Journal of Optoelectronics Engineering, 2017, Vol. 5, No. 1, 1-6
Available online at http://pubs.sciepub.com/joe/5/1/1
©Science and Education Publishing
DOI:10.12691/joe-5-1-1

Analysis and Design of a Power Consumed Limiter:
Case of the Customers of National Society of
Electricity of Congo/Likasi Town
Kankolongo C. Kambaya1, Katond JP. Mbay2, Diambomba H. Tungadio3,*
1

Department of Electronics, Institut Supérieur de Pédagogie Technique, ISPT/Likasi, DRC
2
Department of Electro-mechanic, University of Lubumbashi, DRC
3
Department of Electrical, Electronics and Computer Engineering, University of Pretoria, South Africa
*Corresponding author: tutudiambomba@yahoo.fr

Abstract This article presents the fundamental interests and a design of a power limiter that allow the limitation

of active power consumed by subscribers of a company that provides electrical power. It allows the National
Company of Electricity (SNEL) to fix a power in kW subscribers, after determining their consumption. If a
subscriber exceeds the subscribed or contracted power, electric power is cut off for five minutes. Upon resumption,
if the subscriber has not decreased its consumption in less than a second, electric power is interrupted again;
interruptions will not cease until the subscriber will not reduce consumption.
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1. Introduction
The flat-rate pricing, fraudulent connections, lack of
awareness of SNEL subscribers in the operation of electric
power are some problems that research in this article will
help solve. In the field of current limiting, many devices
exist. They range from regulated system to other methods
(compensation series superconductors, fuses,…) [1-9].
Unlike fuses, circuit breakers, conventional pyrotechnic
limiters, and superconducting fault current limiters based
on the transition from the superconducting state (R=0) to
the resistive state [10,11,12,13]; our limiter fixed current
limit is not exceeded, and if this limit is reached it will
follow an interruption; recovery will occur automatically
if the charge is downgraded. The permanent increase in
electrical energy requirements, both in quality and
quantity, causes growth of the power of the installed
equipment [14-20] where the interests of the power
limitation.
Since the time of the Zairianisation, where the
management of public companies in our country has gone
national, SNEL connect new subscribers without meters.
However, in the case of current claims, some subscribers
are provided with the meters at their request, the meter
being electromechanical an agent must periodically come
to take the consumption index to establish the invoice
[21,22,23,24]. But as the means of SNEL is limited, some
customers are paying their own meters. Some timers
placed with former subscribers are damaged, others are
not calibrated, and others burned following the increases

in load among subscribers. Due to lack of electric power
meters for ordinary subscribers SNEL, it proceeds to the
flat rate of the electrical energy consumed by subscribers.
To do this, after a period of 5 years, SNEL organizes itself
to identify the receptors in certain subscribers to estimate
the power they consume. Thus we speak of the estimated
or flat rate. This estimate is made on part of consumers.
Thus subscribers located in downtown are classified into 2
residential tariff (Tariff 34); those located on the outskirts
of downtown neighbourhoods are classified into
residential pricing 1 (Tariff 33) and those located at the
end of the city are divided into social tariff (Tariff 32). In
fact, the pricing longer reflects the geographical location
of subscribers, instead of being aligned with the electrical
power they consume.
A fraudulent connection is the one that is not officially
recognised by the provider (SNEL). Since the electricity
pricing are fixed, the cost of the bill is not related to the
consumption of electricity, some official subscribers
(those who are recognised by the SNEL) connect their
neighbourhoods without the knowledge of SNEL. All
subscribers not recognised by SNEL are fraudsters, and
the electrical wires that link them to the SNEL network
are called fraudulent connections (the electricity theft) and
constitutes an act contrary to the law. The fraudsters are
paying their energy consumption to the official
subscribers this constitutes a shortfall for the SNEL.
This article allows SNEL subscribers not to exceed the
power subscribed by it, so to avoid the estimated pricing,
fight against fraudulent connections, and get subscribers to
the behaviour of the alternate use of household electrical
appliances with high consumption. The rest of this paper
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is organized as follows: In section II the materials and
methods used for this study system are explained. Section
III gives the results. A detailed discussions constitutes the
section IV. Finally, the conclusion of the work is
summarized in section V.

2. Materials and Methods
A. Materials
To realize the model of the limiter, we used electronic
components, measurement devices and receivers.

B. Methods
To gather information on consumption and pricing of
electricity, we made visits to various departments of the
SNEL/LIKASI, and review the electrical power limiters.
We interviewed the staff of the distribution network of
SNEL/LIKASI during the period from July to September
2015. We then compared the power consumed by
subscribers of SNEL to billing demand, and we also
observed how subscribers SNEL/LIKASI behave when
billing. To design the power limiter, we conducted by the
experimental method, using a model developed the power
limiter. In our testing, we powered through the limiter the
receivers, we identified the different power values which
the limiter has responded.

3. Results
The power limiter design was based on the following
electronic circuits:
• The rectifier-filtering: which allows to supply the
limiter circuit with a stable voltage and provides the
electrical power necessary for its operation;
• The pre-amplifier and the regulator: it is not
supplied (attacked) by an alternating signal to be
amplified, but amplifies all variations when there is
variation of the supply voltage, following an
overload downstream of power limiter. The adjuster
which is nothing other than a potentiometer, is used
to adjust the current (load) from which the
preamplifier transistor reacts;
• The timer: constituted by capacitors and resistors,
allows to keep the electrical energy, to control the
circuit located downstream, even if upstream the
transistor is blocked, because the pulse that causes
the overload is too short;
• The electromagnetic relay: this allows to make the
interface between the power limiter and the electrical
circuit of the subscriber by performing the galvanic
isolation, because the system studied is powered by
a DC voltage of +/- 12V DC, while the subscriber's
electrical circuit is powered at 220V AC.
The operation of the whole is given in the discussion. In
this experiment, we have reached the electronic diagram
of Figure 1.
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Figure 1. Diagram of power limiter
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Figure 2. Power Limiter and Step-down Transformer

Figure 3. Power Limiter and Device Receptors

In Figure 2, we find the power limiter and its step down
transformer.
In Figure 3, the power limiter is presented with
connections to several receivers.
The lamp was used in parallel with the circuit and the
charges for powers from 850 to 2500W, for potentiometer
values ranging from 18 to 100 kW; the potentiometer 100
kW, the limiter is sensitive to low powers: he reacts to
powers less than 850 W; the limiter has responded to a
resistance value of the potentiometer 18 kW, in keeping
the power of receivers in our disposal. Over the resistance
potentiometer decreases, the limiter is activated by a great
power.

4. Discussion
A. Power Consumption and Billing
a. Pricing Based on Subscribed Power
The pricing of the electricity from SNEL are very
flexible and varied according to the consumers. All the
consumers are divide into categories according to the

technical gene of the power demand. The low voltage
subscribers are split into two classes, namely:
• Ordinary low voltage consumers: which are categorised
according to the energy they consume for one
month and are classified into three tariffs;
• Basic low voltage consumers: constituted by the
owners of bakery, mill, cold room, those using
motors, hotels, shops (code 36 and 37).
The low voltage consumers are categorised as follows:
• Tariffs 32 or social: for those consuming less than
100 kWh;
• Tariffs 33 or residential 1: for those consuming
between 101 to 600 kWh;
• Tariffs 34 or residential 2: for those consuming
more than 600 kWh;
• Tariffs 36 or basic low voltage consumers using motors;
• Tariffs 37 or basic business low voltage consumers.
The power demand for Tariffs 36 and 37 are the same
but the cost of consumption depends on rates in kWh.
b. SNEL Billing
As mentioned above, for the pricing of type of
subscribers and their tariffs, the billing obeys also to this
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principle while giving the cost of rates in kilowatt-hours.
The cost of rate is fixed by the SNEL direction according
to the variation in the rate of US dollars in referring to the
Commercial Bank of Congo (BCDC). In April 2016, the
rate was 963.86FC (FC: Congolese Francs) and for may
2016 was 970.13FC (equivalent to 1US $). For this study,
the month of may was taken as sample because of the
simplicity of the verification of evolution of tariff rates.
Table 1. Pricing for domestic low voltage, residential, motors users
and business owners
Ordinary Low Voltage
Tariffs

Rate in kWh/month

FC/month

32 or Social

1 to 100

2571.01

1 to 100

38.65

33 or Residential 1

34 or Residential 2

101 to 200

38.23

201 to 300

37.84

301 to 400

37.45

401 to 500

37.06

501 to 600

36.67

1 to 600

86.15

601 to 800

85.28

801 to 1000

84.41

1001 to 1200

83.53

1201 and more

82.66

Basic Low Voltage

36 or Motors users

37 or Business Owners

1 to 50

7325.33

51 to 200

146.51

201 to 500

144.58

501 to 1000

143.62

1001 to 1500

141.62

1501 and more

140.72

1 to 50

5349.45

51 to 200

106.99

201 to 500

106.02

501 to 1000

105.06

1001 to 1500

104.10

1501 and more

103.13

Suppose a subscriber has consumed 470kWh a month.
The pricing structure of its consumption will deducted as
follows:
• Tranche of consumption in kWh
As indicated in Table 1, this subscriber is in tariff
33, its monthly consumption is less than 600kWh
and its consumption varies from 401 to 500.
• The cost in FC of kWh consumed is deducted as
follows:
From 1 to 100 = 38.65FC → 38.65 x 100 = 3865FC
From 101 to 200 = 38.28FC → 38.28 x 100 = 3828FC
From 201 to 300 = 37.84FC → 37.84 x 100 = 3784FC
From 301 to 400 = 37.45FC → 37.45 x 100 = 3745FC
From 401 to 500 = 37.06FC → 37.06 x 100 = 3706FC
The total gives: 18,928FC (VAT included).
This is the amount that this subscriber will pay for its
consumption of 470kWh.

B. Operation of the Limiter
The limiter is installed after the switch SNEL of
subscribers, it is provided primarily an adjuster

(potentiometer) for fixing a power that the subscriber
cannot exceed. If the power consumption becomes greater
than the fixed power, electric power is interrupted at the
customer for five minutes. Unlike the current limiting
inductive superconducting fault, where one seeks the rapid
limit fault currents [25-36].
The transformation ratio of a transformer being
constant, when you plug a high load on the line, there is
decrease in power at the primary and secondary; the value
of the voltage at the rectifier output also decreases.
Depending on the value of preamplifier basis of resistance;
the transistor thereof or conduit remains blocked, the
potentiometer allows adjustment of the resistance at which
the transistor conducts; by setting its value, adjusting the
value of the power from which the limiter responds.
If the preamplifier transistor conducts, the diode D1 is
conducting, the capacitor C sets a delay in the conduction
of the second transistor after the saturation of the latter the
photodetector device is supplied and supplies the second
timer; its transistor, by saturating feeds the
electromagnetic relay. It draws its contact to the position 1,
the power is off in the subscriber circuit. But as the
capacitor of the second timer keeps a load, the transistor
of the second timer and the relay placed in its collector
remain powered, after five minutes, the capacitor loses its
charge, the transistor of the second timer is blocked again,
the relay is turned off, as there is no power, the coil is no
longer excited, the relay contact is no longer attracted and
resumes its rest position. Power is restored in the
subscriber circuit, but if the device (or devices) that has
(have) caused (s) the voltage drop is (are) always
connected (s), in a few milliseconds the limiter is new, and
the electric power is interrupted again, electric power will
be stable only when the subscriber has reduced its load by
disconnecting the (s) unit (s) to strong (s) consumption.
Another important feature of the power limitation is their
response time should be as short as possible [37].
The potentiometer sets the value not to exceed not turn
on the limiter. In fact, it is he who makes it possible to
share the limiter setting the value of the resistance, and
thus the tension that allows the first transistor to drive.
More the resistance value of the potentiometer, the greater
the limiter is switched on by low power, because a great
resistance creates a voltage drop, thereby allowing the
transistor of the preamplifier driving quickly; while a
small resistance creates a lower voltage drop, so in this
case, the limiter responds to big powers.

C. Electrical Power Quantified by SNEL
We speak often of watts (W), kilowatt (kW), watt-hours
(Wh) and kilowatt hours (kWh) without necessarily fully
understand what it is. Here is a little reminder of the
meaning of these units. A watt is a unit of power. It
expresses the instantaneous energy power used by a
device. Kilowatt is a multiple of watt. 1 kilowatts,
equivalent to 1000 W; therefore a device that consumes
one kilowatts used 1000 W (1000 joules per second). The
watt-hour allows for him to measure the energy consumed
over a given period (1 hour) by a device consuming 1 W.
The kilowatt hour is the multiple. It corresponds to the
energy consumed in 1 hour by a unit displaying a
consumption of 1000 W [38].
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Despite a fixed price, without meter, charging the
electric energy consumed by subscribers of SNEL is based
on an estimate; customers SNEL therefore have no interest
in rational use electricity because they have nothing to
lose. In addition to some customers of SNEL do not
hesitate to be distributor by working to fraudulently
connect some of their neighbors; this is a loss for SNEL.
Other simultaneously use multiple electrical appliances to
high consumption, instead of alternate employment.

D. Power Consumption by Customers of
SNEL
We wanted to compare the consumption of some
appliances, especially to know what cost this represents
the monthly electric bill? Obviously, some factors are
likely to vary power consumption of the devices. The
composition of a family is an alternative to be considered,
including the use of appliances such as irons or hot water
heater, requiring more use cycles in a large family. For
information, here in Table 2, the average power in watts
and estimated for different devices:
Table 2. Estimated Power of Different Appliances
Appliance

Medium Power

Maximum Power

Fridge 50L

100W

300W

Fridge 200L + Freezer

300W

700W

Hotplate

150W

---

Electric Oven

2500W

---

Microwave

800W

---

Coffee Maker

1000W

---

Mixer

200W

500W

Fountain Water
Heating/Refreshing

400W

1200W

Iron

1000W

---

Mobile Phone Charger

5W

---

TV CRT

10W

100W

TV LCD

5W

200W

TV Plasma

5W

300W

PC + CRT

50W

150W

PC + Flat Screen

5W

80W

Laptop

5W

30W

Printer-Copier

10W

800W

Scanner

10W

600W

WIFI Router

5W

---

Fan

50W

60W

Air Conditioner

500W

1200W

These data are only indicative since it is estimated that
average. The real power of the appliance in question is
indicated on the nameplate or it’s manual. On the basis of
the second table, it is difficult to reach 5 kWh (5000Wh)
in domestic pricing, when rationally operates the electric
current. The power limiter will significantly reduce power
consumption and cost of monthly bills subscribers SNEL.
Power can be limited to the example of Belgium minimum
Power: 2300W (230V=10A). Placement/Removal: the
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responsibility of the group SIBELGA [39]; but the group
SIBELGA limiter is activated manually in case of
interruption. In addition, all electronic components to
achieve our limiter only worth 12,000 Fc (≈13 $).
The power limiter also helps fight against faults, short
circuit currents are harmful to the network or for thermal
reasons (fusion drivers, degradation of insulation) or for
mechanical reasons because of induced deformations by
electromagnetic forces, either for reasons of cost as they
contribute to premature aging of the material [40-47].

5. Conclusion
This article has focused on the design of an electronic
circuit to limit the power consumed by customers of
suppliers of electric power for the reasons outlined in the
introduction. The limiter model designed to work well in
the laboratory, it only remains to the test at a subscriber.
Indeed, the limiter has responded to the charges for power
ranging from 850W to 2500W. The survey shows the
existence of loads up to 10000W in the semi-industrial
domestic pricing SNEL/LIKASI. But the electromagnetic
relay of our limiter is limited to 3750W; it must be
replaced for higher loads. Our limiter has been tested in
single phase; for a three-phase installation, three single
phase transformers connected together to form a threephase transformer and a three-phase electromagnetic relay
will be necessary. In these pages we have not addressed
the protection of our power limiter after installation. The
power limiter can be used by all electrical energy
suppliers; it can be used to subscribers that have an
electrical energy meter for helping controlled their
consumption.
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