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Abstract

The study of (30 kv) electric network of Libyan grid is an essential to upgrade the

power network for handling the continuous load growth due to growth of population
and economy of the country.
The (30kv) electric network is the sub-transmission system that links the transmission
system with distribution system, and transferring a high power to the costumers. The
power losses is increased in this part of electric system, since it is considered to be
medium level.

The system re-planning and redesign should be applied periodically as load demand
increased through years and applying the new planning methodologies that depends on
new technologies that takes the renewable energy and environmental issues in
consideration which will result in a great plans, and an electric grids that matching the
world grids and handle the new technologies, such as smart grid technologies.

In this research, a re-planning and redesign for Az-zawia electric grid of (30kv) level
will be applied using conventional methods and new technologies of distribution
generation (DG) method.

The study will compare between the two methods and conclusion will be deduced for
the future load forecast up to next twenty years.

1- Introduction.

The methodology of conventional distribution system planning is to meet the load
demand growth by adding new substation system and feeders or expanding the
existing ones. In the large population, area where the load demand is yearly increased
the adding and/or expanding the distribution substations start not be easy due to the
difficulties in construction inside the city centers and the increase of cost due to
inflations.

In this case another way or methodology can be introduced that depend on the new
technologies which leads to the idea of future smart grid systems. The penetration of
distribution generation within the electric network can be considered as the other way
in the re-planning and redesign consideration, procedure.

Deregulation of the electric utility industry, environmental concerns associated with
traditional fossil fuel generation power plants, volatility of electric energy costs, and
world regulatory support of “green” energy, and rapid technological developments all
support the proliferation of distributed generation in electric utility systems. The
growing rate of DG deployment also suggests that alternative energy-based solutions
will play an increasingly important role in the smart grid and modern utility.
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Large-scale implementation of distributed generation can lead to the evolution of the

distribution network from a “passive” (local/limited automation, monitoring, and
control) system to an “active” (global/integrated, self-monitoring, semi-automated)
system that automatically responds to the various dynamics of the electric grid,
resulting in higher efficiency.
In this research, the DG will be considered as an option in the re-planning and redesign
study of Az-zawia (30KV) sub-transmission system for next twenty years or more
choosing DG to be connected to the sub transmission buses specially the remote ones
and/or that suffering the voltage dips due to load increasing, this will compensate for
adding feeders or expanding the substations.

2- Distribution generation definitions, and applications.

The term “distributed generation,” or DG, refers to the small-scale generation of
electric power by a unit sited close to the load being served. DG technologies range in
size from (50 kW to 50 MW), and include both fully commercial systems, such as
reciprocating engines, and others that are primarily in the laboratory, such as fuel
cells.

Distribution generation (DG) are defined as small generator for units installed in
(T&D) system at low and medium voltage levels.

The concept of (DG) application in (T&D) systems is not new; there is an increase
trend towards DG applications in power systems. It is predicted that DG will have a
share of about (40%) or more year by year, of the new generation units being on lined,
including the renewable energy sources.

Distributed generation (DG) technologies can provide energy solutions to some
customers that are more cost-effective, more environmentally friendly, or provide
higher power quality or reliability than conventional solutions

Distributed generation (DG) is currently being used by some customers to provide
some or all of their electricity needs. There are many different potential applications for
DG technologies. For example, some customers use DG to reduce demand charges
imposed by their electric utility, while others use it to provide premium power or reduce
environmental emissions. DG can also be used by electric utilities to enhance their
distribution systems.

3-Re-planning Methodology and Master Plan.

For any re-planning and redesign study, (T&D) system should have an assumptions
and condition that should be considered and taken through planning procedure.
According to this assumptions a master plan will be designed considering all or most
of the factors effecting the system and choosing the best methodology possible that
leads to the best system performance. A master plan for re-planning and redesign of
Az-zawia 30kv sub- transmission system will be performed using conventional and
DG penetration methods.
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The conventional method is the one where the system substation and feeder can be
expanded and/ or new components are added that keeps the system, meeting the load
growth of the future years. In this method transformer and lines are upgraded a units
can be added to keep system performance meet the required energy demand.

The DG penetration method is the one where a DG size is considered and connected
to the system bus bars that suffering voltage dips or close to the loaded lines. The DG
penetration considering only the connection of DG to the system buses of certain
chosen size, and study its impacts on system performance.

The methodology of the conventional plan is given in the next flow chart in figure 1
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Fig. (1) Flow chart for conventional re-planning and redesign master plan.

The methodology used in this conventional planning method is summarized in the
following steps:

1- Collect system data and arrange it, for computer analyses.
2- Choose the software required for system performance study.

3- Consider the rated loads on system transformers and check for system
performance, at this loading.

4- From result define the system weakness.
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5- Use annual growth of (8%) considered by GCOLE and exponential forecast to find
the number of years for the system to reach the rated loading.

6- Check which year the system start suffering weakness.
7- Starting this year find the modification required to upgrade the system.

8- Check the system for every five years in the future up to twenty years and modify
the system to meet the load demand.

9- Show the new results each time.
4-Methodology and Master plan for DG penetration method.
In this method, the flowchart is shown in figure (2).

The following steps are considered for this planning starting from step 6 in the
conventional planning methodology.

1- Check which year the system start suffering weakness.
2- Add a certain DG size at the buses have voltage violations or close to loading lines.
3- Change the location and size of DG that gives better results and less power losses

and solve for weakness.
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Fig. (2) Master plan using DG penteration.
4- Repeats the procedure for next five years of growth and show the new results.
5- Continuous the procedure up to twenty years growth of load.

In both cases, show your analysis.
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5. Az-zawia30kv system Description.

Az-zawia 30kv sub transmission electrical network is fed from (220/30kv) of Al-
harsh substation, and (220/30kv) close to generation plant in figure 3.

The (30kv) network configuration have fourteen bus bars where the loads are fed
through (30/11kv) transformers. In this research the procedure of re-planning and
redesign will be applied to Az-zawia (30kv) network using the conventional planning
methods of the adding and expansions to the system configuration to meet the load

growth requirements.

Also, DG penetration will be considered, that to add a DG units to the system through
the (30kv) choosen buses in the area of high loading densities and/or suffering low

voltage profile.
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Fig.3 shows Azzawia 220/30 KV network

The procedure of re-planning and redesign will follow the master plan steps explained
in last section.

The 30kv line diagram is shown with all system data and loading of year 2014, each
(220/30kv) substation have two (220/30) transformer of 100 MV A size each.

The following assumptions are considered through this study:

eThe system loads taken from GECOL are during august 2014 and considered as the
yearly highest loads.
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eThe (30/11kv) transformers MVA rating are considered as the rated loads of (30kv)
system.

eThe buses voltage limits in normal operating condition are ranged between (95% to
105%) .

eThe loading limits of the lines are (100%) loading according the line empacity (current
carrying capacity).

eThe load is uniformly distributed through Az-zawia area, which means that the load
density MVVA/km is uniformly distributed through the area.

e If a contingency which is up normal conditions is considered the voltage limits range
will be (90% to 110%) and the load ability is (120%).

For the re-planning and re-design the following procedure steps are considered:

oStudy the circuit performance at rated loading condition by using load flow analysis
program (NIPLAN).

eConsidering annual load growth of 8% and using exponential load growth procedure
to find, in how many years, this rated load will be reached.

eConsidering the peak load of year 2014, that is the actual loads and run the program
for performance analysis to check for system weakness.

eConsider the short-range period of five years and check the system performance
considering the changes needed in the past annual analysis and make remedy needed.

eConsider also the longer period of ten year and twenty years planning and, repeat the
same procedure, and find the new plan and design.

eFor second case study, all past steps will be repeated but considering the distribution
generation, as the solution for the system deregulation by adding a certain size of DG
to the buses suffering voltage violation and /or close to loaded feeders.

eAccording to GECOL the annual load growth is given to be (8%) annually.
oFor safety re-planning and redesign the exponential load growth is considered.

In all cases, total power losses are counted and compare with the redesigned cases
for analysis.

6. Case studies and analysis

In this section some case studies will be chosen for this research to introduce best
analysis possible for the chosen network.

6.1 Case i: considering actual peak loads of year 2014.

In this case, Using NIPLAN softwear the analysis shows that the network suffering
of feeders overloading, that should considered for redesign.

6
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This rated load will be reached according to annual load growth of 8% and using
exponential load growth procedure after (n) years that can be calculated as follows.

Sn=So(1+g)".............. (1)

Assuming annual load growth g = 0.08

To find the number of years for the transformers to start reaching rated loading,
consider the highest actual load on one of the buses at year 2014.

Use the exponential load growth given in equation (1) to find the number of year n
considered the actual present load of 2014 at bus number 9 in the network, fed by
(30/11) transformer of 20 MVA rated, transformer, which is the highest load.

Use equation (.1) to find number of year n at bus 9 since the peak load now is 10 MVA
20 =10(1+0.08)", Solving forn = n=9 years.

Then the rated loading will be reached after 9 years that means 2023 is the year for
the circuit to have rated loading though it's buses.

To check for system weakness the year 2014 will checked.

In this case, the actual peak loads of year 2014 is considered as show in figure(3) for
the analysis of system performance it is found , to be perfect and have no negative
indicators . Table (1) shows the system performance at actual loadingof year (2014).

Table (1) shows the system performance for actual loading year (2014).

From To Ploss | QLloss | Plmp | Qlmp | PGen | QGen | Pload | QLoad

ArealZone | ArealZone | MW | MVar | MW | MVar | MW | MVar | MW MVar
Network A5 13 (120832 (0SB (20832 (S0582 (119475 19ER2
Area ! AET IR 0 120832 (50582 119475 5TER2
Zone 1 AET IR 0 120832 (50582 (119475 (5eR2

Un PLossLi| QLossL|PLossT| QLoss
kY L MVar | MW MVar
ki 1157 B il 0

6.2 Case ii: considering the loads reached the rated values.

The rated sub-transmission transformers sizes are considered as the rated loads
Table shows the results of system performance, using NIPLAN software.

As shown in table 2.
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Table (2).the system performance results at rated load

From To Ploss | Qloss | Plmp | Qlmp | PGen | QGen | Pload | QLoad

ArealZone | AreaZone MW MVar MW | MVar | MW Mvar MW MVar
Network 13251 (19874 (373251 194234 (373251 (194234 136D 1743%
Area | 13251 119874 0 0 25 1184234 1360 174,38
Zong 1 13251 (19874 0 0 3251 19423 360 17436
Un PlossLiQLossL|PlossT|QLoss

kV MW WMVar | MW WVar
Kl 13251 (19874 0 0
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6.2 Case iii five years load growth, the year (2019) is considered.
In this case, the five years growth is considered with 8% annual growth.
The system performance are shown in Table (3).
The study shows that the system will suffer from feeder overloading.
To solve this problem the expanding of the substation feeder will be considered.

“The cables L(8-00)4 , L(8-00)3 , L(8-00)5 , L(5-00)2 , L(8-00)2 , L(5-14)1 , L(5-14)2
,L(6-00 )which are of (240 & 150mm? ) size will be re-conducted by( 630mm? )
cable sizes.
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Table (3) shows the load flow of the network after 5 years.

From To Ploss | Qloss | Plmp | Qimp | PGen | GGen | Pload | QLoad

ArealZone | ArealZone | MW | MVar MW | MVar | MW | MVar MW MVar

Network 2528 4234 172888 (78325 172898 (7R3Z5 170489 (82559
Areat 258 44 00 0 172898 (78325 (170469 (82559
Zone | 258 44 00 0 172898 (78325 (170469 (82559
Un PlossLi{QlossL|PLossT|QLoss

kv MW MVar | MW MVar

3 258 424 00 0

Overloads

Elements | % Type

L(E-00p4 116.63 Ling
L(E-00)3 116.63 Ling
(&-00)8 1087 Ling
(30012 10637 Line
(80012 10682 Line
(1412 10408 Ling
(141 10408 Ling
L6-00 101.36 Ling

L
|
|
X
L

Taking this remedy in consideration and run for the system performance,
The results shown in Table (4), no weakness are shown in the system performance.

Table (4) the system performance after remedy (2019)

From To Ploss | QLoss | Pimp | QImp | PGen | QGen | Pload | QLoad

ArealZone | AreaZone | MW | MVar | MW | MVar | MW | MVar | MW | MVar

Network 16 TEDS 17209 (T4 72006 TASR 1T0ABY (B25%9
Area ! 167 7605 10 0 72006 74054 170480 (82559
Zone 1 167 LTES 0 0 T2096 74954 170469 (3259
In PLossLi| OLossL| PLossT|QLoss
kv W WV (W | WVar

Kl 167 TRl 0 0

Notice: The reconducting of such lines need a lot of effort and high cost,and takes
time that may effect the city replanning.

6.3 Case iv: system performance after ten years (2024) of load growth.

The load growth after ten years, which is year 2024, is considered including the changes
done in year 2019 on the network, the performance are shown in table (5).

The weakness of the system is found to be the heavy loading of the feeders.

In this case, most feeders are heavily loaded that makes the solution by expanding the
system feeders is not practical any more.

The following expanding and adding to the system is considered:

oA new (220/30kv) substation considered as shown with two (220/30kv) transformer
of size (LOOMVA) each given name (N0QO).

oA new (30/11kv) substation is added given name (N 14).
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eThe cables L(10-8)1, L(10-8)2, L(8-4)1, L(5-00)2 which are of (240 & 150mm? )
size will be re-conducting by( 630mm? ) cable sizes.

Table (5) the system load flow analysis for year (2024).

From To Ploss | Qloss | Pimp | Qimp | PGen | QGen | Pload | QLoad
AreaZong | ArealZone | MW | MVar | MW | MVar | MW | MVar | MW | WVar
Network 34 (A9 (253090 (119304 (253998 11934 250STR 12136
Area ! KV I 1 Z3908 11034 (20057 1B
Zong 1 W 1 Z3008 11034 1200578 116
In PlossLi QLossL|PLossT|OLoss
kv WA [MVar (MW [ WVar
1 980 1
Overloads
Flements | % Type
LBp 2R Ling
LEE 2R Lig
Liog2  1Bd5 Line
LB 1B Ling
e 1n Lig
LA e Lig
1600 19 Lig
LE4)1 0 Ling

Added new line: L(8-00) , L(000-10) , L(000-11) , L(14-5) , L(6-00) , L(5-00) and
double line L(000-5) , L(000-14) , L(14-5) , L(000-13). The results shown in table 6.

After adding, those changes the performance of the circuit is checked and the analysis
shows that all weaknesses are avoided as shown in table (6).

Table (6) the system performance consider growth (2024).

From To Ploss | Qloss | Plmp | Qimp | PGen | QGen | PLoad
AreaZone | AreaZone | MW | MVar | MW | MVar | MW | MVar | MW
Netwark 148 10581 (2038 109799 252038 109799 250578
Areg 1 14 1 252038 (109799 250578
Zune 1 14 5 1 252035 (109799 250578
ln PLossLi| QLossL|PLossT|QLoss
kv L] WVar | MW WVar
kil 14 18 1

6.4 Summary and discussion of results.

In this case using conventional method of adding and expansion of system elements for
re-planning and redesign shows the following:

eThe (30kv) system have a good voltage profile even in future load growth up to ten
years.

eThe lines are suffering overloading as load increased through load forecast with
growth rate of 8%.

10
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e The system should be reconfigured every five years by recon-ducting and / or doubling
the system lines to handle the load growth.

eAlso a two substations of (30kv) and (220/30kv) substation should be added to new
the lines should be connected or added as well.

The addition and expansion to the system is a task that need time, effort, and budget to
be implemented. Also those procedure will be done inside the city, which needs to
reconstruct and rebuild the manholes and the city streets by such civilian works.

This procedure will affect the commercial and industrial as well the social activity in
the area that maybe considered in cost calculations.

7. Case studies considering the DG penetration method.

In this case and according to the new technology solutions for upgrading the electric
distribution system performance, the electric distribution generation will be considered,
to be added to the distribution system.

Repeating the same re-planning and redesign for Az-zawia central distribution network
but assuming DG connected to the remote buses with sizes between (5MVA to
25MVA).

The procedure is as the follows in each case:

1- Connect a DG with (25MVA) size to the buses pluses considering the larger
size cables and check for best system performance that can solve the system
weakness for next years.

2- For future growth take the added DG and cables in consideration and proceed.

7.1 Case i: Considering five years growth (2019).

The Five -year growth after year 2014 is considered and table (7) shown the system
weakness.

Table (7) the system load flow analysis for year(2019).

from To Ploss | Qloss | Pimp | Qimp | PGen | QGen | PLoad | QLoad

AreaZone | ArealZone | MW | MVar | MW | MVar | MW | MVar | MW | MVar
Network 259 424 2N TRIE MRS TR MM0AED RS
Areal 208 4 I T8 TR (T0468 RS
e | 259 4 I 298 (7835 170489 (82559

Un PLossLi|QLossL{PLossT|QLoss

kv MWWV (MW | WVar
k] 29 4 I
Overloads

Flements | % Type

L4 11683 Lne

L3 11663 Lne

LSy Lne

Lz 0y Lne

L2 iR Lne

LEMZ 0408 Ling

LT 0408 Lne

L640 10138 Lne

11
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To solve the weakness of the system performance the following will be considered:

eAdding two 25 MVA DG'S at buses (N 8), (N 6).

eThe cables L(5-14)1, L(5-14)2 which are of (240 & 150mm?) size will be re-
conducting by ( 630mm? ) cable sizes.

e The system performance shown in Table (8) that shows a greater system
performance

Table (8) the system performance consider growth (2019).

From To Ploss | Qloss | Pimp | Qlmp | PGen | QGen | PLoad | QLoad
ArealZone | AreaZone | MW | MVar | MW | Mvar | MW | MVar | MW | MVar
Nefwork 1560 BA% 16038 (BA13 208 (TBA3 (70460 (250
Area | 189 B4 0 | 208 (TE13 I 1T04ED BRSS9
Zong 1 1589 84 00 0 7208 (76133 170469 (BRSS9
Un PLoss Lii QLoss | PLossT|QLoss
kv Wil WVar | MW WVar
0 1589 84BN |

The total system losses are found to be (1.569) MW compared with total losses before
adding DG that was (2.529) MW that means the total system losses reduced by 0.960
MW.

7.2- Case ii: Loading growth after ten years (2024).

The load growth after ten years, which is year 2024, is considered including the changes
done on year 2019 on the network, the performance are shown in table (9).

Table (9) the system load flow analysis for year (2024).

From To Ploss | Qloss | Pimp | GImp | PGen | QGen | Pload | Load
ArealZone | ArealZone | MW | MVar | MW | MVar | MW | MVar | MW | WVar
Network A6 D514 (26T (BM4E (25474 12045 (2505T8 1M
Area | o e | 247541048 29058 1B
Zone 1 o e | 247541048 29058 1B
Un PLossLi QLossL|PLossT|QLoss
KV MW [ WVar MW WMVar
ki A s 0 ]

Elements | % Type

R Lne
[ 5 e
LW T lm
Lige e Lne
Ly s Lng
I
L

(alll:] 1817 Line
&00)2 11482 Line

L(&-0oyt 10842 Lin
L& 10687 Ling
L34 nn Line

To solve for the weakness of the system performance the following will be done
respectively.

12
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eAdding four (25 MVA) DG'S at buses (N7), (N 4), (N 5) and (N 10).

eThe cable L(8-10 )1 which is of (240 & 150mm?) size will be re-conductred by
(630mm?) cable sizes table 10 shows the system performance after adding DG..

Table (10) the system performance considering growth (2024).

from To Ploss | Qloss | Plmp | Qimp | PGen | QGen | Pload | QLoad

ArealZone | Areaone | MW | MVar [ MW [ WNar | MW | WVar | MW | MVar

Network 084 LB7B 11332 B2 iDSA3®D 11252 iNNOSTR (1%
hrea ! (AT Y A 1 LI 25T 0SS A
Zong 1 (ALY A 1 B 252 PE0ETE HAHE
n PlossLi O LossL|PLossT|(Loss
kv Wi War | | WNar

Kl 00 878 0 0

The total system losses are found to be (0.814) MW compared with total losses before
adding DG that was (4.176) MW, that the reduction in power losses is 3.362MW.

7.3-Case iii: Circuit performance after fifteen years growth (2029).

In this case, the load growth of (8%) is considered as well and exponential growth,
taking the remedies of year 2024 in account.

The system performance analysis using NIPLAN are shown in table (11).

Table (11) the system load flow analysis for year (2029).

From To Ploss | Qloss | Plmp | QImp | PGen | QGen | Pload | QLoad
Area/Zong | AraZone | MM | MNar | MW | MVar | MW | MVar | MW | MVar
Network Q06 IM 23R 08708 (W0IE ATATNE T 17D
Area ! 20 0 1 IR TEN e T T
Zone | 80 1 T ATTE T TR0
Un PLossLiQLossL|PLossT|Q Loss
KV W | WVar (W | War
kil AL KT 1
Overloads
Flements | % Type
[[EALH X Ling
s 1By Ling
L2 14T Line
LET) ¥ Ling
1900 1wy Ling
1600 1628 Line
L3-8y 10355 Ling
L 0ea7 Line

To solve the weakness of the system performance the following aspects must
considered:

eAdding three (25MW) DGs at buses (N3), (N14) and (N9).

13
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Table (12) shows the system performance consider growth up to year (2029) after
remedy.

Table (12) the system performance considering growth (2029).

From To PLoss | QLoss | Plmp | Qlmp | PGen | QGen | Pload | QLoad

ArealZone | AreaiZone v MVar MW | MVar | MW Mvar v MVar
Network 1487 (8415 162047 [T2604 (360.047 1TIG04 (JETSE TR0
Area 1487 (8415 10 0 9047 LITIG04 PIETSE 17RO
Zone 1 1487 (8415 10 0 9047 LITIG04 PIETSE 17RO

Un PLoss Lij O LossL|PLossT|QLoss
kv L MVar | W MVar
30 1487 (8415 10 0

The total system losses are found to be (1.487) MW compared with total losses before
adding DG that was (2.766) MW.

8. Summary and discussion of results.

In using the DG penetration method, it is found that , the system can handle the load
growth by adding DG's units to the bus bars that suffering low voltages or close to over
loaded lines. This method shows that adding DG's compensate the adding and
expanding the system cable and sub stations for remedy.

Adding of DG's units of (25 MVA) is applied now in many electric power systems in
the world that adds benefits to the system performance. The following advantages are
noticed using DG penetration method.

e Power losses are reduced up to (60%) or more.
e \/oltage profile is upgraded.
e Efforts of reconstructing and rebuilding is saved as well as it's cost is saved.

e Time for adding such units is reduced compared to the time needed for adding or
expanding of system substation and power lines and cables.

8.1- Cost evaluation and comparison study.

Through this research, one can see the benefits that be accomplished by using the
method of DG penetrations in the electric power system. Checking the cost needed to
add a distribution generation (DG) to the system and according to the world reports and
studies.[3], it is found that.

The overall cost of adding one DG of (1IMVA) size will be in the range of one million
dollar at the most.

So adding DG with (25MVA) size will not exceed 25 million dollar.

From the local company's information that works in the field of construction of electric
cables [3], the average cost of installing 1km of cable is about 250,000 dollars. Adding

14
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to the cost, the impacts of the reconstruction procedure on the social activities and
economies that delaying the live activities in the city centers and load centers.

As an example adding and re-conducting of 100km cables will cost (25 million) dollars
and this will need to added power from central generation units to the increased load
and more losses will be increased.

Considering the cost of power needed and added system losses comparing to DG added
system and the resulting power losses, it clear that DG benefits are great.

From loss point of view if by adding DG to the system saves (SMW) for example:
The energy saved will be: 5MW x 8760h = 438000 MWh / year.
For a period of 20 year energy saved is: E = 20 x 43800 = 876,000 MWh.

By kilowatt-hour: E =876 x1000000 kWh.
If cost (0.05) dinnar is considered for one kWh:

Costsaved = 876000000 x 0.05 =43800000. Which about 44 million dinnar.
Table 13 shows the comparisons of losses before and after adding the DG.

To find the benefits of using DG for cost saving and loss reduction according to this
research and depending on the world reports about DG technologies effect and benefits
over local cable costs and installation according to 2014 offers by locate construction
companies.

In an atmosphere of changing customer energy needs, DG technologies, alone or in
combination, may offer superior economics or a better overall energy solution for
some energy customers.

Table 13 the comparative the system loss before and after added DG.

The system power loss in MW
Year of growth Before added After add DG Loss reduction
DG
2019 2.529 1.569 0.839
2024 4.176 0.814 3.362
2029 2.766 1.487 1.179
2034 6.182 1.139 5.043

8.1 Conclusions

Az-zawia network sub transmission systems was studied for re-planning and re-
designing according to load growth for short period and long period plans, using
conventional methods of adding and/or expanding to the system for good performance.
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The results shown that the system suffering only form feeder loading where the
necessary solution is considered up to year of 2034.

Also using the new technologies of distribution generation (DG) for re-planning
procedure by adding units of DG to the buses close to/ or connected with loaded feeders.

This method shows a great solution compared to the conventional ones in system
performance that:

- Reducing the number of re-conducing and doubling of feeders that reduces the power
loss.

- reducing the overall construction and operation costs,
- Save time and effort of reconstruction.
- enhancing the voltage profile of the network.

- The DG may be a renewable energy system of photovoltaic (PV) or wind energy
which have a great future in libya.

9- References.

[1] ©1999H. Saadat, power System Analysis Boston: WCB/McGraw-Hill, Copyright.
[2] Electric power Distribution system engineering .............. Tran Gonne.

[3] Resource Dynamics Corporation 8605 Westwood Center Drive Vienna, VA 22182
(703) 356-1300 www.distributed-generation.com.

[4] Philip P. Barker, R. W. (2000). Determining the Impact of Distributed Generation
on Power Systems: Part 1 - Radial Distribution Systems. 12. IEEE. Retrieved 02 16,
2011, from IEEE.

[5] De Kock,J." Practical Power Distribution for Industry™, an imprint of Elsevier
Linacre House, Jordan Hill.

[6] Mario Vignolo, R. Z. (2002). Transmission Networks or Distributed Generation.
Montevideo, Uruguay.

[7] N. Hatziargyriou, M. D. (2000, November). Cigre technical brochure on
Modeling New Forms of Generation and Storage.

[8] Gonzalez-Longatt, F. M. (2008, Junio). Impacto de la GeneracionDistribuida en el
Comportamiento de los Sistemas de Potencia. Universidad Central de Venezuela.

[9] Ingenieros, A. M. (2011). grupoglobalgreen. Retrieved May 20, 2011, from
grupoglobalgreen: www.grupoglobalgreen.es.

[10] tutorvista. (n.d.). Retrieved February 18, 2011, from tutorvista:
http://www.tutorvista.com/physics/wind-electric-power.

[11] Energy OR Technologies Inc. (n.d.). Retrieved February 15, 2011, from Energy
OR Technologies Inc: http://www.energyor.com/energyor/fuel_cell.cfm.

[12] Fladerer, T. (2004, March). The Asynchronous Generator in Small Power Plants.
Ruhstorf.

[13] Chan, T.-F. (2003). SYNCHRONOUS MACHINES. Encyclopedia of Life
Support Systems, Polythecnic University, HONG KONG.

16



http://www.grupoglobalgreen.es/

Al academia journal for Basic and Applied Sciences (AJBAS) vol. 3/No. 1 June. 2021

[14] WalmirFreitas, J. C. (2006, February). Comparative Analysis Between
Synchronous and Induction Machines for Distributed Generation Applications. IEEE
Transaction on Power Systems.

[15] Khan, U. N. (2008). Impact of Distributed Generation on Distributed Network.
Wroclav, University of Technology, Poland.

[16] Martin-Arnedo, J. A. (2009, October). Impacts of Distributed Generation on
Protection and Power Quality.

[17] Advanced Stationary, Reciprocating Natural Gas Engine Workshop, Department
of Energy, San Antonio, Texas. January 12-13, 1999.

17




