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Abstract The rapid increment of DC compatible appliances in the buildings,
emerge the photovoltaic energy as the fastest growing source of renewable energy
and expected to see continued strong growth in the immediate future. The photo-
voltaic power is, therefore, required to be provided with a certain reliability of
supply and a certain level of stability. Motivated by the above issues, many grid
operators have to develop DC micro-grids, which treat photovoltaic power gener-
ation in a special manner. The interconnection of different voltage rating distributed
generation, storage and the load to the DC micro-grid requires large number of
converters, which will increase the conversion power losses and the installation
cost. Different types of Low Voltage Direct Current (LVDC) grid and their topol-
ogies are helpful in understanding the interconnection of distributed generation with
consumers end. The connections of LVDC distribution system is discussed in this
chapter. Optimization of LVDC grid voltage may reduce the conversion stage and
the power loss in DC feeders. A multi-objective technique is discussed, in this
chapter, to design a minimum power loss and low cost DC micro-grid.
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14.1 Introduction

In the last decade, micro-grids have become a more attractive option for rural
electrification compared with the extension of electrical transmission infrastructure
to connect rural areas to the centralized grid. DC power transmission and its sig-
nificance have been explained in detail [1]. According to world energy outlook 2011,
around 70 % rural area will be connected to a micro-grid or standalone off grid
solution while only 30 % rural areas may be connected to the main grid [2]. Rapid
increment in DC appliances and the integration of Distributed Generation (DG),
Hybrid Electrical Vehicles (HEV) leads to change in the structure of AC power
systems as well as the direction of power flow from a single direction to bidirectional
in the distribution systems [3, 4]. In [5], a review has been given about the demand
and economics of Renewable Energy Resources (RESs). The DC power of RESs
such as Photovoltaic (PV), and the fuel cell has to converted to AC for feeding to AC
grid, while AC power have to be convert into DC power at storage and load ends,
resulting in more conversion losses, and poor efficiency. For high power quality
distributed resources have been used in combination with DC distribution system [6].

The consumption of DC power by the DC appliances eliminates the conversion
stages required in the present AC distribution system. Moreover, the DC systems are
free from inductance, capacitance effects and skin effect, resulting in a lesser voltage
drop, power loss and line resistance. The DC system also requires less amount of
insulation than an AC system because of lesser potential stress for same working
voltage. Moreover, the multilevel voltage transformation ability of DC system pro-
motes to interconnect the different voltage level and power rating DG sources and
battery bank. It will go to increase the stability and reliability of the distribution system.

The DC load is supplied by DC power generated from load site DC sources and
stored energy dramatically improves the system efficiency, reduces energy costs
and environmental impact. On the other hand, the optimization of the voltage level
of the DC distribution system is the most important factor for reduction in con-
version losses and stages. A power-sharing method presents the control modes of
micro-grid when multiple distributed generators have been connected [7]. Some
literature explains the power sharing for hybrid power system [8]. Moreover, the
conversion of existing AC distribution systems into the DC distribution systems is
the greatest challenge for electrical engineers.

In the present scenario, Low Voltage Direct Current (LVDC) distribution
systems do not have standard voltage ratings as in the case of AC distribution
systems. The non-standardized voltage rating of the DC distribution systems again
requires more number of DC-DC conversion stages at the load, storage and the
generation ends, resulting in an increase in the conversion stages, losses and
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system cost. However, some literatures are available on the DC-DC converter and
AC-DC converter for renewable energy systems [9–15]. Table 14.1 shows the
conversion losses based on partial AC and DC loading of power system [16].
Three efficiencies viz. 95, 97, and 99.5 % were assigned to the DC-DC converters
for their comparative study.

The I2R loss can be represented by varying the voltages of the DC system. From
this Table, the difference in loss compared to the AC become small for 95 % DC-
DC converter, if 50 % of the loads are AC and 50 % of the loads are DC.

This chapter includes the topics which deals with not only the AC-DC-AC-DC,
DC-AC-DC conversion stages, but also the topics related to the reduction of the
DC-DC conversion stages, losses including system cost strategy in Indian envi-
ronment. Moreover, the conversion of wiring such as conversion of the existing
AC distribution system i.e. three-phase three-wire system, three-phase four-wire
system, etc. into multi-pole DC distribution system without any change in the
hardware is also discussed. The present chapter discusses the conversion losses in
the DC and AC distribution systems. Different topologies have been discussed
which may be helpful in reducing converter stages i.e. decreasing the conversion
losses. Total cost of the DC system has been calculated and some methods for cost
optimization have been explained.

14.2 Topologies of Different LVDC Grids

14.2.1 Topologies of Mini-Grid

‘‘Mini-grid having the more expansion of serving. It is an electrical power system that having
the span between two points to fulfil the requirements of more than one building’’ [17].

The converters and DC links are the main parts of DC distribution system. The
AC-DC conversion occurs near to the Medium Voltage (MV) line in each topol-
ogy. However, the points of DC-AC conversion may be at any locations. The
location, where DC-AC conversion is located at consumer range, is called the wide
LVDC distribution and the High Voltage Direct Current (HVDC) link may be DC-
AC conversion locations [18, 19]. Figure 14.1 represents the wide LVDC

Table 14.1 Losses based on partial AC and DC loading of power systems [16]

Loads AC (Watt) DC (Watt) DC (Watt) DC (Watt)

AC % / DC % 95 %a 97 %a 95 %a

100/0b 412 2317 1811 1119
50/50b 1679 1982 1313 583
0/100b 2872 1653 1008 329
a Represents DC–DC converter efficiency
b Represents ratio of AC/DC loads
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distribution system. The three-phase three-wire AC system is replaced here by
single DC line [20].

In Fig. 14.2, a DC line showing a HVDC link based DC distribution system
interconnects two separate AC networks. To make a suitable connection with
existing AC system, DC links are connected using transformers.

14.2.2 Topologies of Micro-Grid

‘‘A DC micro-grid is a group of many distributed energy resources which have the
capability to fulfill a specified load demand by a sufficient energy continuously’’ [17].

Fig. 14.1 Wide LVDC distribution system

Fig. 14.2 HVDC link distribution systems
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The layout of a DC micro-grid is shown in Fig. 14.3. This micro-grid structure
is a combination of three 240 volt (HVDC), 24 and 12 volt (LVDC) buses to draw
the three different types of loads viz. 240 volt, 24 and 12 volt loads in a same
building. The power fed to the HVDC bus (240 volt DC) is supplied by external
AC system via AC-DC converter while the photovoltaic plant and battery bank are
connected to the LVDC bus (24 volt DC). The Buck-boost converter is used to
interconnect the HVDC and LVDC buses. The HVDC bus is responsible to supply
the AC compatible appliances via DC-AC converter and the hybrid car. The
photovoltaic panel, battery bank and other appliances of 24 volt voltage rating has
been directly connected to LVDC bus and is used to supply the power to the low
power rating equipments such as DC motor drive loads, personal computer,
medium power load etc. While the 12 volt LVDC bus is designed for low power

Fig. 14.3 Layout of hybrid home power system (DC Micro-Grid)
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electronic appliances such as mobile. The power balancing in DC micro-grid could
be achieved by the AC-DC network converter and photovoltaic, battery bank and
storage DC-DC converters equipped with DC voltage regulator, which adjusts the
voltage in all the buses.

14.2.3 Topologies of Hybrid Electric Vehicle
(DC Nano-Grid)

‘‘Nano-grid is an electrical power system, defined between two universal points for ful-
filling the demand of a particular space in any building’’ [17].

Hybrid Electric Vehicle (HEV) designs is made up of a gasoline engine, a fuel
tank, an electric motor, a generator, batteries and a transmission system. The
electric motor, generator and batteries all work to gather on behalf of the hybrid
concept. Motors not only help power the car, but can also act as generators. It
means they can draw energy from the batteries, as well as return energy to the
batteries. The generator itself works solely to produce electrical power, while the
batteries store the energy to electric motors. Fig. 14.4 shows the layout of DC
hybrid electric vehicle (nano-grid) including distributed battery bank. According
to the load, the HEV power system is divided into HVDC and LVDC bus. The
power fed to the HVDC bus is supplied by the generator and battery bank-1 via
DC-DC converter. The HVDC bus is also connected to the propulsion system via
DC-AC converter. The air conditioning, power steering, and electric motor have
different operating voltage level and they are connected to HVDC bus via its own
DC-DC converter. The DC-DC converters interconnect the HVDC and battery
bank-2 to LVDC bus is responsible for power balancing in LVDC bus.

Fig. 14.4 Layout of hybrid electrical vehicle power system (Nano-Grid)
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14.3 LVDC System Connections

The LVDC distribution system may be categorized in two parts according to the
polarities of conductor.

14.3.1 Unipolar LVDC System

The construction of a unipolar system has two conductors with neutral and positive
polarity. The energy in the unipolar system is transmitted via single voltage level,
by which all consumers are connected. Fig. 14.5 shows a unipolar DC system.

14.3.2 Bipolar LVDC System

Bipolar system is a combination of two series connected unipolar system. The
consumers may be connected between different voltage levels as shown in Fig. 14.6.
The consumer connections 1 and 2 can lead unsymmetrical loading situations
between DC poles in system. The overvoltage is consequence of current superpo-
sition at neutral wire. The possible overvoltage can be restricted with cable cross-
section selection and the equal load balancing. The load balancing may be achieved
by placing the load between positive pole and neutral, negative pole and neutral,
positive and negative poles, and positive and negative poles with neutral connection.
The connections 1 and 2 are chosen to be used in studied of ±120 volt DC bipolar
system. The main lines of system contain all three conductors but at consumer end
2-wire cables connected between positive or negative pole. Therefore, the consumer
supply voltage is either +120 VDC or –120 VDC [20, 21].

Fig. 14.5 Unipolar LVDC distribution system
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14.4 DC-DC Converter Efficiency

In this section, the formulation of minimum required efficiency of DC-DC con-
verter of DC distribution system is discussed. This formulation has the ability to
make the efficiency of the DC distribution system near to any AC distribution
system. A step-by-step approach is used to derive the technique.

• Step1

In order to match the overall efficiency of DC system with the AC distribution
system, under the constraints of same load, the total power taken in Ptotalin should
be same [22]. The system total power input can be expressed as:

Ptotalin ¼ dPdli þ Pclosses ð14:1Þ

where, d is the number of DC/DC converters distribution levels in the distribution
system, Pclosses the losses in the distribution feeders transporting power from the
bulk power source to the distribution level converters.

In the DC distribution system, individual distribution level DC-DC converter
power Pdli can be obtained by an iterative process. A seed value is required in the
beginning of the iterative process. Pdli is considered as the seed value and can be
found as:

Pdli ¼
c � Pbulin þ PClossesð Þ

gdl
ð14:2Þ

where c, the number of residential buildings served by one distribution level DC/
DC converter, gdl, the efficiency of the converter, Pbulin the power input in one
building. It can be concluded that:

Pdli [ c � Pbulin [ c� PIþPACþPDCð Þ ð14:3Þ

Fig. 14.6 Bipolar LVDC distribution system with different consumer connection
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where PI, PAC and PDC represent power requirements of the three categories as
listed in Table 14.2.

In the present scenario three types of load such as AC compatible, DC com-
patible and AC-DC compatible load can be found in the building. The relative
percentage of these loads has been described in Table 14.2.

Due to power losses in the house hold converters, Pdli may be assumed slightly
higher than the total power consumed in the loads. The iterative process solves for
voltage and current values at each distribution level converter, starting from the
source side. Once the far end is reached, the following equality is tested,

Vcal � Ical ¼ Pcal ¼ Pdli assumed ð14:4Þ

where Vcal the calculated voltage, Ical the calculated current, Pcal the calculated
total power input to the building, Pdli_assumed is the assumed total power input to
the building.

If the equality holds, then Pdli_assumed is the actual value of power input for the
system. Otherwise, iteration is performed again with a modified value of Pdli. The
modification depends upon the results of the previous iteration. Specifically, if

Vcal � Ical\Pdli assumed ð14:5Þ

• Step 2

The individual building input power Pbulin can be expressed as:

Pbulin ¼ PI þ
PAC þ PDCð Þ

gPEC
ð14:6Þ

where, gPEC is the Power Electronics Converter (PEC) used in appliances.
Substituting expressions of Pbulin and cable losses in Eq. (14.2), and choosing a

suitable value for gdl, the resultant can be simplified to produce the following
equation.

Pdli ¼ a:g�2
PEC þ b:g�1

PEC þ q ð14:7Þ

where,

a ¼ R � PAC þ PDCð Þ2

V2
b

� c
gdl

ð14:8Þ

Table 14.2 Description of categories with percentage loading

Category Description Relative Percentage

AC Loads utilizing AC power 33.26
DC Loads utilizing DC power 66.00
I Loads that can use both (Independent loads) 0.74
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b ¼ PAC þ PDCð Þ þ 2PI � PAC þ PDCð Þ
V2

b

� �
� c

gdl
ð14:9Þ

q ¼ PI þ
P2

I

V2
b

� R

� �
� c

gdl
ð14:10Þ

where Vb the voltage at each housing unit, R the resistance of power conductor
from distribution converter to individual buildings. Equation (14.7) can be further
simplified as

a
0
:g�2

PEC þ b
0
:g�1

PEC þ k
0 ¼ 0 ð14:11Þ

a0, b0 are remain the same as a, b while

k
0 ¼ PI þ

P2
I

V2
b

� R

� �
� c

gdl
� Pdli ð14:12Þ

14.5 Loss Calculation in DC System

14.5.1 Cable Loss

A DC system has only active power. If the load power consumption and cable type
are same as AC then current and corresponding power losses in a DC system can
be expressed as [23]:

Idc ¼
P

Vdc
ð14:13Þ

where, Idc is current in DC system, P total power consumption in load and Vdc the
dc voltage:

DPdc ¼ 2:r:l:I2
dc ¼ 2:r:l:

P2

V2
dc

ð14:14Þ

DPdc power losses in DC system, r the cable resistance per unit length, Vdc the
DC voltage and l the cable length.

14.5.2 Transformation and Conversion Losses

There are AC-DC conversion losses and DC-DC conversion losses present at
different voltage levels in any multilevel DC system [24]. Main losses are con-
duction and switching losses. Due to partial distribution of current between IGBT
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and anti-parallel diode, the accurate finding for the conduction losses is becoming
difficult. Consideration is made by connecting a series resistance in series to create
a voltage drop. According to [25], IGBT module with series resistance exhibits
properties very close to an on-state resistance diode, and for this reason, con-
duction losses can be calculated in a simplified manner.

14.5.3 AC-DC Converter Losses

The power electronic converter is a combination of transistor and diode. The
power losses in a power electronic converter can be divided into conduction and
switching losses [25]. The conduction losses parameters of IGBT 2—generation
has been shown in Table 14.3. The average conduction losses in the transistor or
diode can be expressed as:

�Pc:loss;T=D ¼ uT0=D0

^ 1
2p
� a cos /

8

� �
þ rT=D I2

^ 1
8
� a cos /

3p

� �
ð14:15Þ

where Pc:loss;T=D the average conduction losses for transistor or diode, uT0, the
threshold voltage of transistor, uD0 threshold voltage of diode, rT, differential
resistance of transistor, rD differential resistance of diode.

The switching losses in the power electronic converters occur during the turn on
and turn off the power semiconductor and depend on the current blocking voltage,
the chip temperature and the current which are represented in characteristic maps

Table 14.3 Conduction
losses parameters of IGBT
2—generation [27]

Parameters Magnitude

uT0 1:1 V
uD0 0:832 V
rT 11:0 mX
rD 3:55 mX

Table 14.4 Switching losses
parameters of IGBT2—
generation [27]

Parameter Magnitude

a0Eon 0.0794
a1Eon 0.0060
a2Eon 2� 10�5

a0Eoff 0.493
a1Eoff 0.0239
a2Eoff �1� 10�5

a0Erec 0.6369
a1Erec 0.029
a2Erec –6E - 5
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of the energy losses per switch delivered by the manufacturer [26]. The switching
losses parameters of IGBT 2—Generation is shown in Table 14.4. The power
losses in switching are calculated by the following equation [27].

Ps

�
¼ fs

1
2p

Z2p

0

EonT iTð Þd/þ 1
2p

Z2p

0

EoffT iTð Þd/

þ 1
2p

Z2p

0

Erec iDð Þd/

2
66666664

3
77777775

Udc

Udcref
ð14:16Þ

where EonT, the switching on losses of the transistor, EoffT the switching off losses
of the transistor, and Erec, the switching off losses of the diode.

14.5.4 DC-DC Converter

The power losses in a power electronic DC-DC converter can be divided into
conduction and switching losses, where conduction losses consist of inductor
conduction losses and MOSFET conduction losses [28] (Fig.14.7).

• Inductor Conduction Losses
Inductor conduction losses is as follows

PL ¼ I2
L � RL ð14:17Þ

where RL is the DC-Resistance of the inductor,
The inductor rms current (IL):

D 1

L

CD2
Q2

Q 1

I1

I2

Iout

Fig. 14.7 Basic topology of
buck converter
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IL ¼ I2
o þ

DI2

12
ð14:18Þ

where Io the output current and DI the ripple current.
Typically, DI is about 30 % of the output current. Therefore, the inductor

current can be calculated as:

IL ¼ Io � 1:00375 ð14:19Þ

Because the ripple current contributes only 0.375 % of IL, it can be neglected.
The power dissipated in the inductor now can be calculated as:

PL ¼ I2
o � RL ð14:20Þ

• Power Dissipated in the MOSFETs

The power dissipated in the high-side MOSFET is given by:

PQ1 ¼ I2
rms Q1 � RDSON1 ð14:21Þ

where RDSON1 is the on-time drain-to-source resistance of the high-side MOSFET.

PQ1 ¼
Vo

VIN
I2
o þ

DI2

12

� �
RDSON1 ð14:22Þ

The power dissipated in the low-side MOSFET is given by:

PQ2 ¼ I2
rms Q2 � RDSON2 ð14:23Þ

where RDSON2 is the on-time drain-to-source resistance of the low-side MOSFET.

PQ2 ¼ 1� Vo

VIN

� �
I2
o þ

DI2

12

� �
RDSON2 ð14:24Þ

The total power dissipated in both MOSFET’s is given by:

PFET ¼ PQ1 þ PQ2 ð14:25Þ

PFET ¼ I2
o þ

DI2

12

� �
1� Vo

VIN

� �
RSDON2 þ

Vo

VIN
RSDON1

� �
ð14:26Þ

where

DI ¼
VIN � Vo � V2

o

� �
L� f � VIN

ð14:27Þ

and:
L = Inductance (H)
f = Frequency (Hz)
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VIN = Input voltage (V)
Vo = Output voltage (V)

• MOSFET Conduction Losses

Fig. 14.8 Cable size versus
prices in Indian scenario

Table 14.5 Investigated appliances, appliance ratings and estimated on time per day

Product name Quantity Ratings Appliance on time in
a day

Power rating
(W)

Current
rating (A)

Voltage
Rating (V)

Light bulb LED 4 7 0.60 12 DC 10
Light bulb CFL 2 12 1.00 12 DC 10
Microwave oven 1 235 10.00 24 DC 1
Induction stove 1 2000 10.00 230 AC 2
Electric geyser 1 1500 8.00 230 AC 1
Sandwich maker 1 550 23.00 24 DC 0.5
Coffee maker 1 135 11.00 12 DC 0.5
Refrigerator

(DC)
1 72 3.00 24 DC 12

Water purifier 1 11 0.50 24 DC 1
Ventilation fan 4 20 0.90 24 DC 5
Submersible

pump
1 240 10.00 24 DC 0.5

Washing
machine

1 70 3.00 24 DC 0.5

Vacuum cleaner 1 95 8.00 12 DC 0.25
Window unit AC 2 800 33.30 24 DC 12
Laptop 1 65 3.34 19.5 DC 7
Perdonal

computer
1 170 14.00 12 DC 5

External modem 1 5 0.43 12 DC 24
15.6’’LCD

television
1 30 2.50 12 DC 5

Ceiling fan 4 20 1.70 12 DC 4
Hair dryer 1 425 15.00 24 DC 0.5
Cell phone 4 4 0.30 12 DC 5
Hybrid car 1 3000 12.50 240 DC 10
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For typical buck power supply designs, the inductor’s ripple current, DI, is less
than 30 % of the total output current, so the contribution of DI2/12 to the is
negligible and can be dropped to get:

PFET ¼ I2
o

Vo

VIN
RSDON1 � RSDON2ð Þ þ RSDON2

� �
ð14:28Þ

Note that when RSDON1 ¼ RSDON2, then:

PFET ¼ I2
o � RSDON2 ð14:29Þ

The power dissipated in the MOSFET is independent of the output voltage. By
using Eq. (14.29) the conduction losses of MOSFET can be calculated at any
output voltage. On the other side, inductor conduction losses and switching losses
etc. are independent of output voltage and remains constant with change in output
voltage [22].

Table 14.6 Cable size, power loss and energy consumption for DC system

Product Name Cable Size
(mm2)

Cable length
(meter)

Energy Loss
in feeder
(kWh/yr)

Total Energy
Consumption
(kWh/yr)

Light Bulb LED 4 40 0.23 102.43
Light Bulb CFL 4 30 0.47 88.07
Microwave oven 6 10 1.05 86.82
Induction Stove 1.5 20 16.74 1476.74
Electric Geyser 1.5 30 8.04 555.54
Sandwich Maker 35 20 0.95 101.32
Coffee Maker 25 20 0.30 24.94
Refrigerator DC 4 20 3.39 318.75
Water Purifier 1.5 20 0.02 4.04
Ventilation fan 1.5 30 0.51 146.51
Submersible Pump 6 10 0.52 44.32
Washing Machine 6 25 0.12 12.89
Vacuum Cleaner 16 15 0.09 8.76
Window Unit AC 25 10 33.42 7041.42
Laptop 10 40 1.96 168.04
Personal Computer 25 15 3.69 313.94
External Modem 1.5 30 0.56 44.36
15.6’’ LCD Television 6 20 0.65 55.40
Ceiling Fan 4 20 0.36 117.16
Hair Dryan 16 15 0.66 78.22
Cell Phone 1.5 20 0.04 29.24
Hybrid Car 1.5 10 65.40 11015.40
Total Energy in kWh/year 139.17 21834.31
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Hence, PD now can be computed as:

PD ¼ PL þ PFET þ otherlosses ð14:30Þ

There are some other types of losses such as the MOSFET switching losses,
quiescent current etc. At any output voltage, the overall efficiency can be calcu-
lated by the known total power supply losses and power supply output power.

g ¼ Po

Po þ PD
ð14:31Þ

14.6 Total Cable Cost

The voltage drop across the feeder cable and current is high for the 12 V DC
systems. The dependency of these losses is on the household appliances as well as on
the cable size (length and cross sectional area). For the 12 V DC systems, the current
is double for the appliances of same power rating compared to the 24 V DC systems.
Hence, power losses and voltage drops will decrease by increasing the voltage
rating. If the wire resistance is reduced then the power losses across the cable can be
reduced, as the resistance is inversely proportional to the cross section of the wire.
The losses in the cable can be reduced by increasing its cross-sectional area. For
example in a load of 500 W the power losses reduces 40 % if a 2.5 mm2 cable is
used instead of a 1.5 mm2 cable. However, when the cross-sectional area increases it
will definitely increase the copper cost used in the cable. The total cost of the cable
can be minimized by minimizing the cross sectional area of the cable [29].

The total cost of the cable is calculated as the sum of the investment cost of the
cable and the cost of the losses in the cable.

The total annual cost is calculated as:

Ct ¼ Cc þ
Wfl

year
� N � Ce ð14:32Þ

where Ct the total cost, Cc the cable cost, Wfl feeder energy loss, N life time and Ce

energy cost. The life time is assumed to be 25 years and the energy cost Rs.1 /
kWh. From Fig. 14.8, it is seen that the copper wire cost increases almost linearly
with the cross section of wire.

The annual cable cost can be expressed as:

Cc ¼ C1 þ C2Að ÞRs: ð14:33Þ

The annual cost of energy waste can be calculated as:

Cew ¼
C3

A
Rs: ð14:34Þ
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Total annual cost

Ct ¼ C1 þ C2Aþ C3

A

� �
l ð14:35Þ

where C1, C2, C3 are constant and A is the cross sectional area of conductor.

C1 ¼ 2:662 Rs:=m; C2 ¼ 1:959 Rs:=mm2: m; and

C3 ¼ Pr � N:q � EON �
Ion

Vdc
Rs: mm2=m

ð14:36Þ

The optimum area that minimizes the total cost can be calculated as

dCt

dA
¼ C2 �

C3

A2
¼ 0 ð14:37Þ

A ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
3:75NqEonIon

1:959Vdc

s
ð14:38Þ

The on time in a typical day of different ratings appliances in a building is
shown in Table 14.5.

The description of cable size (area of cross section and length) to connect
particular appliances to the supply is based on Table 14.6. The energy losses in the
feeder and the total energy consumption in each appliances of building for a year is
also shown.

14.7 Conclusions

In this chapter, DC grids and Hybrid Electric Vehical (HEV) architechture has
been discussed. Topologies and wiring system discussed here are very helpful to
understand the most efficient way of interconnection. Tabular data of energy
dissipiated in DC appliences and the cable cost data representing a easy way to
understand the correlation of different parameters associated with losses. Graphical
relation of cable cost vs. cable cross-sectional area representing a recent study of
indian power economics. The relation is almost linear in nature with some
exceptions. So the cost calculation can be done by standard formulation. Overall
chapter giving a brief knowledge about DC grid topologies, losses and cost
optimization, which are the main requirements to design a DC system.
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