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Abstract

Today, energy is a vital component in the functioning of a hospital. Hospital
technical facilities have several types of technologies, these include appliances
for use; examination apparatus. So, for Quality Health Care in a hospital,
there is a need to ensure the proper functioning of hospital equipment. In ad-
dition to the required maintenance as specified by the device manufacturer,
the quality of the electrical energy across the device must be ensured. This ar-
ticle is an analysis of the quality of electric energy at the substation of Nation-
al Hospital of Niamey. Thereby, the data collection, followed by the data
processing and analysis revealed the parameters characterizing the quality of
electrical energy across the substation. Our studies have shown that the subs-
tation is underutilized as the maximum inrush current is less than half the
available current. The current was consumed by the three phases has resulted
in a strong current unbalance (230 A). However, the current unbalance and
the voltage amplitude, are admissible accordingly base on EN50160 standard.
Furthermore, the harmonics voltages present in this medium are in the ac-
cepted range (1.8%) according to IEEE 519 standard. However, the funda-
mental frequency does not meet the standard, but the difference obtained has
no adverse effect.
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1. Introduction

Today, most African countries face a significant lack of access to quality electric-
al energy. Indeed, in fact, the problem of electric energy distribution in Africa is

characterized by poor energy management [1]. This makes it difficult to guaran-
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tee a permanent balance between supply (production of electricity) and demand
(subscribers).

Niger has great potential for primary energy (uranium, oil, coal, etc.) but still
enables to ensure quality and sufficient electric energy [2] [3]. There is also an
increasingly seeing significant use of non-linear loads in the domestic, industrial,
and hospital sectors. Which include: laundry machines, X-ray equipment, oper-
ating room equipment, screen televisions, air conditioners, mobile phone com-
puters, etc.

In hospitals, almost all activities depend on electricity. This is due to medical
activities (examinations, consultations, and oxygen production). Thus, energy is
an essential element in running a hospital [4].

These loads are sources of energy quality distortion since even if the supplied
voltage to these devices is sinusoidal; the current absorbed by this electrical
equipment is not [5]. Also, to ensure good patient care, or simply put for a qual-
ity health care system, one must necessarily ensure a continuous supply of qua-
litative electrical power across hospital devices.

Indeed, several studies and research have been carried out regarding quality
improvement from electrical supervision, to the use of disturbance correction
techniques, then the use of artificial intelligence, finally to the application of
energy transition [6].

In [7], the existence of electrical harmonics in the hospital domain is proven.
This disturbance is but one factor in the deterioration of the quality of the elec-
trical energy.

The benefit of this article lies in the establishment of a diagnosis regarding the
quality of power supplied to Amirou Boubacar Diallo National Hospital of Nia-
mey. For this, a computation for the electricity quality assessment will be, this
theory will help to better control the measured electrical variables with FLUKE
1735 power analyzer, then the measurement techniques used for the data collec-
tion and processing be specified, finally the article will match the results to be

analyzed and interpreted.

2. Theory on the Quality of Electrical Energy

The concept of the quality of electrical energy is diverse. This is why there are
different definitions depending on the problem that the author encounters in his
relevant network. The most complete definition is that which will take into ac-
count all the electrical disturbances that may alter the contractual values set as
standard. Thus, one can say that the quality of electricity is defined by four dif-
ferent concepts but all together at a time: supply continuity, voltage wave quali-

ty, stability of the frequency and voltage balance [8].

2.1. Network Quality Standards

The EN 50160 and IEEE 519 standards respectively specify guidelines on the

magnitudes of voltages and permissible harmonic content in the network distri-
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butions low and medium voltage [9].

2.1.1.EN 50160 Standard
This standard sets the quality of the supply voltage provided mainly by four
electrical variables (the rms value, the unbalance, the frequency and the rate of
distortion) [8].

1) The voltage effective value

Like other indicators, voltage characterizes the correct functioning of a power
source in amplitude. Across this power source must be acceptable values for the
correct operation of the devices connected to it. The low voltage that corres-
ponds to the electrical distribution network is either evaluated as phase-to-phase
(phase-phase) or single (phase-neutral) voltage. For phase-to-neutral voltage,
EN50160 standard sets the admissible level of rms voltage at 230 V + 10%. The

latter is based on:
Voo = ljvz dt (1)
RM. T 4

2) The voltage unbalances
There is voltage unbalance in a distribution network when the voltages sup-
plied across the generator do not have the same effective value at a time. Note
that this voltage unbalance is mainly caused either by a network line impedance
asymmetries or current inequalities in distribution lines. The permissible un-
balance rate on low voltage networks must be below 2% according to EN 50160
standard, the unbalance is calculated by applying the following formula [9]:

max (¥, -V,,)

DU = V—

av

)

V. beeing the phase voltage i and i =1,2,3 for a triphase system.

3
2.7

Vi = 3

3) The frequency

In case of electricity production by an alternator, it is necessary to keep the
frequency of the synchronous power source at a fixed value, if not the electrical
device will attend premature deterioration. The frequency of a power source is
defined by the number of cycles per second. It is limited to 50 HZ * 1% accord-
ing to the European Standard.

4) The voltage distortion rate

The Total Harmonic Distortion is calculated using Equation (3) [7]:

n=w ., 2
anz Y”

1

THD (%) =100 3)
The contractual value of this rate depends on the load and the electrical sys-
tem. For a study purpose at the global node, IEEE 519 standard sets the distur-

bance limit.
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2.1.2. IEEE 519 Standard

For the low voltage network, contractual values are fixed by IEEE std 519 to
prevent harmonic disturbances effects. Thus, the limits of the Global Harmonic
Rate in a 120 V to 69 kV voltage in a distribution network in a hospital envi-

ronment is limited to 3% [7].

2.2. Principle of Data Acquisition

The choice of the site for evaluating the quality of the electricity is determined by
the voltage supply node, in the case of Amirou Boubacar Diallo National Hos-
pital, the corresponding node is the secondary of the transformer substation.
The technical specifications thereof are specified in the following Table 1:

The coupling of this transformer being Triangle-Star, hence for a reliable

study on the substation, the required connection is as illustrated in Figure 1.

3. Results

The curves of the main parameters in the diagnosis of our hospital site are the
result of a four days long data collection process. Ultimately, the results in this
article will be interpreted in accordance to the above detailed EN 50160 and
IEEE-5019 standard.

Table 1. Technical specifications of the substation.

Characteristics Values
Apparent power 1000 KVA
Short-circuit voltage 5%
Coupling Dynll
Primary voltage 20 KV
Secondary voltage 400 V
Frequency 50 HZ
Secondary current 1443

L1_(: N\ 112 13 N
L2 bt (\Lz -
N/ A\

L3
N / K:/ N
_J

Figure 1. Connecting the analyzer to the substation secondary.
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3.1. Phase-to-Phase Voltage Profile

The voltage curves are as follows:

Figure 2 shows a phase-to-neutral voltage measuring result carried out on
four days period. Looking at the curves in Figure 2, it’s clear that on the three
phases the variations are identical and have similar behaviors (cuts and instabili-
ties of the voltage amplitude), which by the way actually proves what has been
mentioned earlier (the facility is supplied by the same substation). Furthermore,
voltage fluctuations evaluated are represented in Figure 3. Compared to the
contractual values (£23 V) of EN50160 standard (the determined deviations are
admissible except for a case recorded in the morning).

The experienced voltage fluctuation is due to the use made (power consump-
tion) on this substation. As a result, the currents trend curve analysis Figure 4

will help to better understand these voltages voltage.

3.2. Current Profile

In Figure 4, the curves showing the effective current values reveal two peaks of
consumption (maximum and minimum) during the day.

The maximum peak of the site’s daily consumption was recorded around
midday. The level of this current is not the same on the four power lines, the
Table 2 summarizes the corresponding values by phase.

The first obvious interpretation to be inferred from this table is that the
maximum electric currents through the three phases do not occur at the same
times. This is due to the distribution of devices according to the department spe-
cialty. These include Emergency department and operating theaters. Also, in ad-

dition to the medical analysis and examination devices, there are energy-

waww\, W NS wﬁwww\!wmwﬂ,w
== Une période Min
e—une périod'e”Max”

240

§180

&
- 120

60

I N S R | A A W WP VS k»—uww«/««w«vv—vwvwww

0

25/9

Figure 2. Shapes of phase-to-neutral voltages.
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Figure 3. Deviations of the voltages measured from the nominal voltage.
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Figure 4. Trends in electricity consumption.

Table 2. The currents maximum values in the phases.

Lines Variables Sunday Monday Tuesday
I, (A) 500,727 599,318 602,864

Phase 1
T, (h:min:s) 2:09:12 (Pm) 12:22:32 13:25:52
1, (A) 420.408 468.955 568,364

Phase 2
T, (h:min:s) 2:15:52 (Pm) 11:47:32 11:10:52
L, (A) 500,727 627,545 617,727

Phase 3
T; (h:min:s) 2:07:32 (Pm) 11:50:52 12:42:32
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consuming equipment (splits and air conditioners) during this period which
happens to be break time. At 4 p.m., the curves decrease over all the phases until
the next day around 7 a.m., this is the period at which happens the second chan-
geover corresponding to low consumption (see Table 3). After this switch point,
a new current increment begins until the first peak (end of 24 hours cycle).
Regarding the neutral currents from Table 4, it appears that the load distribu-
tion is not balanced and strong neutral currents increase the overheating (insu-
lation) of the transformer, therefore premature aging of this element [10]. How-

ever, it can be mitigated using unbalance compensators [11].

3.3. Voltage Unbalance

The calculated voltage unbalances are shown on the curves in Figure 5.

Throughout the measurement period, the unbalance rates recorded are lower
than the EN50160 nominal rate (2%). These results can be explained by the fact
that the maximum current consumed on this substation is approximately 43% of
the available secondary current. So, the cause of this voltage unbalance (the neu-
tral current) is subjected to a high impedance of the transformer.

Although voltage unbalances do not significantly impact the voltage ampli-
tude, the current unbalances shown in Figure 6 are significant since they exceed

the typical values required by IEEE 1159 2009 standard.

3.4. Frequency

The synchronism of the power generation source powering the hospital center
via the substation is shown in Figure 7.

The temporal evolution of the frequency is characterized by two patterns: it is

Table 3. The minimum values of the currents in the phases.

Lines Settings Sunday Monday Tuesday
I, (A) 160,364 154,364 128.182
Phase 1
T, (h:min:s) 05:37:00am 06:00:52am 06:30:32am
1, (A) 132.818 153.409 145,500
Phase2
T, (h:min:s) 04:40:52am 06:1 7:32am 05:30:52am
I, (A) 183.545 216.409 172,092
Phase3
T, (h:min:s) 07:49:12am 07:00:52am 07:04:12am
Table 4. The maximum and minimum values of the neutral currents.
Lines Settings Sunday Monday Tuesday
Iy (A) 189,680 230 202,909
Maximum
Ty (h:min:s) 0:57:32am 1:00:52pm 3:30:52pm
Iy (A) 23.045 23,000 17.864
Minimum
Ty (h:min:s) 07:49:22am 04:49:12am 07:02:32am
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Figure 5. Voltage unbalances rates.
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Figure 6. Current unbalance rates.
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Figure 7. Variation of the measured minimum and maximum frequency.
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asymptotically stable at the start of the day and unstable over the remaining
hours. It will be too early to explain these frequency patterns without a glance to
the corresponding harmonic level (Figure 9), since it is the main disturbance
that directly affects the pitch. However, an assessment of the admissible fre-
quency range is possible with the help of Figure 8, illustrating the recorded fre-
quency tolerance ranges and the EN 50160 standard. The frequency of the vol-
tage distributed to the site fails to be of acceptable quality.

3.5. Profile of the Harmonic Rate in Voltage and Current

Indeed, by analyzing, the curves of Figure 9 representing the harmonic level of
voltages and currents. It appears that the low levels of these variables correspond
to the period of pitch stability and the important THD takes shape in the time

intervals of the identified frequencies instability.

1.54 .
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Figure 8. Deviations of minimum and maximum frequencies from the nominal frequen-
cy.
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Figure 9. Profile of the harmonic rate in voltage and current.
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4. Conclusions

The diagnostic of the quality of the electric power distributed to Amirou Bouba-
car Diallo National Hospital Center was carried out on four indices: the ampli-
tudes of the voltage, the voltage unbalance, the stability of the voltage frequency,
and the form of voltage waves. The effective values of the voltages are unstable
but fall into the tolerance interval set by the EN 50160 standard. The voltages
unbalance is also acceptable but the currents unbalance is very important rang-
ing from 4.25% to 46.38%. This fact can be explained by the low utilization rate
of the electric transformer, which is around 43%.

The frequency deviation is very critical, with a 1.5 Hz exceedance. This greatly
exceeds the deviation fixed by the standard. This article also made it possible to
observe that large differences in fundamental frequency occur at the same time
periods as large harmonic distortion rates. These THDs are eligible base on
519.Std IEEE standard.

Another contribution of this work lies in the fact that the recorded electricity
consumption corresponds exactly to the work schedules in this hospital center.
So, it will be very important to develop an intelligent system to assess health care

workers’ electricity consumption.
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