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Abstract. Nowadays there are many specific problems of 
big cities electric power supply, such as high density housing 
development, cramped conditions, uneven reactive power 
consumption and nonsinusoidal curve of load currents and 
voltages due to widespread use of power supply units. Often 
there is a necessity of the power supply reserve for a large 
number of consumers within connection point’s high 
concentration. Also it’s technically difficult to completely 
change an old buildings’ wiring for the purposes of capacity 
increase without their total reconstruction, if they are used as 
offices. 
The ongoing reduction of the cost of small alternative energy 
sources leads to their widespread integration to the main grid 
and corresponding problems with grid control and management.  
All the mentioned above problems can be effectively solved by 
establishing the alternative direct current (DC) grids 
corresponding to the Smart Grid concept.  
The paper presents the low-voltage DC grids that have many 
advantages: integration of electrical loads without DC power 
units and renewable generators without inverters, lower level of 
losses, absence of reactive power and harmonic content, the 
possibility of energy storage and smoothing of load curve and 
others. 
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1. Introduction 
 
Alternating current (AC) of 50 or 60 Hz frequency is 
commonly used in processes of generation, transmission 
and distribution all over the world. This is due to a large 
number of historical and technical reasons that formed a 
concept of three-phase AC systems and, as a sequence, a 
global concept of power systems in the 19th century. A 
great inventor Thomas Edison advocated DC, arguing 
that it is much easier to work with it. Nevertheless, AC 

became a worldwide standard advocated by genius 
Nicola Tesla and supported by George Westinghouse 
magnate. AC voltage can be easily changed by means of 
transformer unlike the DC voltage to be changed by 
means of convertors, so it is much more technically 
difficult. 
However, semiconductor converters are getting cheaper 
and more efficient. At the present stage of technology 
there is a growing interest to direct current. This fact is 
associated with the following technologies: 
1) LED lamps use DC. There is a rectifier 
integrated in each lamp that converts AC to DC. These 
rectifiers significantly increase the cost of LED lighting 
and reduce the reliability and efficiency.  
2) Modern computers, office and household 
equipment use DC. To produce it power units that rectify 
AC are used. 
3) Solar panels as well as fuel cells produce energy 
using DC and then convert it to AC by means of 
invertors. 
4) Energy storages and rechargeable batteries are 
widely used in everyday life and electric transport, and to 
charge them charging rectifier transformers are used.  
Also there are some problems of AC power supply for 
such components that are listed below. 
 
2. Specific problems when using AC 
 
The problem at hand is the use of a large number of 
impulse power supply units as well as a large number of 
rectifiers that convert AC power to DC and inverters that 
do a reverse conversion.  
For example, an oscillogram and a harmonic composition 
of the current waveform in old building with computers 
and combined luminescent-LED lighting according to the 
office measurements are shown in Fig. 1, 2 [1]. It is 
rather difficult to completely change the building’s 
wiring without a widescale reconstruction for the 
purposes of capacity increase. An alternative DC grid for 



semiconductor technology power supply is expected to 
be an effective solution. 

 
 

Fig. 1. Oscillogram of the current waveform in old 
building with computers and combined fluorescent-LED 

lighting. Black – ideal, red - real 
 

 
 

Fig. 2. A harmonic composition of the current waveform 
in old building with computers and combined 

fluorescent-LED lighting 
 

A large number of converters and power supply units 
increase the losses of electricity, create problems with 
electromagnetic compatibility, and degrade the quality of 
electric power and electrical equipment and appliances. 
In spite of the fact, that there are standards on parameters 
of power quality, the real implementation of the measures 
of power quality improvement may be expensive and 
may not give the satisfactory results. The presence of 
starting controllers, reactive power compensators and 
harmonics filters does not solve the problem, while 
reducing the simplicity and reliability. 
One of the specific problems is presence of the third 
harmonic and the harmonics multiple of three, Fig. 3. 
These harmonics are summed in Neutral wire. It leads to 
wire heating and transformer’s Neutral wire overload, so, 
it could compromise the fire safety and reliability even if 
the cross-section area of Neutral wire is bigger than 
phase one. 

       
 

 
 

Fig. 3. “The problem of Neutral wire”. The 3rd harmonic 
and the harmonics multiple of 3 

 

Another problem in recent years is the significant growth 
of cities power consumption leading to the danger of the 
existing equipment overload, as a result there’s a need for 
an extensive renovation of the existing electrical 
networks and the construction of new power facilities. 
Particularly, serious situation with power supply 
happened in cities centers, where there are many 
restrictions on the repair and construction works, and 
there’s a lack of vacant land for the construction of new 
substations and distribution lines. During the peak load 
times there are the problems with reliability of power 
supply. The existing equipment cannot withstand a heavy 
overload, so it can leads to serious accidents.  
In addition to the reconstruction or the construction of 
power facilities, an alternative solution of the power 
shortage problem exists. This pathway is associated with 
a reduction of the load maximum and load curve 
smoothing.  
Thus, there is a complex issue of city electric network 
development management from the point of view of 
transmitted power value as well as from the point of view 
of quality of electric power and easy integration of 
alternative sources. An effective solution is the creation 
of alternative networks for the needs of the DC power 
supply, combining several approaches. 
 
3. DC grid advantages 
 
The creation of urban DC network and DC network 
inside buildings in addition to the existing AC systems 
will significantly increase the effectiveness of electrical 
energy use. 
DC systems have the advantages of: 

1) an absence of losses in the power supply units; 
the efficiency of the converter is significantly 
higher; 

2) an absence of power supply units themselves; 
3) an absence of reactive power in DC grids; 
4) a small level of higher harmonics - no problems 

regarding equipment resource and 
electromagnetic compatibility; 

5) others. 
The solution is especially effective for establishment of 
DC loads complexes. These complexes include LED 
lighting, office computers, batteries, DC charges for 
electric vehicles (for example, CHAdeMO) and 
alternative sources of energy.  
Computers and LEDs and use direct current. Rectifiers 
integrated in each device convert AC to DC, or a power 
supply unit for a group of devices (LED tape) is used. 
These rectifiers and power supply units greatly increase 
the cost of corresponding components and reduce the 
reliability and energy efficiency. It is possible to supply 
such types of loads directly by DC. 
An example of wiring economy using the absence of 
reactive power and power supply units is shown in Figure 
4. A typical load of P = 50 kW with power coefficient of 
λ = 0,8 and power supply units efficiency of η = 0,85 can 
be connected using AC or DC and 70 or 50 mm2 cable 
line (wiring). The voltage drop can be calculated as: 
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where U = 240 V is phase voltage and R is resistance 
(0,443 Ohm/km and 0,641 Ohm/km for 70 and 50 mm2 
correspondingly). 
 

 
 

Fig. 4. Wiring economy and power quality improvement 
by means of DC grid for offices use 

 
As it can be seen from the picture, the potential drop for 
70 mm2 wiring when using DC is significantly less. Also 
it is possible to use 50 mm2 instead providing a bit more 
high voltage and better power quality compared to 70 
mm2 wiring for AC power supply. 
Also it is possible to supply uniform DC loads made with 
semiconductor technology by connecting them to 
voltages multiple to nominal voltages (Fig. 5).  
 

 
 

Fig. 5. Uniform DC loads power supply 
 
The particular load power value can be obtained by serial 
or parallel connections of the components groups. The 
grid in this situation can be operated in current control 
mode.  
 
4. Batteries integration 
 
There are three directions of future development of the 
batteries (and storages in general) in DC networks 
multiplying the efficiency of their implementation. 
The first is usage of batteries as voltage dividers (Fig.6).  
The structure is advantageous. Batteries have good 
efficiency as dividers, providing fire safety due to low 
voltages combined with reserve and peak smoothing 
described further. 
 

 
 

Fig. 6. The structure of building DC grid 
 
The second direction is connected with the daily load 
curve smoothing by means of the energy accumulation 
from the AC grid in the storage at night, when the grid 
load is minimal and it is reasonable to increase it. Then it 
is possible to unload AC grid during the day (evening) 
peak by using the energy stored in the batteries. It is 
beneficial to power consumers, because the nightly rate is 
several times cheaper than the peak one, as well as for the 
power companies, because it significantly reduces power 
losses and simplifies the power systems management. 
These statements are considered further.  
Reduction of the peak load will reduce the cost of the 
new power facilities, or at least postpone the construction 
investments for some time. The specific cost (per 
kilowatt) of measures to reduce the maximum is 
significantly lower than the cost of new construction. 
Given the lack of investments it opens the way for 
immediate implementation of these particular events. 
Most of the measures aimed at reducing the peak load 
have positive social impacts or promote positive 
structural changes in the city power supply system. In the 
crisis, when there is a pause in the growth of the power of 
large cities, it is advisable to use the available financial 
resources in such way. 
For the modern household load it is possible to estimate 
savings from using storages combined with the 
opportunities provided by the introduction of accounting 
rates with differentiated rates [2]. The example is shown 
in Table 1.  

TABLE I. – Example of prices 
 
Time Price, € per kW*h 
Peak (07:00-10:00, 17:00-21:00) c1 0,05000 
Semi-peak (10:00-17:00, 21:00-
23:00) 

c2 0,03525 

Night (23:00-17:00) c3 0,02100 
 
The savings from using the storage can be calculated as: 
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where P is load; N is number of days during the year 
when used; n is efficiency of a storage (battery); T is 
number of hours per day when used. 
For each P = 1 kW, if T1 = 6 hours, T2 = 3 hours,  N = 
336 days, n = 85 % specific savings will be: 
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The most effective is use of the storage to power 
appliances and lighting is during the peak hours. The 
savings value will be significantly higher taking into 
account the growth in prices and the use of storage 
devices for power supply during all the daytime. 
Reliability and city energy security are the questions of 
great importance. An independent power supply by 
batteries is useful in emergency situations when an AC 
power supply is lost. The DC network in the event of a 
failure can met the essential loads such as fire and 
emergency lighting using the converter. 
Thus, in normal operation the DC will increase efficiency 
by smoothing the load curve, and serve as an emergency 
backup power. It is important that even household power 
consumers would be interested in purchasing batteries. 
The third direction is easy solar panels integration, and as 
a result, the creation of conditions for the development 
and reduction of the cost of this trend. 
 
5. DC grid implementation 
 
The example of the implementation of DC lighting 
networks in Moscow and Yekaterinburg is considered. It 
should be noted that similar approaches can be applied to 
the calculation of DC power supply for computer in 
office buildings. 
In the central areas of large cities, where the specific 
density of lighting, buildings highlighting and outdoor 
advertising is very high, the effectiveness of the solution 
increases sufficiently. 
All the mentioned above problems are supposed to be 
solved by creating alternative direct current (DC) grids 
corresponding to Smart Grid concept. DC system 
includes a set of power lines to supply DC load, batteries, 
the semiconductor converters for connection to AC 
power, switchgear and control equipment. The concept 
also satisfies ISO/IEC requirements and national 
standards in lighting and building. 
A very important feature is the installation of the storages 
in the DC grid. Rechargeable batteries are charged during 
the cheap night rate time and supply lighting in the 
morning and evening peak and semi-peak hours when the 
price of energy is maximum, so it contributes to 
significant savings. In addition, the batteries cover the 
main load in case of accidents in the AC supply grid. 
Converters rectify AC power to DC power for the 
network and the battery charge and, if necessary, provide 
for the use of the accumulated energy at the AC side. 
A connection of the DC lighting network to AC power 
via converter is possible using the following methods: 

1) radial supply circuit of the DC lighting system 
with the installation of the converter and the 
battery inside a transformer substation (TS) 
room; 

2) ring circuit including only the rectifier in the 
first TS and the second TS with the battery and 

the converter inside; the converter can perform 
the functions of partitioning and switching 
equipment.  

The selection of the ± (12-48) V voltage level is made at 
the design stage. Conversion of existing lighting 
networks to DC does not require extensive renovation 
and is not technical difficulty. The calculation is made for 
the standard street lighting branch length of about 500 m.  
The results of the introduction from the economical point 
of view include the absence of need for power supplies 
units, harmonic filters and starting controllers, the 
absence of losses in these components; reduction of the 
power consumption, absence of reactive power. There are 
the savings on the price difference between accumulated 
cheap power and expensive grid power. Economic 
benefits arise from the absence of losses due to urban 
lighting breaks during accidents and losses of connection 
with AC supply. 
The main economical characteristics:  
– the payback period is 1.5 years in case of the 
implementation of the LED DC network instead of 
lighting with fluorescent lamps and 2 years and 10 
months in case of the implementation of the LED DC 
network instead of high pressure sodium lamps.; 
– savings from using LED DC lighting compared 
to LED AC-power is more than 32%; 
– economic impact at this stage can be greatly 
enhanced by integrating the outdoor advertising and 
lighting of buildings and by the integration of renewable 
and alternative energy sources.  
The implementation of alternative DC grids for cities 
power supply needs is an energy efficient solution. An 
example of existing lighting network conversion from 
AC to DC is shown in Table II. The costs include 
investments in lighting components, losses and costs for 
replacement of out of order lamps. The data are given for 
LED lamp lifetime period (50000 hours). 
 

TABLE II. – Costs for lighting network power supply AC to 
DC conversion 

 
Lighting version Costs values 

Luminescent, AC 3,26 
Sodium vapour lamp, AC  2,01 
LED, AC 1,32 
LED, DC 1,10 
LED, DC and batteries 1,00 
 
As it can be seen from the table, LEDs supplied by DC 
and combined with the batteries give more than 30 % of 
economy. 
Another example of AC to DC conversion results is 
shown in Table III. 
 

TABLE III. – Costs for substation lighting network power 
supply AC to DC conversion 

 
Lighting version Costs values 

Luminescent, AC 1,93 
Sodium vapour lamp, AC  1,25 
LED, AC 1,23 
LED, DC 1,00 
 



The lighting of large substation is switched to DC power 
supply. Distribution utility or energy company can 
decrease its costs and increase its energy efficiency. 
 
6. Conclusion 
 
The creation of DC networks for power supply of 
semiconductor technology and lighting is an effective 
solution: 

1) absence of losses in the power supply units; the 
efficiency of the converter is significantly 
higher; 

2) absence of power supply units themselves; 
3) absence of reactive power in DC grids; 
4) a small level of higher harmonics - no problems 

regarding equipment resource and 
electromagnetic compatibility; 

5) a possibility of low voltage levels usage - 
improving fire safety and electrical safety in 
general. 

6) support for direct integration of renewable and 
alternative energy sources (solar panels, wind 
turbines, etc.) that generate power using DC. 
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