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ABSTRACT

Based on the introduction of the distributed PV aapis and principles, this paper focuses on theaotgpon the
grid of distributed photovoltaic power generatiomrfprmance, and combes the literatures of the eegno
Performance The impacts on the grid performancéude aspects of voltage, island effect, photovol&dficiency
and harmonics. In economic terms, this paper dbssrthe models of different perspectives and scholdis study
hopes it can be helpful to other scholars in thelgtof distributed photovoltaic grid.
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INTRODUCTION

Distributed PV is the system that transforms selaergy into electrical energy through a series \éfnodules.
Grid-connected PV system mainly consists of thradsp they are PV arrays, inverters, and otherasps the
grid[1].

As one kind of Distributed generation systems,weking principle of Distributed PV is scientifitn the sunlight,
solar phalanxes emit DC current, then the invertgverts DC current to alternating current which be directly
used by appliances.While the system is connectatedig power grid, leading that the system calivelethe
excess electricity to the big power grid during ttiey and absorb the inadequate electricity from hige
grid[2].Currently, there are lots of articles stimy distributed PV both at home and aboard. Thigepdirstly
introduces the concepts and principles of disteduPV,then sorts out and analyzes the followinghigoithe
performance of distributed PV on the grid and tbenemy of the system.That is to say,the paper suinesathe
status of research in the field.

EXPERIMENTAL SECTION

Voltage | mpact

Some scholars established a Matlab simulation mafdeistributed photovoltaic power connected to ghiel, using
the model to study the impacts of distributed P\sgsiem voltage and voltage adjustment stratedieSTEEMBER
L H and others studied the effects on the voltafyeistributed PV accessing intol0kV distributiontwerk at
different locations, and also studied the aximurpacity can be accepted by the big grid, and lasttiglied the
measures to increase the capacity of photovoltaweep generation[6]. Conti S and others, from thespective of
power system voltage drop,studied the mechanisimdicts of one single photovoltaic connected in®lig grid,
and finally defined a formula to calculate the Papacity connected into the big grid[7]. The claakimodel to
study the influences of distributed PV on the wgités as following[5-7].

2508



Wel Pi et al J. Chem. Pharm. Res., 2014, 6(7):2508-2514

(1) Before the PV accessing to the big grid, two adjatmad point voltage drop size is
)
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Where, R Qs respectively represent the active and reactive pafe¢he load point.AsPn 0.Q, O,we can
easily getAU m < O'
3) After the PV accessing to the big grid, there are tases to calculate the two adjacent
load point voltage drop.One case is that the laants behind the access point,that is to,say
N
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When =m ,then AU, <o;When =m ,then AU, O.The other case is that the load point is

h
before the access pointthat is to say, the loadtag® of the m' point is always less than
theMtNpoint(N = M=1y namely
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Based on the above model, there are scholars stytlye voltage changes of the PV connected toridefrgm the
perspective of the grid voltage drop. Separateghaed the impacts on voltage of single and mudtjghotovoltaic
accessed to the big grid,then reaching the conusiat line voltage would rise after the PV conedcto the big
grid,and got the various factors affecting the agd{8].

The model is described as following. Before thed®¢essing to the big grid, two adjacent load pealtage drop
size is as stated above. After all PV connectdati¢ayrid, we can get:

N

N
m-1 (Pn - I:Q/n)rl k Z(Pn - I:Q/n)rl k Z(Pn - I:Q/n)rl k

Um_Um— - n=k _ v n=k — _TIEm (4)
I ;

N N
2 P> Ry

th
Where Rin represents the photovoltaic power generation dégpatthe N user.If =m r=m  when the sum

th
of the power of the loads behind th8 access point(includind') is bigger than the whole power of all the
loads,the voltage would reduce.Vice versa.
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Aimed at the defect that the traditional decouplingtrol is sensitive to network parameters, Chérp®posed an
improved photovoltaic grid power control stratefgitis to control directly. This method takes imtccount the
damping of RLC filter.The model in the paper id@towing:

-U? u?2 mU U

Pz cosqg, - COS@O M ey COS@'—ﬂz)
|212| ZZO ZlZ (5)
-u? uz . mU, U, .

Q, = 2sing, ——*sing, +——_F—2sin(@ - @,)
|ZlZ| 20 ZlZ

Where Ypv: Mg, @ , . . : :
ere, respectively represent the output voltage of P\aies; amplitude modulation ratio of

PWMinverter and the phase shift ang’:é."' JQZ represents the power injected. Ignore the powss tf the
grid AC circuit and the power loss of the invertékccording to the instantaneous power balance and

PWM principles,we can easily get the followingp?.Z =R =Ry =Upylpy .

Isdand Impact and Harmonics

Bl Lei analysed the background and trends of distdd PV power system applications, discusseddhiews parts
of its research status.And made the analysis antpadson about ‘Solar Maximum Power Point Trackamgl
‘Islanding Issues Prevent’[11].Li YQ studied thetmut characteristics of photovoltaic power generatsystem,
providing an analytical model of photovoltaic poweetworks,getting the factors affecting the quality the
distribution network.The factors are as followinguger injection changes, solar power factor andsthert circuit
capacity incorporated into the system.

Model is described as: When system power injeatéal the photovoltaic power changes,the curreninia Will
produce AV change.The voltage change value at the accessgrothe photovoltaic is:

AU = (Rs+ jXs)[{alp + jAlg) =|Zd(cosp+ j sing)nl|(cosd + jsing)

2 AS
= dﬁj—[(cowcosﬁ—singosin@)t](singacosﬁ+cos¢ sind)| (6)

Where, AS represents the power changess*f. represents the short-circuit capacity at the accesmt.

Zs=(Rs+ jXs) represents equivalent impedan&i represents the current chanﬁa.represents the power

factor angle.¢ represents the grid impedance angle.

In this case the relative voltage change rateeaPtBC is calculated as:
AU _ AScosg+6
d= U = ¢ )><10(% (7)

Zhou NC studied the micro-grid photovoltaic powecess against the volatility of photovoltaic poweey used
the AC-coupled configuration storage device to marthe power fluctuations. Using the average powgput of
photovoltaic cells to determine the capacity of #rergy storage device can effectively stabilize power
fluctuations and realize the power plug and plaap&zity energy storage device is described as:

M

F;dt-ippvdwma{j Pj J {_O(P(m) )L (PP j ®)

]
j Pdt=
0

O t—p

i=0
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Pov: R respectively represent photovoltaic power genematind the total power output of the energy

T T
jr.fe.

P _ _
storage device.’'represents the average power exporfed. © respectively represent the total charging
energy and discharging energy of the energy stodagice. After analys the formula,we can learnahpacity of

Where,

_ - =P .
the energy storage device reach the minimum dinﬁﬂ °Pt then the output power of the energy storage device
is a smoothing value.

WANG Baoshi and others used practical mathematigadel to calculate the efficiency of the PV . Iistmodel,
we only need enter the four technical parametens,iie can get the I-U characteristic curve of thetgvoltaic
cell. The four parameters are short-circuit currepen circuit voltage, maximum power point currengximum
power point voltage[14].The model described in gaper is:

| =1 [1- A’ Vo)) -] )

Where,A’ B respectively represent intermediate parameters.

A=|1-tn levn@ue g Yn g} g In (10)
ISC UOC ISC

Where,ISC’UOC’ b Ums Py respectively represent short-circuit current, opéguit voltage, maximum power

point current, maximum power point voltage.

Economic I mpact

Ma SH integrated multiple indicators to establshalculation model about grid-connected photoioitast. The
indicators are initial investment,annual operatiand maintenance costs,wages welfare,equipment dggra
overhaul cost and so on.

Zeng Ming established two-factor model of learnitigve on the basis of the Wright model of the lesgn
curve.And studied the effects cumulative productdrsolar PV modules and the cumulative amount &DFon
PV costs.He forecast the ten years PV costs ofoumtry based on the curve in the paper, gettiognalusion that
the PV cost varies with the two factors changintge Thodel in the paper is as following.

C,=C,Q“R”* (11)

Where,Ct represents the PV cost,the uniMB/W .CO represents the initial cos@ represents the cumulative
production of the PvR represents the cumulative amount of research anellahment.a represents the vector

index of QO<a<] 'B a represents the vector index b 0<5<) .To calculate the historical data of the
parameters in the model, we can get the followorgiiila.

C, =39980411754Q “84°8R7033461 (12)

Wang YL and others set t he calculation model efc¢hst of photovoltaic power generation set, asdudised the
relationship between the factors of battery effickeand cost of power generation. At last he gat t@nclusions.
The first is that the photoelectric conversion @éfncy is between 14% to 18%,and the second is ttat
photovoltaic power generation cost deduces by al8atif the photoelectric conversion efficiency dsby
1%[26].The model in the paper is as following.
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C XW, +C_ xn
C= i (13)

Where,C represents the cost of photovoltaic power generattee unit isRMB/ KW(h . CkW represents the cost
of the operation and maintenance, the unffIB/a n represents the running time of power pleh*ltrepresents

the standard peak irradiation timeh/a. f represents the output power coefficie%), W represents the

0
average power!(Wp.W can be gotten by power attenuation coefficfe@/ a) .

Huo Molin developed the bottom-up model based anwimnole life cycle cost structure. And analysed fhlé
potential of the cost of photovoltaic power genieraof China in 2020 under the main driving fastgetting the
conclusion that if the photovoltaic power genematanst reduces more, the scale of application aistamable
development will realize. Technological innovaticen greatly contribute to PV cost. The model inphaper is as
following.

t=N Ot
2 ardy
LCOE =L

N Ot
z (1+ d)t

t=1

(14)

Where, I-COErepresents the discounted cost of power generammepresents the life cycle of photovoltaic

power generation systenh.represents the initial investment co(s%. represents the running and repairing cost.
d represents the discount rate.

ZHONG Yu studied the cost compensation strateggefgrid connected photovoltaic government. He ubedBi
level programming model to study the best ratica@$t compensation and the optimal number of gritheoted
power generat. The model in the paper is as foligwi

C =c(w)
-1
T (15)
w=d ™
1-p
p >1- &
The following conclusion can be obtained by thegiral cost, namely C(WO) .The model showed that the

optimal scale of installed capacity is a functidn'%,which represents the proportion of compensatiaviged by

the government. Where\,Ni represents the installed capacit{?.o represents the future average power price.
T represents the average life expectancy of the q:Irdf%represents the proportion of compensation, anddhes

Shi Jun constructed the cost of photovoltaic pogemeration mathematical analysis model, and discusise
factors affecting the cost of PV electricity priCEhey are the installed cost, sunshine time, lcamditions, the
expected recovery period of investment and operatimst etc. At last in the paper, he conductediriiestment

analysis on the investment of photovoltaic powenegation at the present stage. The model in therpapas
following.
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Tcost = (Civs / Per + Civs X Rop + Civs X RIoan x I%ntr -1 sub) /(P xH fp) (16)

Where,CiVS represents the installed cosFt)*?‘r represents the payback period of investm&’ﬂ represents the
operating expense rati(ﬁOan represents the ratio of loans to total amounhm‘aé;tment.Rmr represents the loan

interest rate.I sub js the other income of power statioR.is installed power. ™is power generation hours at full
load.

RESULTSAND DISCUSSION

Summary

This paper summarizes the effect of distributedigimitaic power generation on power system perforceaas well
as its economic literature. The influence of phottaic power on the grid includes the influencetlom performance
of the voltage, islanding effect, photovoltaic eifincy, the harmonic influence and so on. There ragmy

researches on the cost model. Some models are,liwhde some are nonlinear. The former are easylewthe

latter are complex. At last, this paper hopes therwdew can do a favor for the other scholars.
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