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Abstract—The article discusses the issue of measuring electrical 

energy consumption. Measurements and analyses of power 

consumption by selected receivers and electrical circuits are 

described. The measurements were carried out in selected 

university campus buildings. The authors included statistical data, 

also broken down by working period and time of day. Averaged 

charts are presented on a daily and weekly basis. Knowing the 

receivers on individual circuits (and their applications), attempts 

were made to analyze consumption and the possibilities of reducing 

electricity consumption. The paper also includes analyses related 

to further work and the possibilities of using the data collected 

from the energy consumption measurement in other applications 

and research. 

 

Keywords—energy consumption; measurement system; energy 

measurement; public building; energy consumption reduction; 

energy consumption optimization 

I. INTRODUCTION 

lobal “eco” trends focus on many aspects of 

environmental protection, with one of the most significant 

being the minimization of electrical energy consumption [1]-

[5]. Despite years of efforts to increase the share of so-called 

green sources of electrical energy, in many regions of Europe, 

electricity is still largely generated by conventional coal power 

plants [6]-[8]. This is particularly noticeable in Central Europe, 

including Poland [9]-[11]. The current geopolitical, energy, and 

financial situation in Europe also necessitates the introduction 

of generally understood savings in the consumption of 

electricity. Electricity consumers can be informally divided 

into: 

− residential consumers (households), 

− commercial consumers (companies and businesses), 

− industrial consumers (large industrial plants), 

− state consumers (public institutions). 

In many respects, it is beneficial for all public institutions, as 

public utility units, to particularly limit their consumption of 

electricity. The key benefits include: 

− reduced financial costs (less budget burden), 

− improved public image, 

− setting a so-called good example, 

− protection of the natural environment, 

− real awareness and demonstration of benefits among the 

employees of the unit. 

Public units are often very extensive, which translates into the 
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use of many different electrical energy receivers and, 

consequently, significant energy consumption. 

The article presents the results of measuring electricity 

consumption at the University of Technology, which is located 

in central Europe. This unit is a state higher education institution 

funded by public funds. Detailed measurements and analyses 

concern selected receivers (circuits). In subsequent sections, the 

used measurement system is described (Section 2), the results 

of measuring selected supply lines are presented (Section 3), 

and they are discussed and possibilities for reducing energy 

consumption are indicated, and potential savings are estimated 

(Section 4). Section 5 also proposes further research and other 

possibilities for using energy consumption measurements of 

selected devices. Section 6 is a summary. 

II. ENERGY MEASUREMENT AND MEASUREMENT SYSTEM 

The article concerns the general measurement of energy 

consumption by common commercial receivers. Therefore, the 

measurement will pertain to power supply lines of periodically 

variable electric current with parameters according to the PN-

EN 60038 standard (IEC 60038) [12], [13]: 

− frequency: 50Hz (+0.2Hz, -0.5Hz, i.e., 49.5Hz to 

50.2Hz), 

− effective voltage: 230V (±10%, i.e., 207V to 253V). 

In the case of mains power supply, the power measurement can 

relate to active power, reactive power  and apparent power [14] 

respectively: 

 P=UIcos(φ)[W], (1) 

 Q=UIsin(φ)=XI2[Var], (2) 

 S=UI[VA], (3) 

where: U – effective voltage value, I – effective current value, 

φ – phase shift, X – reactance, cos(φ) = P/S – power factor, 

sin(φ) = Q/S – reactive power factor, W – watt, the unit of active 

power, Var – var, the unit of reactive power (Volt Ampere 

Reactive), VA – volt-ampere, the unit of apparent power. 

Active power can be defined as the power that is drawn by a 

connected receiver and converted into, for example, work or 

heat. Reactive power defines the amount of electrical energy 

pulsation due to capacitive and inductive elements present in 

receivers. Apparent power can be defined as the square root of 

the sum of the squares of active and reactive power.  

In the presented analysis, the focus is on the measurement of 

active power, which is typically provided to the average 
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consumer as the amount of energy consumed by a given device. 

It should be noted that in cases where the receiver is a resistor 

and does not contain reactance, the phase shift φ=0 and thus 

cos(φ)=1. At the same time, the active power Eq. (1) takes the 

form: 

 P=UI=RI2=U2R, (4) 

where: R – resistance of the receiver. 

The basic unit of energy (work), according to the SI system, is 

the joule (J), which can be represented as [15]: 

 1[J]=1[Ws], (5) 

 

where: W – watt, s – second. 

Eq. (5) describes the amount of energy used in one second by a 

device with a power of 1 watt [15]. For practical reasons, in the 

production and consumption of electrical energy, we usually use 

multiplied units, like: 

 1[kWh]= 3.61106[Ws]. (6) 

A. Measurement device and system 

Since the aspect of electrical energy consumption and 

optimization of associated costs has been undertaken for several 

years, many solutions are available on the market to perform the 

necessary measurements. Recent years have also seen the 

development of remote operation, wireless communication, and 

cloud (server) services, so many systems offer easy acquisition 

and access to data from any location using, for example, a 

computer or mobile phone. The following requirements were 

preliminarily defined: 

− data storage in the cloud and local database (depending 

on configuration), 

− measurement of at least 3 channels (phases) on one 

device, 

− wireless data transmission via WiFi, 

− non-invasive measurement, 

− possibility of installation in a standard distribution 

cabinet on a DIN35 rail, 

− integrated power supply for the digital part. 

After analyzing the current offerings of suppliers of electrical 

energy measurement systems, the decision was made to use the 

Zamel MEW-01 device [15]. The module is typically connected 

to the 3 phases of the power supply line (L1, L2, L3) and the 

neutral wire (N), while the measuring probes are attached to the 

same phases but specifically on the power supply lines of 

indicated circuits or devices. Zamel company provides the 

SUPLA software for operating the measurement modules. The 

basic functionalities of the software include: 

− counting the total consumed/returned active electrical 

energy, 

− a wizard to facilitate initial device configuration, 

− combined measurement as well as independent 

measurement on three phases, 

− displaying parameters for individual phases (voltage, 

intensity of active/reactive/apparent power, frequency, 

power factor (PF) of the phase angle of consumed and 

returned energy), 

− generating charts (energy consumption over time, 

comparisons of specific time periods, rankings, 

consumption by phases, balances), 

− recording measurement results in a database (MQTT 

communication), 

− data saving to *.csv files. 

In the SUPLA mobile application, it is possible to measure the 

current load on a given line in units [kW]. However, this 

measurement is not recorded, so its analysis over a longer period 

is not possible. The device records consumption in [kWh] for 

individual phases and collectively for all three. Subsequent 

records (measurements) are registered at equal intervals every 

10 minutes along with the measurement number, specific date, 

and time. From a single measurement, the cumulative energy 

consumed by connected receivers since the first activation of the 

measuring device can be read. The device functions like a 

classic energy consumption meter. The counted amount of 

energy is stored in non-volatile memory, so power 

disconnection does not reset its readings. After appropriate 

calculations, the average power consumed by the receivers in a 

specified time interval (typically 10 minutes) can be obtained 

from subsequent recorded measurements. 

III. ELECTRICITY CONSUMPTION AND POWER 

MEASUREMENT 

For safety reasons and the presence of sensitive information, 

only selected measurement data are presented in the article, 

without providing detailed information on the locations of 

buildings, receiving devices, and measurement points. The 

University of Technology, like any typical scientific and 

educational unit, consists of a complex of buildings with various 

purposes (education, scientific research, administration, 

technical maintenance, server rooms, etc.). The variety of 

receivers is also very large, e.g., computers and computer 

equipment, workstations, technical and laboratory equipment, 

small and large power tools, external and internal lighting, 

social facilities, etc. The fact of having many different receivers 

complicates energy consumption analyses, but ultimately may 

offer greater possibilities in determining potential energy 

consumption limitations. 

Five devices were available, allowing simultaneous 

measurement on a maximum of 15 single-phase lines (3 phases 

on each MEW-01 module). However, due to the specifics of the 

selected electrical distribution boards, it was not always possible 

to connect all three phases. In such cases, the measurement was 

performed on two or one phase. The measurement modules 

were connected as close as possible to the target receiving 

devices (or groups of receiving devices) in dedicated 

distribution cabinets. 

After preliminary analyses concerning energy receivers, the 

following measurement points (circuits) were identified: 

− P1 - elevator 1, 

− P2 - elevator 2, 

− P3 - server room (including cooling system), 

− P4 - IT team room, 

− P5 - campus printer (multifunctional device), 

− P6 - group of computer laboratories (2 laboratory rooms 

and a laboratory service room), 

− P7 - recording studio group and 2 computer laboratories, 

− P8 - general group (rooms - sockets, lighting), 

− P9 - general group (rooms - sockets, lighting), 

− P10 - general corridor group (sockets, lighting). 
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A. Measurement methodology 

Due to the number and diversity of receivers, the measuring 

devices were switched between different measurement points (a 

single measurement cycle lasted from 11 to 12 weeks). 

Measurements for individual phases are recorded at 10-minute 

intervals, but sometimes there were longer time intervals, e.g., 

during communication problems with the cloud database. 

Despite the potential absence of an entry in the database, the 

measurement of energy consumption (in [kWh]) was correctly 

performed. The device counted the consumed energy and, after 

establishing a connection to the network (database), recorded 

the current reading with the current timestamp. This made it 

possible to correctly calculate the average consumption and 

average power of the activated receivers. At the same time, 

measuring the consumed energy in [kWh] can be less intuitive 

than the direct amount of power consumed at a given moment 

in [kW]. For this reason, the average power consumption in a 

given time interval was calculated from the measurement data: 
 

 𝑃𝑖 =
𝐸𝑖−𝐸𝑖−1[𝑘𝑊ℎ]

𝑡𝑖−𝑡𝑖−1
60

[ℎ]
 (7) 

 

where: Ei – reading number i from the energy consumption 

meter, Ei-1 – reading number i–1 from the energy consumption 

meter, ti – timestamp for measurement number i, ti-1 – timestamp 

for measurement number i–1, ti-ti-1 – time difference between 

measurements number i and i–1 expressed in minutes (usually 

10 min). For each measurement point, about 11-12 thousand 

records were collected; presenting such a large number of 

results is practically impossible. In the case of electricity 

consumption, the typical cycle is repeated in daily and weekly 

periods. Therefore, from the collected data, the average 

consumption for a one-day and one-week time interval was 

determined. Due to the typical operation of the university on 

weekdays, the average results for the daily cycle were 

determined only from Monday to Friday. 

For each measured circuit, the following were determined: 

− M - the average for the full measurement cycle, 

− M7-16 - the average for the full measurement cycle on 

weekdays from 7 am to 4 pm, 

− M16-7 - the average for the full measurement cycle on 

weekdays from 4 pm to 7 am, 

− M7-21 - the average for the full measurement cycle on 

weekdays from 7 am to 9 pm, 

− M21-7 - the average for the full measurement cycle on 

weekdays from 9 pm to 7 am, 

− MW - the average for the full measurement cycle on 

weekends, 

− Mi - the average for the i-th week of measurement. 

The results were collected and presented in Table 1. Mi was 

calculated only for the next 10 weeks (i=1,…,10), as for selected 

points, the first and last week of the measurement were not 

always complete. 

B. Measurement results 

Below are the measurement results for the indicated points of 

electric energy consumption on the Campus. Due to the amount 

of data, the results are presented on appropriate charts (Figs. 1 

and 2). 

IV. ANALYSIS OF RESULTS AND POSSIBILITIES FOR 

REDUCING ENERGY CONSUMPTION 

The conducted measurements and obtained results are 

preliminary studies, so their analysis was carried out manually 

(without the use of dedicated software or computer algorithms). 

Individual conclusions are often also the result of analyzing the 

operating methods of selected receivers to determine the 

possibilities of limiting energy consumption. 

 

TABLE I  

DETERMINED AVERAGE AND CUMULATIVE VALUES FOR MEASUREMENT POINTS (CIRCUITS) 

Average power 

consumed [kW] 

Measurement point 

P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 

fr
o

m
 t

h
e 

en
ti

re
 

m
ea

su
re

m
en

t 

p
er

io
d
 

M 0,167 0,227 10,137 0,571 0,044 0,096 0,376 0,57 0,228 0,310 

M7-16 0,388 0,605 10,126 1,016 0,098 0,137 0,626 1,207 0,558 0,332 

M16-7 0,092 0,099 10,146 0,406 0,024 0,073 0,295 0,325 0,108 0,305 

M7-21 0,296 0,449 10,142 0,797 0,072 0,124 0,558 1,043 0,468 0,333 

M21-7 0,073 0,063 10,131 0,407 0,024 0,059 0,224 0,113 0,010 0,291 

MW 0,078 0,072 10,133 0,412 0,024 0,094 0,266 0,356 0,104 0,298 

i-
th

 w
ee

k
 

M1 0,184 0,252 10,382 0,570 0,043 0,128 0,566 0,766 0,360 0,174 

M2 0,177 0,246 9,774 0,661 0,046 0,140 0,484 0,919 0,370 0,273 

M3 0,184 0,253 10,401 0,660 0,045 0,153 0,399 0,694 0,317 0,306 

M4 0,178 0,249 9,635 0,614 0,043 0,102 0,521 0,585 0,231 0,315 

M5 0,189 0,262 10,547 0,573 0,042 0,125 0,386 0,689 0,251 0,336 

M6 0,158 0,210 9,525 0,572 0,038 0,030 0,205 0,267 0,078 0,326 

M7 0,128 0,161 10,500 0,493 0,049 0,028 0,162 0,197 0,030 0,323 

M8 0,140 0,178 9,592 0,491 0,043 0,028 0,182 0,221 0,049 0,321 

M9 0,178 0,243 10,329 0,539 0,054 0,133 0,456 0,769 0,348 0,361 

M10 0,162 0,219 10,000 0,569 0,036 0,087 0,360 0,554 0,248 0,350 

Summary energy 

[kWh] 
344,7 467,1 20784,4 1206,4 81,6 194,8 740,6 1158,6 445,2 612,9 
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Fig. 1. Charts of average power consumption on circuit P1-P7 for the interval weekly and daily. 
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Fig. 2. Charts of average power consumption on circuit P8-P10 for the interval weekly and daily. 

 

A. P1 / P2 (elevator 1 / 2) 

The analysis of energy consumption by elevators showed 

their highest usage in the morning hours (7:00 - 8:00 AM). 

Further power consumption is quite even until about 4:00 PM. 

This clearly indicates the highest use of elevators during the start 

and during the work hours of the University's administration 

(typical working hours for administration are 7:30 AM - 3:30 

PM). Since educational activities take place from 8:00 AM - 

9:00 PM, their realization has less impact on the use of 

elevators. The scientific-research part of the University's 

activities may be carried out from 7:30 AM - 9:00 PM. This 

suggests that this aspect of the University's activities also has a 

minimal impact on the use of elevators. The charts clearly show 

that on weekdays (Mon.-Fri.) after 4:00 PM, the elevators are 

practically unused. This pattern is quite significant considering 

that the University is typically a scientific and educational unit. 

For the elevators themselves, the currently consumed power was 

analyzed in more detail. It turned out that for P2, with a single 

person load (about 90kg), the indicated power during ascent 

(up) was about 3000W, and during descent (down) about 300W. 

Such a large discrepancy suggested a malfunction in the elevator 

mechanism. However, after consulting with the service, the 

results turned out to be correct, and the discrepancy results from 

the selection of the counterweight, which is set for half of the 

allowable load (i.e., about 350kg). Consequently, it was verified 

how many people usually use the elevator in a single trip. Most 

often, it is one or two people (up to 80% of trips). This situation 

suggests that appropriate adjustment of the counterweight will 

allow for lowering the power consumption by the elevators. An 

even better solution would be a system for dynamic adjustment 

of the counterweight depending on the current load of the 

elevator. The power consumption values on the charts are much 

lower than the measured actual power consumption (mentioned 

3000W) because the chart presents an average consumption 

over 10 minutes. Meanwhile, the elevator usually operates for a 

few to several seconds (highest power consumption) and then 

stands idle for several minutes (zero power consumption). From 

the point of view of savings, it is also worth noting that typically 

smaller elevators that consume less power (P1) are sufficient for 

trips. Comparing the power consumption by elevators P1 and 

P2, potential energy savings for this approach can be estimated: 

E = 467.1[kWh] - 344.7[kWh] = 122.4[kWh] (over 10 

weeks) 

B. P3 (server room) 

Server room facilities are currently one of the most important 

locations in administrative units. Network services necessary 

for the functioning of individual units are run on the appropriate 

server units. The services themselves must be operational 24/7 

(e.g., www server or email), so that all employees and interested 

parties have access to the indicated resources. In the case of 

campus units (universities), additional systems related to 

student service, the educational process, and scientific/research 

systems and repositories are added. Also, the administrative part 

often requires continuous operation of selected services related 

to, for example, current employee service, accounting, or 

payments. Among the campus server services, data storage 

systems in the cloud and all services related to delivering 

dedicated systems and computing machines are also 

indispensable. From the point of view of energy consumption 

by server rooms, it is important that energy consumption is 

continuous and uninterrupted, barring critical failures. With 

increased demand for selected services, the use of hardware 

resources of server units also increases. This usually translates 
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into higher energy consumption. From the charts, one can notice 

cyclic power spikes, which result from the operation of the 

cooling system (ventilation and air conditioning). This system 

operates stably, as evidenced by the consistency of work cycles. 

Since the individual averages (Table 1) are almost identical, it 

can be inferred that the servers are evenly loaded throughout the 

day. Considering the University's work cycle, energy 

consumption should be significantly lower at night and on 

weekends. The server systems are probably not properly 

optimized in terms of used hardware resources (released 

resources should translate into lower power consumption by 

hardware server units). Potential savings by introducing simple 

elements related to, for example, switching off unnecessary 

hardware units, can be estimated by the difference between the 

highest and lowest average power consumption for individual 

weeks: 

E = (10.547[kW] – 9.525[kW]) 24[h] 70days = 

1716.96[kWh] (over 10 weeks) 

C. P4 (IT team room) 

The IT team is typically responsible for maintaining the 

efficiency of all IT services and telecommunications 

infrastructure at the University. Their typical working hours are 

the same as for the administration (i.e., 7:30 AM - 3:30 PM). 

The charts clearly show that most devices are only turned on 

during working hours. Turning off unnecessary devices after 

work is a good practice, allowing for real savings in electrical 

energy consumption. During the afternoon/night and on 

weekends, power consumption is at a level of <40% of the 

average consumption during typical working hours. Potential 

savings can be estimated similarly to P3, by the difference 

between the highest and lowest average power for selected 

weeks: 

E = (0.661[kW] – 0.491[kW] ) 24[h] 70days = 285.6[kWh]  

(over 10 weeks) 

D. P5 (campus printer) 

A standard multifunction printer is a device with relatively 

low power consumption. Given its typical use for university 

administration, its operating cycles coincide with working hours 

from 7:30 AM - 3:30 PM. Outside these hours, the average 

consumption is 24W. On weekends, one can notice cyclical 

power spikes (short-term), which were verified as the activation 

of the service mode to ensure the efficiency of the printer's 

components. However, standby consumption is quite high, 

depending on the enabled features and settings; the  

 

manufacturer declares consumption of even <5W for the 

energy-saving mode. Potential savings from implementing 

proper configuration for standby mode can amount to: 

E = (24[W] – 5[W]) 15[h] 70days = 19.95[kWh] (over 10 

weeks) 

E. P6 (group of computer laboratories) 

The use of teaching and laboratory rooms is in accordance 

with classes, which are usually conducted in 2-hour cycles (8-

10, 10-12, 12-14, etc., possibly with 0.5h or 1h shifts). For 

practical reasons, most classes take place between 8:00 AM - 

4:00 PM. This is also noticeable on the charts. Increased power 

consumption outside these hours (and in non-typical cycles - 

other than 2-hour classes), suggests that the equipment in the 

rooms is not turned off immediately after the end of classes, but 

at the end of the day. It is also significant that there is a low 

power consumption at night (an average of about 59W) when 

no classes are held. Pointing out potential savings is difficult 

here, as power consumption should be correlated with room 

occupancy (e.g., based on the class schedule). Such detailed 

analysis would require measurement of the load not on the main 

circuits supplying groups of rooms, but on individual lines in 

specific rooms. 

F. P7 (studio and computer laboratories group) 

Since the circuit is mixed (different usage of receivers in 

different time intervals), its analysis is somewhat complicated. 

There is a typical work cycle from 8:00 AM - 4:00 PM. Outside 

these hours, consumption is significantly less. The charts also 

show 2-hour educational cycles when there are spikes in power 

consumption. Outside typical working hours, power 

consumption is over 220W (practically every day of the week), 

which is a relatively high value. It is necessary to verify the 

operation of the receivers - it is possible that educational 

equipment remains on overnight or is in standby mode. In this 

case, it would be necessary to reconfigure the equipment to 

completely turn off after a specified period of inactivity and 

manual activation via a button on the housing. The need to keep 

studio computers running, which process recordings, could 

explain this, but in this case, the power consumption is 

practically constant, while the load on studio computers is rather 

uneven and non-cyclical. Similar to circuit P6, indicating 

potential savings here is difficult due to the diversity of devices 

and the purpose of the rooms. A more detailed analysis (on the 

power supply of specific rooms) is an essential element for 

further analyses. 

TABLE II 

COMPILED INFORMATION REGARDING ELECTRICITY CONSUMPTION AND POTENTIAL SAVINGS 

 
Measurement points 

Total 
P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 

Cumulative energy 

consumption over the entire 

measurement period [kWh] 

344 467 20784 1206 81 194 740 1158 445 612 26036,3* 

Percentage share in total 

consumption* 
1,3% 1,7% 79,8% 4,6% 0,3% 0,7% 2,8% 4,4% 1,7% 2,35% 100,00% 

Estimated savings in 

consumption [kWh] 
- 122,4 1717,0 285,6 20,0 - - - - 152,9 2297,8 

Percentage ratio relative to 

total consumption* 
- 0,47 6,59 1,10 0,08 - - - - 0,59 8,83 
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G. P8 / P9 (general groups) 

Charts for general room circuits (sockets and lighting) 

indicate a typical work cycle from 8:00 AM - 6:00 PM. During 

night hours, consumption is significantly lower, especially for 

P9, where the average power consumption is 10W. Circuit P8 

for the same time interval averages 113W, suggesting the 

presence of a continuously turned-on electrical device. The 

average power consumption for circuits P8 and P9, for the time 

interval 7:00 AM - 4:00 PM, is 1027W and 558W, respectively. 

These values seem quite high, suggesting the presence of excess 

receivers during working hours. Further analysis revealed that 

power consumption for circuit P8 is partly due to an elevator 

located in the building. For circuit P9, overall power 

consumption is not large, and considering it covers sockets and 

lighting in several rooms, the energy usage seems justified. 

Potential savings may occur for circuit P8, but without detailed 

analysis, estimation is significantly difficult. 

H. P10 (general corridor group) 

Charts for corridors indicate heavier loading by devices from 

7:00 AM - 9:00 PM, likely due to lighting activated during these 

hours. These indications suggest the possibility of limiting 

consumption between 9:00 AM - 2:00 PM, when daylight 

adequately illuminates the internal passageways. Most corridors 

and connectors have windows, so this solution is feasible. 

Additionally, the lights in these locations are manually switched 

on, so the receivers are on all the time. A much better solution 

could be the installation of a system with motion sensors or light 

sources with built-in sensors (bulb+sensor in one housing). Such 

a simple solution would allow for significant reduction in 

energy consumption during the indicated hours. However, 

consumption during night hours is very high for a corridor 

(communication path), averaging over 290W (when lighting is 

off). Further analysis revealed that the circuit also powers two 

vending machines (one with sweets, the other with hot drinks). 

Depending on the manufacturer and configuration, a vending 

machine in standby mode consumes an estimated 10W to 100W 

of continuous power. Clearly, connected devices are not 

configured to operate in energy-saving modes, especially since 

neither machine has a built-in refrigeration system. Since the 

machines are operational 24 hours a day, savings from their 

proper setting can be estimated based on night-time 

consumption (M21-7), when only these power consumers are 

active. The upper limit of power consumption by such machines 

in standby mode was assumed for the estimation: 
 

E = (291[W] – 2100[W]) 24[h] 70days = 152.88[kWh] 

(over 10 weeks) 

 

In analyzing the final results (total [kWh] consumption) for 

individual circuits, it is also important to note the large disparity 

in consumption between the circuits. Most (apart from P5 – the 

printer) are multi-receiver circuits and larger circuits covering 

several rooms. Despite this, it's notable that P3 (server room) 

accounts for as much as 79.8% of the overall measured power 

consumption. In this context, seeking savings in other circuits 

may not yield such significant benefits. From the perspective of 

continuing research, attention should be paid to the metering of 

rooms equipped with devices with the highest power 

consumption, which are turned on for extended periods of time. 

V. OPPORTUNITIES FOR ADDITIONAL RESEARCH AND 

DEVELOPMENT 

Measurement and analysis of energy consumption by various 

receivers (or groups of receivers) can realistically contribute to 

locating devices that excessively consume electricity. Further 

steps and actions are mainly about limiting this consumption, 

which can translate into real financial savings. However, 

measuring current power consumption, especially in the context 

of individual receivers, can be used in many ways. Below are a 

few alternative issues concerning data analysis from energy 

consumption by receivers. 

A. Detecting failures or damage in electrical devices 

Measurement data of electricity consumption by individual 

receivers can contain significant information from the 

perspective of potential malfunction or failure occurrence. 

Typically, improper functioning of receivers translates into 

anomalies in the range of consumed electrical energy. In simple 

solutions, deviations from the norm can be verified (i.e., sudden 

spikes in electrical energy consumption or an increase relative 

to average consumption). In more complex solutions, profile 

data for the indicated device (information about the amount of 

energy consumed in a proper working cycle of the device) can 

be used. Current measurement data can then be compared with 

the device's profile to verify deviations. An advantage of this 

method is that having detailed information about the operating 

cycle, deviations for specific stages of operation can be 

identified, thereby pinpointing specific (potentially damaged) 

components. More complex systems (circuits) where groups of 

different devices are used can also be analyzed. In this case, 

profiling may be difficult, but analysis of average consumption 

will also be helpful. 

By conducting detailed analyses, it is also possible to attempt to 

identify the consumption of various electrical and 

electromechanical components and parts before their definitive 

failure (which completely disqualifies further operation of the 

device). Such a system can be termed an early diagnostics 

system for electrical devices and electronic components 

(subcomponents). Many modern devices (with digital 

controllers) can analyze power (or current) consumption by 

selected system components and based on this perform 

preliminary diagnostics of failures. However, this usually 

increases the production cost of devices, especially if they are 

complex or industrial solutions. A system based on independent 

measurement of main power supply circuits can be a cheaper 

and more universal solution. An independent measurement 

system (e.g., the used Zamel MEW-01) can be easily installed 

in almost any place in the power supply system. 

B. Optimization of server room operation (or functionally 

other systems) 

Server rooms are usually very complex systems consisting of 

a group of different devices (server computers and peripherals, 

computational and database arrays, network equipment, power 

modules, cooling modules, air conditioning devices, monitoring 

systems, etc.). With so many different devices, analyzing and 

adjusting the operation of server rooms to needs and current 

capabilities is significantly difficult. Many devices (usually 

from different manufacturers) operating under various systems 

do not facilitate integration into operation under a single 

supervisory system. This can be related to industrial SCADA 
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systems, where integration within subsystems and devices from 

one manufacturer is simple, but costs can then be very high. 

Meanwhile, with a budget selection of different system 

components, common problems with their integration are 

encountered. 

The use of measurement modules or dedicated power 

distribution units (PDUs) [16], [17], to measure current 

electricity consumption in server rooms, can greatly facilitate 

controlling their operation. This is a relatively inexpensive 

element to implement compared to, for example, replacing 

server room equipment with those of the appropriate 

functionalities. Based on measurement data of energy 

consumption for individual devices, it is easy to optimize the 

operation of server rooms. 

C. Controlling work cycles in relation to tariffs 

Electricity consumption measurement can also be used to 

control the current activation of individual receivers and their 

work cycles. Correlating appropriate information and 

functionalities concerning specific electricity tariffs will allow 

for the operation of the most energy-intensive activities at times 

when costs are lowest. Since appropriate tariffs function 

cyclically at specified hours, it is possible to correlate only 

based on time programming. This approach works if the load 

(power consumption) is constant and independent of external 

factors. When power consumption varies depending on, for 

example, weather conditions, current system load, etc., it is 

easier to switch the system to operate during cheaper tariff hours 

based on current energy consumption. 

VI. CONCLUSION AND FURTHER WORK 

The presented measurement results, and estimates show the 

possibilities of introducing potential savings in electricity 

consumption. Table 2 summarizes the data for the full 

measurement cycle (10 weeks). The total estimated savings for 

a 10-week period amount to 2297.8kWh (which represents 

8.83% of the cumulative measured consumption). The largest 

share in potential savings comes from circuits P3 and P4 (6.59% 

and 1.10% of total measured consumption, respectively). Both 

circuits can be characterized as loads related to IT and network 

infrastructure. Measuring electricity consumption is currently 

extremely important and often even a requirement for public 

institutions. Usually, the main goal is to introduce appropriate 

financial savings. Often, actions related to reducing energy 

consumption have not only an economic but also a political or 

social dimension. Thus, the conducted measurements and 

analyses present valuable data and can improve the image and 

functioning of the University. The presented analyses and 

conclusions will be used to optimize energy consumption in 

selected electrical circuits. After carrying out the appropriate 

work, there are plans to perform measurements again to 

determine the extent of savings in electricity consumption. 

Measurement work will also be conducted on other receivers 

and circuits , also using modern processing techniques [18]. The 

obtained data and results will be presented and described in 

subsequent publications. 
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