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POWER QUALITY IN THE OFFICE BUILDINGS’ 

ELECTRICAL INSTALLATIONS 
 

Horaţiu - Călin ALBU, Technical University of Cluj-Napoca 

 

 

 

The Thesis Advisor: dr. Florin POP, professor, Technical University of Cluj-Napoca. 

The Ph.D. thesis was presented in a public debate at the Technical University of Cluj-Napoca, 

Romania, on 9 September 2011. His author obtained the scientific grade of Ph.D. in Civil 

Engineering. 

 

The arguments that led to the development 

of the thesis are: the continuous and rapid 

increase of the number of nonlinear 

receivers connected to the office buildings 

electrical installations, the increasing 

concerns regarding the energy efficiency and 

the sensitivity of modern equipment to the 

decrease of the power quality.  

Different topics are analyzed throughout 

the thesis: measurements of the 

characteristics of the nonlinear receivers 

used in office buildings, measurements of 

the electrical characteristics at the point of 

common coupling of the office buildings 

electrical installations, studies and analysis 

of the effects of connecting nonlinear 

receivers at the office buildings electrical 

installations (using DIALux programs, 

OrCAD PSpice and MATLAB). 

The thesis is developed in six chapters, 

references and appendixes. 

Chapter 1 Power quality at the user 

analyzes the power quality problem by 

presenting the definitions of the power 

quality concept, the standard 

recommendations and the main used power 

quality indicators. The operation of all the 

user electric receivers at their nominal 

parameters is conditioned by the power 

quality of the network, deviations outside 

the standard limits leading to errors or 

equipment damage. At the same time, the 

development of new electronic equipments 

and technologies and their proliferation 

generate disturbances – the increase of 

harmonic distortion and the occurrence of 

voltage unbalance. Taking into account the 

power quality aspects from the supplier and 

user perspectives, the power quality 

indicators have been synthesized in two 

categories: primary indicators, that relate to 

the quality of the product “electric energy” 

and the electric power supply service, and 

secondary indicators, that relate in 

particular to the disturbances caused by 

nonlinear receivers. The implementation of 

these indicators allows the delimitation 

between the attributions of the supplier and 

the users for maintaining the disturbances 

in the established limits. The indicators are 
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classified in: frequency deviations, slow 

variations of the supplied voltage, voltage 

surges, voltage dips, short and long term 

power supply interruptions, voltage 

fluctuations, harmonic distortion, and 

voltage unbalance. The office buildings are 

also analyzed, as electric energy users. The 

office buildings nonlinear receivers are 

classified in two categories: light sources 

and electronic office equipments. For each 

category the ratio of the receivers found in 

the office buildings, the receiver operations 

aspects and the available methods of 

reducing the electricity demand are 

described. This last aspect is particularly 

important due to the increased attention 

provided to the economical issues and 

environmental impacts, methods and 

initiatives to reduce the electric energy 

demand. 

Chapter 2 Operating conditions in 

the user power systems presents aspects 

regarding the conducted electromagnetic 

disturbances that exist in the user power 

supply system (harmonic distortion and 

voltage unbalance): methods of analysis, 

effects and different mitigation solutions. 

The importance of the harmonic distortion 

problem is justified based on the effects 

caused in the supplier and user power 

networks. Because the majority of the 

nonlinear receivers that exist in office 

buildings is connected to single - phase 

power network, the voltage unbalance 

phenomenon is also analysed.  

The disturbances determined by the 

electronic office equipments and the light 

sources, and the effects of their 

simultaneous use in the low voltage electric 

power distribution networks are described. 

The presented data represents an overview 

of different literature research studies. The 

methods of modelling the low voltage 

electric power distribution networks in real 

time and the current and voltage harmonic 

propagation in the power network are 

analyzed. These aspects allow the 

estimation of the harmonic distortion levels 

at different points in the power network and 

caused by the connection of various 

nonlinear receivers. 

Chapter 3 Experimental analysis of 

equipments used in office buildings 

analyzes several topics: the characteristics 

measurements of the nonlinear receivers 

predominantly used in the office buildings, 

the analysis of two case studies and the 

measurements of the electrical 

characteristics at the point of common 

coupling for two office building electrical 

installations. 

The measurements of the electrical and 

luminous characteristics of the light sources 

used in office buildings are presented. The 

luminous efficacy under dimming is 

analyzed also for several light sources 

(equipped with tubular fluorescent lamps, 

halogen lamp and LEDs). The results show 

that LED light sources have a greater 

luminous efficacy than other types of light 

sources equipped with fluorescent lamps. 

There are presented the electrical 

characteristics measurements for the 

electronic office equipments used in office 

buildings. The measurements have captured 

the nonlinear electrical parameters of the 

electronic office equipments during various 

operating modes. The voltage and the 

electrical current variations during 

switching from one operation to another 

were also recorded. An attenuation of the 

current harmonic distortion was observed 
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for the computer systems, compared to 

individual devices, due to the phase 

compensation between the current 

harmonics generated by the computer 

system’s equipments. 

A case study is presented that analyzes 

the harmonic distortion impact of dimming 

the light sources. Four cases are considered, 

corresponding to the use of four different 

light sources in an office room. For each 

case, the light sources are positioned in a 60 

m
2 

office room, in parallel rows with the 

windows. It was assumed that the office 

room is located in Cluj-Napoca, and the 

simulations were performed for January 

21
st
, 2010, at 17:00. The case study shows 

that the current harmonic distortion level 

for all the light sources is attenuated due to 

phase compensation between the current 

harmonics generated by each of the light 

sources. 

The supply voltage harmonic distortion 

due to the use of light sources was 

estimated, based on the previous 

measurements and using different 

simulation programs. Four cases were 

analyzed, corresponding to four different 

types of light sources positioned in an 

office building. For the first case, six 

scenarios are studied. The parallel 

resonance phenomenon was highlighted 

when connecting the capacitors used for the 

correction of the cosine of the phase angle 

between the voltage and the electrical 

current, at the fundamental frequency. The 

effects of connecting anti-resonance coils to 

the network were also studied. For all the 

analyzed cases, the harmonic voltage 

distortion is below the recommended limits 

by the EN 61000-2-2 standard. The impact 

of the current harmonics generated by the 

light sources on the neutral conductor is also 

analyzed. The neutral conductor section 

recommended by the NP 07/2002 norm is 

sufficient even in the presence of current 

harmonics, of rank three or multiple of three, 

generated by the light sources. 

Measurements performed at the power 

distribution network of two office buildings 

in Cluj-Napoca are presented. The power 

quality is analyzed from the supplier and 

the user perspectives. The use of light 

sources and electronic office equipments 

cause increase of the harmonic distortion, 

decrease in the power factor and increase in 

the current harmonic distortion of the 

neutral conductor. Their predominant use in 

office buildings can lead to serious power 

quality problems if no measures are taken.  

Chapter 4 Analysis of the harmonic 

distortion in office buildings due to light 

sources and electronic office equipments 

assesses the harmonic distortion of the 

office building power distribution networks. 

Different configurations of the power 

distribution networks are analyzed, starting 

from the lighting and power circuits. The 

nonlinear receivers used in the simulations 

are previously analyzed in Chapter 3. For 

the lighting circuit, two cases are studied, 

corresponding to the use of two light sources: 

36 W T8 fluorescent lamp and 18 W CFL. 

The attenuation effect due to the 

interactions between the changes of current 

harmonics injected by the non-linear loads 

and the resulting variations of the load 

voltage is analyzed, using the MATLAB 

program.  

The power networks of three office 

buildings are analyzed. The theoretical 

study aims at evaluating the harmonic 

voltage distortion at various points of the 
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distribution networks due to the presence of 

nonlinear receivers, the harmonic distortion 

effect on the current effective values and 

the possibility that these values exceed the 

phase conductor calculated values. The 

receivers used are light sources and 

computer systems. The power networks are 

designed in compliance with the 

recommendations of NP 07/2002 norm. The 

study shows that the harmonic voltage 

distortion is within the standard limits.  

The effects of reducing the harmonic 

distortion by implementing passive 

harmonic filters were analyzed also. Using 

OrCAD PSpice program, the power 

network for an office building was 

simulated. The passive harmonic filters 

were positioned at different levels of the 

power network. It is showed that the 

greatest mitigation effect takes place when 

the passive filters are located closer to the 

nonlinear receivers. 

A virtual tool, entitled RNHARM, is 

presented. The program allows the 

estimation, at various points, of the voltage 

harmonic distortion level for a fixed radial 

power network. The nonlinear receivers 

used in the network are light sources and 

electronic office equipments. Their electric 

characteristics were previously measured.  

Chapter 5 Sensitivity of equipments to 

the supply voltage disturbances presents 

different aspects regarding the effects of the 

low power quality on different nonlinear 

receivers used in office buildings. The 

analyzed power quality disturbances are: 

slow variations of the supplied voltage, 

voltage surges, voltage dips, short and long 

term power supply interruptions, voltage 

fluctuations. The considered equipments are 

the light sources and the electronic office 

equipments. In the case of electronic office 

equipments the sensitivity curves at voltage 

dips and short term power supply 

interruptions are emphasized. 

Chapter 6 Conclusions and contributions 

presents the final conclusions and the 

contributions brought by this thesis. There 

are proposed, also, possible directions for 

further research on the addressed topics. 

The main personal contributions are: 

- Measurements of the characteristics of 

various light sources and electronic office 

equipments predominantly used in office 

buildings; 

- Analysis of the power quality effects if 

the light sources are dimmed; 

- Analysis of the voltage harmonic 

distortion due to different types of light 

sources; 

- Analysis of the power quality effects 

of connecting nonlinear receivers in the 

office building power network; 

- Development of the RNHARM virtual 

instrument. 
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LIGHTING IN THE NEW WORLD 
 

Cristian ŞUVĂGĂU 

BC Hydro, Vancouver 

 

 

Municipal Solid-State Street 

Lighting Consortium 
 

"Veni, Vidi, Vici" (I came, I saw, I 

conquered) were Roman’s emperor Julius 

Caesar after a short and effective war with 

Pharnaces II of Pontus in the city of Zile 

(Turkey) some 2,000 years ago. Such is the 

powerful image of simple words that 

variations of this sentence are often quoted 

in music, art, literature, and entertainment. 

When it comes to the lighting industry it 

could with ease be the motto or a tagline for 

Solid State Lighting (SSL), especially the 

Lighting Emitting Diodes (LEDs). Since 

Edison introduced his electric light bulb, it 

has not been in the lighting market such a 

breakthrough and fast move to take over 

conventional sources as LEDs. Already 

over-passing lumen efficiencies of halogen 

and compact florescent lamps, LEDs edge 

now entry-level fluorescents and are poised 

to rise soon above present High Intensity 

Discharge (HID) lamps.  

Street lighting, the land of HID 

applications - over 90% of street lighting 

today utilizes HID lighting with High 

Pressure Sodium (HPS) being the most 

common - is facing the LED revolution as 

well. The new-age buzz is there and from 

manufacturers, utilities to politicians 

everybody wants LEDs to replace in a near 

future as much as possible of the current 

street and roadway stock in North America. 

And this is not an easy target since North 

America numbers over 70 millions 

streetlights and a similar count of parking 

and area lights. Considering that LEDs can 

bring to the roadway market an average of 

30% energy savings, is easy to see the 

staggering energy conservation potential of 

streetlights alone:  

 over 20,000 GWh/yr saved, the 

equivalent of 30 million barrels of oil; 

 over 12 million metric tons of CO2-

equivalent saved; 

 saved equivalent of electricity for 1.4 

million homes. 

On top of this, energy savings from 

adaptive lighting controls can double these 

numbers. Now, one can see why roadway 

lighting is quoted the biggest market for 

LED sales in North America. 

 

Technology roadblocks 

From a technical standpoint, LED street 

lighting systems offer many benefits over 

existing street lighting technology. At the 

same time, the uncertainty and risk 

associated with this new technology prevent 

municipalities from leaping into the market 

and pursuing an LED based solution.  

This article does not propose to present 

the benefits and disadvantages/issues of the 

http://en.wikipedia.org/wiki/Julius_Caesar
http://en.wikipedia.org/wiki/Julius_Caesar
http://en.wikipedia.org/wiki/Pharnaces_II_of_Pontus
http://en.wikipedia.org/wiki/Turkey
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LED street lighting systems (compared with 

conventional HID ones), but to explore the 

particularities of the North American 

market roadblocks and solutions.  

Tariffs - Whether streetlights are owned 

or leased from the utilities, North American 

municipalities are charged (by power 

utilities) under an unmetered/flat demand 

tariff, basically a certain dollar amount per 

month based on the luminaires’ wattage and 

maintenance/asset depreciation costs. When 

municipalities own their own lights, the 

adoption of LEDs is quite doable, a matter 

of balancing the capital and operation costs 

with billing saving offsets. When 

municipalities lease the streetlights from 

utilities, things become more complicated 

as more luminaire standards need to be 

carried (for utilities serving more cities) and 

creative tariffs need to offset the very high 

initial cost and long depreciation cycles 

(20-40 years) of cheap HID technologies. 

One solution could be to charge 

municipalities one-time participation fees 

per LED luminaire and be billed a lower or 

same tariff as before. 

Also, if adaptive street lighting is 

installed the utility has no means to adjust 

their bills if the city’s should dim their 

lights. One solution is to allow the software 

metering of the control systems as revenue 

metering. Currently, the cities of Oakland 

and San Jose (California) and their utility, 

Pacific Gas and Electricity, are exploring 

this solution through a testing pilot. 

Standards - In North America, the 

Illuminating Engineering Society of North 

America (IESNA) is considered the 

authority for defining the lighting 

conditions necessary for adequate light 

levels. In particular, if new LED street 

lights are to replace incumbent existing 

street lighting technology, the LED street 

lights must provide sufficient light levels, 

as defined by IESNA. Meeting these light 

levels takes precedence over any energy 

savings. This non-profit society has 

developed a number of documents relevant 

to today’s LED street lighting guidelines: 

 IESNA RP-8-00 Standard Practice for 

Roadway Lighting 

- the upcoming IESNA RP-8-2011 

(like the new roadway lighting 

standards CIE-115) will incorporate 

mesopic vision effects into practical 

lighting design techniques of the 

future. 

 IES LM-79 Approved Method: Electrical 

and Photometric Measurements of Solid- 

State Lighting Products  

- applies to LED-based products 

incorporating control electronics 

and heat sinks; 

- requires complete luminaire testing. 

 IES LM-80 Approved Method: 

Measuring Lumen Maintenance of LED 

Lighting Sources  

- measures lumen depreciation of 

LED light sources, arrays and 

modules; 

- does not cover full luminaires; 

- does not define or provide methods 

for estimation of life. 

 IES LM-21 Projecting Long Term Lumen 

Maintenance of LED Light Sources 

- TM-21 supplements IES LM-80 raw 

test data to provide LED lifetime 

projections that are consistent and 

understandable; 

- does not determine traditional life or 

“time to failure” of LED systems; 
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