 
(lighting, computers, control devices...).

Hospitals
Maximum service continuity by eliminating interferences 
in other units and connection transients.

Fewer losses.

Compensation for lifts and service lifts.

Industry
Compensation of fast loads and single-phase 
units (lighting, small variators, welding...).

Longer life of mechanical equipment.

No interference with electronic units

Don't take risks with reactive energy

*With correct unit selection and subject to CIRCUTOR'S Guarantee Conditions

5 YEARS
OF WARRANTY
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Francesc Fornieles

Electric Energy Management 
and Network Quality Division

Technical article

Will any protection 
guarantee the safety of 
people and property?

The increased presence of electronic 
devices in installations means that we 
need to select earth leakage protection 
elements correctly to protect property 
and above all people with complete 
safety.

We need to reconsider the safety of our 
installations using electronic loads in 

any sector and field, not just the 
industrial sector.

The efficacy of the protection systems 
is vital to maintain a high level of safety 
for users, units and installations. This 
efficacy is indeed called into question 
by the presence of electronic devices 
themselves, since we do not only find 

earth faults and leakages at 50 or 60 Hz 
depending on the system, but rather a 
greater presence of leakages at higher 
frequencies and above all leakages that 
are not as well-known but not any less 
important, such as direct current 
leakages.

Standard IEC/TS 60479-2 provides 

8
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recommendations on the effects of the 
current passing through the human 
body depending on magnitude and 
duration at frequencies higher than 100 
Hz, establishing a relationship between 
the admissible current values that can 
circulate through the human body and 
their duration. From this, it is concluded 
that greater frequency requires more 
leakage current to produce the same 
effects. Thus, we cannot underestimate 
leakages at high frequency since these 
can be just as dangerous as at funda-
mental frequency.

Figure 1 shows that the fibrillation 
effects at 50 Hz that may be produced 
from 30 mA would be the same if there 
were a discharge from 225 mA at 500 
Hz. Although these levels seem high, 
these values can exist in our 
installations.

Another important aspect of protection 
efficacy is behaviour in the event of 
direct current leakages. Said leakages 
are often not taken into account, when 
in reality they can increase the risk of 
electrocution or fire in our installations.

Direct current leakages mainly originate 
in three-phase loads with power 
electronics, although they can also 
occur in certain single-phase loads. 
Typical examples are speed drives, AC/
DC transducers, uninterruptible power 
supplies (UPS), electric vehicles or lifts 
(see figure 2).
The presence of direct current leakages 
on earth leakage protection systems 
could make the protection completely 
inefficient if they are not the correct 
type. Although direct current leakages 
can be less harmful for the human 

Figure 1

Values corresponding to the 
level of ventricular fibrillation 
according to IEC 60479-1 in 
combination with the 
frequency according to IEC 
60479-2

Operating 
limit

500 Hz

225 mA

IΔ(mA)

f (Hz)

Figure 2
Direct current leakage
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body, in combination with alternating 
and pulsating current leakages, they 
can block or obstruct the earth leakage 
protection so that it can trip with 
currents higher than it should, thus 
making it impossible to guarantee the 
correct protection of people and units in 
the installations.

In order to select the correct protection 
the detection of leakages at high 
frequency and direct current must be 
taken into account, particularly when 
present in installations with the previ-
ously mentioned loads. 

AC type differential relays are only able 
to detect alternating current leakages at 
industrial frequency (50/60 Hz) without 
disturbances or distortions. Countries 

such as Belgium, Switzerland and 
Germany are not able to install this type 
of differential relay, since it is manda-
tory to install at least type A differential 
relays, which measure sine wave and 
pulsating leakages. However, the 
increase in loads with direct current and 
high frequency (1 kHz) leakages mean 
that type B differential relays must be 
used, which are also able to measure 
leakages of this kind, as we have shown 
through the need to adequately protect 
our installation.

With its complete range of type B earth 
leakage protection (models IDB-4, 
WGB-35-TB and RGU-10B) allows you 
to protect and monitor directly from the 
loads to a general switchboard.»

For compliance with 
any type of leakage, 
the use of type B earth 
leakage protections are 
considered universal 
protection for any 
installation, and thus 
guarantee complete 
protection for property 
and, more importantly, 
people.

Adaptation of protection elements 
to the changing times

Detects residual 
alternating and 
pulsating current

Type

A

Type

AC
Only detects residual 
alternating current.

10

Detects residual 
alternating current 
up to 1 kHz, 
pulsating and 
pure direct current

Type

B
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Direct differential relay 
2/4 poles
30/300 mA INS
Up to 63

IDB-4IDB-4

TYPE B PROTECTION will give you the peace of 
mind of knowing you are COMPLETELY PROTECTED

Differential relay with 
built-in transformer
30/300 mA INS
300 mA SEL
Up to 125 A

WGB-35-TBWGB-35-TB
Differential relay with 
built-in transformer*
From 0.03 to 3 A
Time 0.02 to 10 seconds
Configurable prealarm
Up to 2000 A 

RGU-10BRGU-10B

* WGC-TB transformers, specially 
designed for type B protection

kW

Type
A/AC

Type
A/AC

Type
B

kW

 Type
B

Type
A/AC

 Type
B
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How to improve efficiency 
in Data Processing Centres 
(DPCs)

Technical article

The importance of knowing the PUE

▸ We can calculate the energy efficien-
cy of any production system by compar-
ing the useful energy with the total 
energy needed by the system. With this 
information and knowing where the 
inefficiencies are, we can achieve 
substantial savings and more environ-
mentally-friendly operations. 

As a practical example, an average data 
processing centre with installed power 
of 100 kW can achieve savings of 
€8,000 to -€16,000 in the electricity bill 
as a result of improved energy efficien-
cy. To do so, it is as important to detect 
the points of consumption as it is to 
assess the corrective measures.
The energy factor is so critical in data 
processing centres that it has its own 
indicator: PUE or Power Usage 

100 kW of installed 
power

Improvement of energy 
efficiency

Electricity bill savings 
of €8,000 to €16,000

Managing effective energy use

Practice example in a data 
processing centre, thanks to 
energy efficiency 
improvements

Francisco Domínguez

Network Quality Division

DPCcenter
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Effectiveness, defined by a standard 
issued by The Green Grid, a global 
environmental agency comprised of 
over 175 internationally renowned 
companies.

The European Commission also has a 
code of conduct for reducing the impact 
of data centres' growing energy 
consumption. It periodically publishes 
best practices for data processing 
centres, most recently in 2013.

These centres have a peculiar profile 
due to their uninterrupted working 
hours. Because of the great importance 
of service continuity when powering 
servers, computers and communica-
tions, they have three main groups of 
units for their exclusive use: 

 y Energy supply and control units 
(electricity and other sources, such as 
diesel oil, gas, etc.) essential for the 
functioning of these continuous 
operation units. This group includes 
supply connections and switch-
boards, lighting and refrigeration 
systems, air conditioning of the 
corresponding rooms, etc.

 y One or several units to supply 
power computer equipment (IT), 
comprised of UPS (Uninterruptible 
Power Supply) units

 y The distribution panels and 
systems for this energy to power the 
computer equipment

Broadly speaking, we can say that of 
the 100% total energy consumed in a 
DPC, 60% corresponds to the infra-
structure's electrical consumption and 
the remaining 40% to refrigeration 
systems.
So we can undoubtedly see the need 
for coefficients (PUE) that make it 
possible to prepare comparative studies 
aimed at determining actions for 
optimising the energy consumption of 
these centres.

The European Commission 
also has a code of conduct 
for reducing the impact of 
data centres' growing 
energy consumption. 

PUE or Power Usage 
Effectiveness, defined by a 
standard issued by The Green 
Grid, a global environmental 
agency comprised of over 175 
internationally renowned 
companies.

Calculation guidelines
As we have already seen, we normally 
use the standard issued by The Green 
Grid to calculate the parameters for 
DPC efficiency. We will distinguish two 
key indicators:

1. PUE: Power Usage Effectiveness, 
calculated with the formula: 

 2. DCE: Data Centre Efficiency, 
calculated as a percentage with the 
formula:

In addition, the Environmental Protec-
tion Agency of the United States (EPA) 
provides the following PUE values as a 
reference: 

• Historic 2.0 
• Current trend 1.9 
• Optimised operations 1.7 
• Best practices 1.3 
• State-of-the-art 1.2 

PUE =
Total energy supplied

Energy for computer equipment

DCE =
Energy for computer equipment

Total energy supplied
 as a %
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Total energy 
supplied to the 
installation

Electrical energy 
supplied to:
• Panels
• UPS
• Batteries
• Lighting
• Air conditioning
• Refrigeration systems
• Ventilation

Energy for com-
puter equipment
• Servers
• Terminals
• Data processing
• Telecommunications
• etc.

DATA PROCESSING 
CENTRE (DPC)

100 % 50 % 50 %

Companies like Google have gotten 
the average PUE of their DPCs 
down to 1.22, and sometimes as 
low as 1.15.

In the historic frame of reference  
(PUE 2.0), typical consumption for 
different DPC elements is:

There are three general measurement 
levels* shown in the table below, with 
measuring points that correspond to the 
indicators in the diagram also shown 
below, with energy measured in kWh. A 
12-month cycle is taken as a comparative 
reference for all levels.

There is also a Level 0, which only 
includes power measurements (kW), 
measuring the general demand of the 
installation and that of the UPS output.

Therefore, one of the keys to the 
success of an energy improvement 
project is measuring the consump-
tion of each unit type in order to be 
able to recognise the most afford-
able areas of improvement.

Lighting
4%

Other
4%

UPS
8%

Air 
conditioning

34%

Computer equipment
50%

Breakdown
Energy 
consump-
tion in DPCs

BASIC
Level 1 (L1)

INTERMEDIATE
Level 2 (L2)

ADVANCED
Level 3 (L3)

Total Energy of the Installation Installation Inputs Installation Inputs Installation Inputs

Energy for computer equipment For UPS output For computer equipment  
distribution outputs

For Computer equipment power 
supply

Measurement Frequency Monthly / Weekly Daily / Hourly Continuous (15 minutes or less)

*The Green Grid recommendations.

1

2

1

3

1

4

Consumption  
data
INITIAL

DPCcenter



Circutor Magazine  2014-02 15

PUE Efficiency Calculation Scale

4

CVM-MINI

Earth leakage current 
relay station

 – Servers

 – Consoles

 – Backup Units

 – IT racks

 – Telecommunications

 – Routers, etc.

Computer equipment output panel

Electric  
power analyzer

CVM-C10

Electric  
power analyzer

CVM-MINI

CBS-4

Electric  
power analyzer

Earth leakage cur-
rent relay station

Distribution panel for
DPC auxiliary servicesUPS power supply panel

Computer equipment 
consumption

Other related 
consumption

 – Room Air Conditioning

 – Lighting

 – Unit cooling

 – Auxiliary power connections

 – Various services

 – Etc.

CVM-B150

CVM-C10

 – PowerStudio Software

Electric  
power analyzer

Electric  
power analyzer

70% 30% PUE 
FINAL CONSUMPTION 1.4

50% 50% PUE 
INITIAL CONSUMPTION 2

1

2

3 3

4

Data 
INITIAL 
and
FINAL

COMPARISON

START: FINAL2

VERY  
INEFFICIENT

VERY  
EFFICIENT

1.4
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CIRCUTOR with its decades of experience 
in energy efficiency , solutions, offers a 
wide range of products that facilitate 
continuous data gathering for controlling 
PUE and DCE, UPS unit performance, 
electric energy management and DPC 
maintenance. These include energy 
meters, power analyzers, ultra-immu-
nised earth leakage protection, harmonic 
filtering systems, PowerStudio Scada 
management software and power factor 
correction systems.

CIRCUTOR's Solution with the  
SCADA system

For the study, two implementation phases 
and a third study phase are required:

1-Measurement: with the addition of CVM 
power analyzer units, with their correspond-
ing current transformers, equipped with 
RS485 serial communications to measure 
circulating energy.

2-Analysis: installing the PowerStudio 
Scada application, calculating and viewing 
the resulting values and running the 
corresponding reports.

3-Improvements: analysing the collected 
data lets us see which units are consuming.

These are some of the products offered by CIRCUTOR to 
facilitate continuous data gathering for controlling PUE and 
DCE, UPS unit performance, electric energy management 
and DPC maintenance, in addition to many other 
applications

MEASUREMENT

ANALYSIS

IMPROVEMENTS

CVM power analyzer 
units with measuring 
transformers

1.

2.

CIRCUTOR's 
PowerStudio Scada 
software is used for 
calculating and 
viewing the values

3.

Analysing the data 
gathered and 
controlling unit 
consumption

ENERGY
EFFICIENCY
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The application features:

• A start screen in single-line diagram 
format (Fig.1) with data corresponding 
to all the concurrent energy types 
(converted to KWh).

• A second summary screen (Fig.2) with 
performance calculations (Fig.3), 
enabling you to create  
and display reports with results for 
different periods  
(daily, weekly, monthly and yearly).

By way of example, here are the screens 
displayed when installing CVM analyz-
ers and programming a specific Scada 
application. 

On the first one you can see the 
installation diagram and unit connec-
tions; on the second one you can see 
the resulting data online for a single 
DPC; and on the third one is a weekly 
Level 1 report with continuous measur-
ing frequency.

PowerStudio SCADA application

PUE calculation screen

*Note: the data on the screens may vary depending on the moment when the data was captured

WEEKLY PUE CALCULATION REPORT

Level: L1
Measurement Period: Weekly

Measurement Frequency: Continuous

Period of the report:

From: 03/01/2014  To: 10/01/2014

Issue Date: 13/01/2014

Description initial kWh final kWh total kWh

Air- 
conditioning

6,146 8,767 2,621

Lighting
15 341 325

Input UPS 1
429 5,578 5,149

Input UPS 2
521 5,715 5,194

Total kWh in DPC inputs
13,289

Description initial kWh final kWh total kWh

Output UPS 1
754 5,466 4,712

Output UPS 2
791 5,486 4,695

Total kWh in DPC outputs
9,407

PUE CALCULATION

Total kWh DPC outputs   /   Total kWh DPC inputs

1.41 PUE L1, W, C

0.71 DCE

Fig. 1

Fig .2

Fig .3



CIRCUTOR's Solution with a local 
display screen

For the study, two implementation 
phases are required:

1-Addition of CVM power analyzer 
units with their corresponding current 
transformers, equipped with RS485 
serial communications to measure 
circulating energy.

2- Addition of an EDS energy control-
ler with storage and data processing 
functions and its built-in programming, 
along with a local display screen.

By way of example, here is the commu-
nication topology displayed when 
installing CVM analyzers, the EDS 
energy controller and the local display 
screen.

CIRCUTOR EDS

Energy manager with 
PowerStudio and built-in 
web server

CVM NET

RS-485

General Air conditioning
UPS  
Input Lighting

UPS  
Output

Local 
screen

CVM NET CVM NET CVM 1D CVM NET PowerStudio

EDS

CIRCUTOR's Solution with a local screen

How to improve the efficiency of a 
data processing centre

To improve the efficiency of a data 
processing centre, we must follow 
measuring and analysis by implement-
ing improvement actions. There are 
actions that do not require any invest-
ment, such as reducing the contracted 
power to save on direct costs, and other 
actions that do require investment, such 
as replacing units with more efficient 
ones.

To organise these improvement actions 
you can prioritise them in accordance 
with the efficiency that can be achieved 
with each one. This prioritisation is 
calculated by comparing the improve-
ment obtained with the investment 
required to make the improvement. 

Pa= CEa-CEm
Investment

Pa: Action priority
CEa: Current energy consumption 
CEm: Energy consumption with the new measure.
Investment: investment needed to achieve the savings

Technology for energy efficiency  www.circutor.com18
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Performing this calculation for each 
possible improvement action helps us 
prepare a list of actions and sort them 
from highest to lowest priority.

Possible short-term measures include:

 y Analysing usage patterns for the 
  environments where they have been 
deployed.

 � Calculating the minimum      
 server group sizes           
 to maintain service       
levels. 

 � Switching off unused         
 capacity, as long as          
 proper availability is         
 maintained.

 y Virtualisation and consolidation 

 y Replacing hardware 
 �  Virtualising test environments. 
 �  Replacing obsolete hardware.

 y Changes in room management
 � Correct control and adjustment of  

    room temperature.

 y Changes to the    
refrigeration infrastructure. 

 � New efficient refrigeration   
  machinery. 

 � Hot aisle/cold aisle layout. 
 � Elimination of "gaps" in the racks. 
 � Future: use of outside air. 

 y Lighting optimisation

For a more thorough list of Data Centre 
improvements, see the "2013 Best 
Practices issued by the European 
Commission's Renewable Energies 
Unit."

Conclusions

DPCs (Data Processing Centres) are 
major consumers of electrical energy 
and their consumption can be divided in 
useful energy for computer equipment 
and the additional energy necessary for 
their smooth functioning. This energy 
consumption is so critical that it has its 
own indicator: PUE (Power Usage 
Effectiveness).

In DPCs with non-optimised PUEs, this 
additional energy can account for up to 
50% of the total energy, giving us good 
room for improvement. According to 

minimum availability requirements 
and the options for investment in 
improvements, savings of up to 20% 
of the total energy consumed can be 
achieved (or between €8,000-
€16,000 a year in an average 100 
kW DPC).

As we have seen in this article, it is 
possible to study and measure 
possible improvements to data 
processing centres. The key phases 
are installing energy measuring 
units, analysing the data gathered 
and making decisions based on that 
analysis.

CIRCUTOR, with its decades of 
experience in energy efficiency 
solutions, offers a wide range of 
products that facilitate continuous 
data gathering for control, mainte-
nance and energy efficiency 
management of DPCs.

For further information contact us 
on CIRCUTOR's website 
www.circutor.com or through one 
of our local sales representatives 
in your area.»

CIRCUTOR, with its decades of experience in 
energy efficiency solutions, offers a wide 
range of products that facilitate continuous 
data gathering for control, maintenance and 
energy efficiency management of Data 
Processing Centres (DPCs)



Success story
Charging electric 
vehicles with 
solar photovoltaic 
energy
PROJECT
Charging electric vehicles using 
"RECARGO" renewable sources

SECTOR
Commercial vehicles

CLIENT
Urbaser e.on

Most significant results

SAVINGS
€3,198 a year

ANNUAL PROFITABILITY
4,5%

REDUCTION OF CO2 EMISSIONS
885,6  kg/year

Maximum charging 
of the fleet of 
electric vehicles with 
renewable energy 
sources

TARGET ACHIEVED:

3,198 €
Savings

a YEARReduction

885,6
kg/año

Office

Photovoltaic Panels
54 panels
12 kW total

Storage 
batteries Charging points

PowerStudio
Software

Internet
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Initial situation
The possibility of charging the fleet of 
electric cleaning and maintenance vehi-
cles through self-consumption of renew-
able energies was suggested, with zero 
injection into the network to comply with 
current legislation. As spending on elec-
tricity for charging electric vehicles was 
the main component of the operating 
cost of these vehicles, charging efficien-
cy was fundamental. The installation was 
already a pioneer in 2013 and it achieved 
the expected return on investment.

Objectives
The main objective was to achieve 
maximum charging of the fleet of electric 
vehicles using renewable sources. 

This objective was subdivided as fol-
lows::

 � Charging electric vehicles without 
increasing contracted power.

 � Use, supervision and electric energy 
management of the installation: to opti-
mise photovoltaic energy generation

 � To make use of surplus maximum 
radiation and days of maximum insola-

tion using a system of batteries  
and inverters to store the energy.

 � To simulate electricity billing and to 
draw up cash-flow forecasts through 
monitoring and control of electrical en-
ergy generation and billing parameters.

 � To know about actual consumption 
in different time periods, to check that 
generation and vehicle charging is 
performed at the right times and to op-
timise the installation and its manage-
ment.

Results
The installation achieved a saving of 
€3,198 the first year through photo-
voltaic electric energy generation. 
The annual return on investment of 
the installation was 4.5%. Using the 
storage batteries it was possible to 
make maximum electricity produced 
with photovoltaic generation systems 
compatible with charging at the most 
suitable times, in accordance with the 
use of the vehicles. The system also 
made it possible to save 885.6 kg of 
CO2 a year. »

More information about the 
solution
The fleet of vehicles was composed 
of electric cars with a 2.5 kW to 6 kW 
power, depending on the model, making 
an estimated annual consumption of 
24,360 kWh. For this reason fifty-four 
photovoltaic panels, each with a peak 
of 240 watts, were installed, with a total 
power of 12 kW. This set of photovoltaic 
cells produced 24,600 kWh a year, as 
they were located in the province of Bar-
celona, which has an average six hours 
of insolation a day. 

In this way, a balance was achieved 
between the energy produced by photo-
voltaic generation and the daily energy 
needed by the vehicle fleet. Storage 
batteries were also installed to store the 
energy produced so it could be used 
when needed for charging and during 
periods of less insolation.

All the power required for charging the 
vehicles was supplied by the photovol-
taic solar installation with instantaneous 
self-consumption, together with the 
storage batteries, backed by the electri-
cal network. This meant vehicle charging 
was guaranteed at all times. 

Energy measurement and control units 
(CIRCUTOR EDS, EDS 3G and CVM 
analyzers) were used to control photovol-
taic generation and energy use. Once the 
measurements had been taken, the data 
was analysed and supervised using the 
PowerStudio SCADA energy manage-
ment software.

One of the uses that most interested the 
managers was that the whole system 
was controlled via the web using the 
PowerStudio SCADA software, both for 
managing the parameters and displaying 
alarms. The system could be controlled 
from a central point and monitored from 
any other point with an Internet connec-
tion. In this case, the whole  
CIRCUTOR system communicated with 
the e.on management software in the 
cloud. 

The general PowerStudio 
SCADA software screen 
was designed to represent 
the installation’s block 
diagram and the status of 
the lines and units.

The “Electrical diagram” 
screen was intended to show 
a single-line diagram of the 
installation and to find out the 
main electrical parameters. 
It also offered a chance to 
see and act on the protection 
elements that could be 
operated in this way.

The idea of the “Energy Report” 
was to present the energy 
generated and consumed by the 
different elements of the system, 
indicating the total energy 
generated or consumed during 
specific time periods.
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Predictive power control

Carlos Córcoles

Electric Energy Management 
Division

The brains of 
your installation

Products

MDC-20

The electricity bill primarily consists of 
two parts. The fixed charge and the 
energy consumption itself.

Energy consumption is the energy 
consumed by the user within a period 
which, when multiplied by the cost in 
terms of kilowatt/hour, gives a total 
amount in euros.

This variable of the electricity bill was 
very important since it was the variable 
users could influence to reduce the total 
amount of the electricity bill.

The fixed charge is a fixed cost that 
consumers must pay depending on the 
power contracted; it is proportional to 
the value of the nominal current of the 

Disconnecting non-

priority loads at times of 

maximum demand that 

is close to the contracted 

power avoids penalties in 

your electricity bill.

Adjustment of demand  
without fear of incurring penalties

power control switch for your installation. 
The more power contracted, the more 
you have to pay. 

The new increase of 17.9% in relation to 
the fixed charge of the electricity bill is 
quite damaging for all consumers and 
appears to increase a fixed cost which, 
until now, users did not consider on the 
electricity bill, since we all assumed that 
the contracted power was correct for our 
installation and was not relevant in terms 
of trying to reduce the bill amount.

This increase motivated consumers to 
analyse their electrical installations 
either by taking measurements using 
portable power analyzers or by control-
ling installation loads, to determine if the 

power contracted with the utility was 
adequate for what they actually needed. 
The auditing or analysis of these loads 
allowed us to determine the actual 
power required for the type of loads we 
have and thus adjust the contract with 
the utility.

CIRCUTOR has developed a new 
maximum demand control unit MDC-20 
to allow users to develop saving and 
efficient use measures for their installa-
tions, thus impacting on consumption 
itself and the power contracted.

Another important feature that allows 
the user to reduce their electric con-
sumption is the calendar for automati-
cally disconnecting an installation's 

MDC

15 min. 15 min. 15 min.
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Via energy impulses from the main energy meter or Modbus/
RTU communications, the MDC-20 controls the consumption of 
an installation and predicts the consumption at the end of a 
certain period. This calculation is used to manage non-priority 
loads for the installation. The MDC-20 connects or disconnects 
loads according to the power of each of the loads and the point 
within the period, to ensure that the maximum number of loads 
will be connected for the maximum time possible, as well as 
guaranteeing that the maximum power configured for this period 
will not be exceeded.

The aim of the new MDC system is to 
efficiently manage electrical demand without 
compromising key functions, thus allowing 
these to function permanently, while 
managing non-priority loads.

Example of an installation 
managed by MDC-20

Reading through 
an auxiliary 
or redundant 
energy meter

Optional units

x6

kW·h

RS-485

RS-485

x4

25kWh

15kWh

5 kWh

13kWh

MDC

LM4

... 12 LM4

x4

RS-485

LANx4

LM4 TCP2RS+

loads. The calendar allows you to 
programme the designated loads to 
automatically disconnect at certain 
programmed times, thus avoiding 
involuntary consumption.

The unit includes features of the 
PowerStudio Scada management 
software and can be integrated into 
higher Power Studio platforms or other 
platforms integrated via XML 
commands.

With this unit, CIRCUTOR aims to 
prevent users from becoming discour-
aged when implementing saving or 
efficient electrical energy use measures 
and also helps them save energy. »

More information on the product 
or on maximum demand can be 
found on our web site or by 
scanning the following QR 
codes.

www.circutor.com
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New integral reactive energy regulator: 
compensation, analysis, protection

Making advances in compensation

Products

SMART III
and SMART III 
FAST

CIRCUTOR allows you to anticipate the 
future and offers intelligent compensa-
tion via the new computer SMART III.

In recent years, the growing trend of 
tighter and stricter penalties applied to 
the consumption of reactive energy has 
become evident, in response to the 
global need to build networks that are 
increasingly energy efficient. 

Measurement with three current 
transformers guarantees an analogue 
reading of the company meter. The 
Computer SMART III reactive energy 
regulator (also available in its version 
for compensation with static operations, 
SMART III Fast) is the only regulator on 
the market that offers the possibility of 
using three measurement transformers 
in addition to the conventional method 
of measuring with a single current 
transformer, as well as providing the 
functions of an integral power analyzer 
and controlling residual leakage 
currents.

The option of using one or three 
transformers makes it the perfect 
regulator for any installation, as it 
enables:

 üChanging from one to three trans-
formers in the following cases:
• Modifications in reactive energy 
penalties
• Variations in consumption habits
• Significant current offsets by phases

 ü Replacing the regulator in any 
existing capacitor bank

Therefore, the compensation with 
three-phase readings offered by the 
computer SMART III, is based on real 
needs, and facilitates the control of the 
installation's electrical parameters and 
consumption, by reading more than 150 
variables, and with a flexibility (up to 4 
programmable cos phi) which can 
adapt to any compensation require-
ment. Moreover, communications via 
port RS-485 (MODBUS protocol) and 
the two digital outputs facilitate remote 
monitoring (via SCADA) of all the 

variables measured (more than 150), 
and actions to be taken based on these 
measurements.

Preventive maintenance and safety

The large majority of faults and prob-
lems with compensation units are 
caused by the two greatest enemies of 
capacitors: harmonics and temperature. 
With more than 40 years of experience 
in power factor correction, and knowl-
edge of the related problems, CIRCU-
TOR has integrated an innovative 
monitoring system in the computer 
SMART III to ensure the best preven-
tive maintenance possible against this 
type of incident. 
The unit facilitates the implementation 
of two independent alarms, for temper-
ate (the device incorporates an internal 
probe to measure temperature) and/or 
current harmonics. Two thresholds are 
programmed in each of these alarms. 
With the first threshold, the limit for not 
connecting is set, i.e. the value (for 
temperature or THDI) from which the 

computer

Joan Auleda

Network Quality Division
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regulator will stop connecting more 
steps (since they could result in an 
increase in temperature or THDI). The 
programmable value of the second 
threshold marks the limit from which it is 
possible to disconnect the connected 
stages, which should reduce the 
existing values.
In practice, this monitoring system will 
prevent the premature deterioration of 
the capacitors due to overtemperature, 
or even protect the electrical system 
from hazardous harmonic resonance.

The computer SMART III also includes 
features that are already implemented 
in some older regulators in the CIRCU-
TOR range, including leakage measure-
ment, facilitating the disconnection of 
the affected capacitor and guaranteeing 
service continuity in the rest of the 

capacitor bank, and the autotest 
function, which checks the power of 
each one of the stages (thus eliminating 
the need for inconvenient measure-
ments with external current clamps).

In addition to these previously known 
features, it includes new features for 
supervising and protecting the capacitor 
bank. The backlit LCD screen allows 
rapid display of the capacitor bank 
status, as well as the installation's 
electrical parameters. It incorporates 
configurable percentage sidebars, 
which can be adjusted to current per 
phase, THDI or percentage of capacitor 
bank connected, thus providing, in a 
very visual and intuitive way, the status 
of the unit with respect to the pre-ad-
justed value.

Measurement equal to that of the company meter

Not only is SMART III an 
advanced reactive energy 
regulator, but it is also a 
powerful power analyzer that 
measures the installation's 
consumption and electrical 
parameters.

Analysis

Two thresholds are programmed in each 
of the alarms.
The first threshold marks the limit for no 
connection.
The second threshold marks the limit for 
disconnecting the connected stages.

1rst Limit

2nd Limit

1 2

(1) No connection
(2) Disconnection

Tª (ºC)
THDI

Time

 • Smart compensation
 • Measurement in 1 or 3 phases
 • 4 objective cosφ
 • Configurable alarms
 • Built-in communications system

Compensation

Computer SMART III uses 
CIRCUTOR's unique leakage 
measurement system, which 
disconnects the affected 
capacitor and guarantees 
service continuity for the rest of 
the capacitor bank.

Protection
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First regulator on the market 
with a configuration of up to 4 
objective cosφ with 2 digital 
inputs (for applications with 
differences in time slots or with 
a generator set).

4 objective cosφ

It also has an exclusive relay output for 
a ventilator (incorporates LED with its 
own status) that can be connected to a 
temperature and prevent the unit from 
overheating, and up to 17 completely 
configurable alarms for the parameters 
measured, connected to its own 
signalling LED and a switched relay 
contact, all of which are significant 
advantages for ensuring maximum 
service continuity in compensation.

The computer SMART III also includes 
the option to configure each of the 
stages to AUTO/ON/OFF. This applica-
tion includes the significant new feature 
that the ON configuration does not 
affect the measurement of the stages 
regulated (available in AUTO mode). 

This allows the option to add fixed 
compensation (for example, for the 
power transformer) in the unit without 
the need to prepare a second power 
supply and eliminates the need for a 
second independent unit, thus simplify-
ing the assembly.  

All of these high-performance features, 
along with simple programming using 
the Plug&Play system (which allows you 
to configure the entire unit by pressing 
just one button) make this the ideal 
regulator for any installation that 
requires flexibility in compensation, 
analysis of the installation's electrical 
parameters and consumption, and 
ensures preventive maintenance at an 
affordable price, to suit all budgets.»

Harmonics Alarm 
Indicates the risk of the presence of 
harmonics in the installation, programming 
the connection or disconnection of 
capacitors to eliminate resonance.

Temperature Alarm 
The built-in relay and thermostats facilitate 
the setup of temperature alarms, thus 
avoiding the installation of external units.

Operations alarm
The alarm for the number of operations per 
stage  
warns of the need to implement preventive 
actions.

Capacitor supervision
The [test] function checks capacitors for a quick 
analysis of their power. It eliminates the use of 
external power analyzers, current clamps, etc.

17 configurable alarms that improve preventive maintenance

Alarms and Supervision

ºC

The ON/OFF/AUTO configura-
tion of each one of the stages 
of the automatic capacitor bank 
can be used to select a step for 
the fixed compensation of the 
power transformer, not consid-
ering the value of this stage 
when compensating all other 
loads. This means that a fixed 
set independent of the auto-
matic capacitor bank does not 
have to be installed.

Simplification of fixed 
compensation operations

ON AUTO

OFF
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Company

New web site distribution, new content
www.circutor.com

We are constantly working on our web 
site to include not just our portfolio of new 
products but to provide our customers 
with as much information as possible.

This ranges from success stories to new 
videos showing the programming and 
installation of units, and we are currently 
expanding the list.
We also include the schedule of confer-
ences that we offer in two formats: 
face-to-face and on-line.

To receive our magazine or newsletters, 
subscribe to the web site.

We hope that you are pleased with this 
update and we urge you to put forward 
ideas or comments so that we can 
continue working for you. Please send an 
email to: comunicacion@circutor.com

The new website 
includes a section 
called PRACTICAL 
TRAINING, unit 
programming and 
installation videos 
and we continue to 
add more content.

The success stories 
can be found under 
the SECTORS/
REFERENCE 
APPLICATIONS 
section

You can subscribe 
on-line if you wish to 
receive our 
magazine or 
newsletters

Schedule of conferences 
that we regularly offer 
face-to-face or on-line

As well as unit 
programming videos 
we are also working 
on other interesting 
topics which you can 
watch on the 
YouTube channel 
CIRCUTORoficial

CIRCUTORoficial
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