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Abstract—a toolset is being developed in ABB to allow 

evaluation of the operating conditions in large solar parks. 
Cable losses and inverter losses constitute a large portion of the 
total power loss. The park architecture determines the 
equipment capital cost but also affects the overall power losses 
distribution. This paper presents and discusses some initial 
results from modelling of basic park topologies. 
 

Index Terms—Cable losses, inverter losses,  large solar park 

I.  INTRODUCTION 

HIS paper discusses different aspects of Solar Park 
design especially those related with the cabling and 

inverter calculations. A solar park comprises of several parts 
all of which impact the overall capital cost and efficiency of 
the park, namely; the solar panels, the cables to the 
combiner boxes, the inverter cables, the inverters and 
transformers for grid connection.  

The factors that directly affect the solar park yield can be 
classified in those affecting the input energy and those that 
lower the conversion efficiency [1]. The factors affecting 
the input energy are shading, regular loss (dirt, degradation), 
incident angle/reflection and those affecting the conversion 
efficiency are module temperature, output restriction (grid 
overvoltage), PCS capacity shortage, MPP mismatch (high 
voltage side), DC resistance, inverter, system off/standby 
(i.e. maintenance) and fluctuation (i.e. fast irradiation 
changes or pyranometer shading etc). 

There are different ways to assess performance of a solar 
plant. Two common ones are by use of the Performance 
ratio and the PVUSA rating method [2],[3]. Using 
definitions from the IEC standard 61724 the performance 
ratio of a solar park can be defined as the ratio of the final 
PV system yield over the reference yield. The PV system 
yield is, in turn, the ratio between the net energy output of 
the PV array over its nameplate power. The reference yield 
on the other hand is the ratio between the total in-plane 
irradiance and the PV’s reference irradiance.  

The performance ratio (PR) is usually calculated on 
monthly or annual basis to give an overall picture of the 
park performance over a longer period. PR over short 
periods can be affected by seasonal effects such as high 
ambient temperatures, module soiling etc. Hence short term 
PR calculations are only a good indicator of short-term 
operating issues. 
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II.  WEATHER DATASETS 

The weather datasets used in this work are derived from 
the areas of Murcia in Spain and Lusaka in Zambia over the 
course of one year (1990). The PV panels assumed are 
175Wp, 30V mono-crystalline by Conergy and are 
connected in 333 strings each of which contains 18panels in 
series. The total voltage at maximum power point (at a 
temperature of 60°C) is 543V and the current is 1643 A 
whereas the short-circuit current is 1823A. The open circuit 
voltage (at a temperature of -10°C) is 889V. The total 
operating power of the PV panels is 938kW (nominal or 
5994 modules is 1049kWp) and the geographical area taken 
is 7798m2 

A useful illustration of the voltage and current produced 
by the PV array at the area of Murcia appears Fig 1. This 
aggregated data format allows direct evaluation of the 
power losses in cables and inverters across the various 
operating points. The ambient temperature can also be taken 
into account to improve the calculation accuracy. 

 

 
Fig 1 PV array voltage and current yearly distribution in the area of Murcia, 
Spain 

Hourly insolation data are adequate for cabling power 
loss calculations and sizing however, this may not be the 
case when it comes to the inverter sizing. A research at 
Fraunhofer Institute [4] has shown that in case of slightly 
underrated inverters (sizing factor of 1.1 to 1.2) brief 
irradiance peaks can result in inverter cut outs for short 
periods (i.e. seconds) hence lowering the annual yield by up 
to 0.5-1%.  In such a case the park planning can be 
jeopardized because the assumed operation hours, hence the 
annual yield, are not as predicted. 

III.  CABLE LOSSES 

There are two sections in the park cabling. The first 
section comprises the cables connecting the PV panels of a 
string to a central connection point termed the combiner 
box. The second section conducts current from several PV 
strings and hence has a greater cross-section area. 
Depending on the voltage level and the number of parallel 
branches in a string the cable length may be critical for the 
overall losses. 
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Three cases are evaluated with respect to cabling layout: 
 Multiple combiner boxes distributed across string 

to minimize PV module cabling length 
 Single combiner box in each string with minimum 

length in PV module cabling. 
 Single combiner box in each string with minimum 

length of inverter cabling. 
The type of cabling layout used in a solar park should be 

decided based on several parameters namely the number of 
strings and their topological arrangement, the electrical 
currents that cables handle, the ambient temperature 
variations etc.  

 

A.  Plant Case A 

 
Fig 2.  Park architecture A 
 

In the first layout studied here emphasis is given on 
minimizing the cable length between the PV strings and the 
combiner box. A 4mm2 wire is often used to connect a PV 
panel to the combiner box and 100mm2 is used for the 
inverter connection. This concept of distributed combiner 
boxes is expected to work better for larger parks where the 
inverter can be located far from some of the PV strings. 

 

B.  Plant Case B 

This layout emphasizes on minimizing the inverter-side 
cable length hence placing the combiner boxes at the end of 
each row of PV strings. This arrangement should be fit for 
parks with smaller numbers of PV strings in a row so that 
connections to the combiner box are kept at a reasonable 
length. Additionally, in cases where the inverters have to be 
placed far from the PV strings (i.e. in a narrow strip of land) 
this layout can provide shorter (hence more energy efficient) 
connections between the combiner box and the central 
inverters. 
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Fig 3: Park Architecture B 
 

C.  Plant Case C 

This layout should also work better for solar parks with 
smaller number of strings hence they can all be connected 
on the same combiner box. Parks with lower dc voltage and 
PV shading can potentially exhibit lower copper losses with 
this cabling layout. 

Connection 
Box 1

Connection 
Box 2

Connection 
Box NCB

Row 1 Row 2 Row NR

String 1

String 2

String ...

String NS

Ds

Dr

Central 
Point (CP)

Dc

Inverter Station

Dinv

 
Fig 4. Park Architecture C 

IV.  INVERTER LOSSES 

The connection of modules in series and parallel 
combinations should be optimally designed for a specific 
inverter type. The module tolerances as well as possible 
shading and temperature variation can result in production 
mismatch. The yield prediction can thereby be problematic 
and the inverter might operate outside its optimal input 
voltage/current range. 

There are three main types of solar inverters: 
 Central inverters – used in large solar parks where 

all PV strings are subject to the same irradiation 
profile 

 String inverters – are often used in medium 
systems, particularly when string voltages/ 
current outputs may vary across strings. 

 Module inverters – are used to achieve maximum 
power point tracking for each module and 
reduce cabling losses. They are not so common 
in large installation mainly due to cost 
considerations. 
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The inverters themselves can also be connected in 
different ways [5]. One or more central inverters are often 
used in large parks when the modules have the same tilt and 
no shading takes place. The central inverters can then be 
operated individually (one per string or row) or can be 
connected in parallel. The latter connection allows a master 
slave operation; one of the inverters operates as a master 
and the slave inverters are phased in and out as power yield 
of the PV array varies. This operation ensures optimum 
conversion efficiency of the group of inverters. 

This work compares three different operating scenarios 
of a 1MW rated solar park with ten 100kW central inverters. 
Three scenarios are evaluated and the results are presented 
in the next section of this paper. 

The first scenario assumes the ten inverters are connected 
in parallel hence sharing the produced current uniformly. 

In the second scenario the inverters are used to their 
maximum current capability. As the produced PV array 
current increases more inverters start operating to handle the 
power. 

The third scenario demonstrates optimization of 
efficiency by using the number of inverters that result in less 
power losses. 

V.  SIMULATION RESULTS 

A.  Cable losses 

The results of power loss evaluation of the three different 
park layouts appear in Fig 5. In the first park layout 
emphasis was given in minimizing the solar cables (from the 
PV strings to the combiner boxes). This layout demonstrates 
inverter cable losses that are 59% of the total cable power 
loss (Fig 5(a)) and solar cable losses of 41%. The opposite 
effect is seen in case B (Fig 5(b)) where the inverter cable 
length was minimized in expense of higher solar cable 

losses that account for 68% of the total losses outweighing 
the inverter cable losses (32%).  

In case C (Fig 5(c)) the combiner boxes where 
centralized for each PV string row making the solar cables 
somewhat longer than in case A but having in effect longer 
inverter cables than any other layout. This layout resulted in 
inverter cabling losses of 78%, the highest of all three in 
cases. 

It is useful to note however that the distribution of solar 
and inverter cable power losses can be misleading if not 
seen in conjunction with the total cable losses as a 
percentage of the total power produced across the three 
cabling arrangements. In particular the first of the three 
cases exhibits the lowest cable power losses of nearly 0.8% 
whereas the second and third cases incur losses of 1.8% and 
nearly 3% respectively. A clarification that needs to be done 
at this point is all three layouts use the same solar cable 
(copper, 4mm2 thickness, rated current 55A) and the same 
inverter cable (copper, 100mm2 thickness, rated current 
800A). 

A safe conclusion from the data presented above is that 
decreasing the length of the solar cables by placing 
combiner boxes close to a group of strings (case A) tends to 
reduce the overall cabling losses even though from the first 
sight case C seemed to exhibit lower solar cable losses. 

 Additionally, the inverter cable length does not seem to 
have a significant effect on losses in cases A and B but the 
extreme prolongation in case C quadruples the associated 
power loss in absolute values.   

In Fig 6 the cable losses of the same park layout are 
compared in two different geographic locations the areas of 
Murcia in Spain and the Lusaka area in Zambia. Murcia has 
an average yearly ambient temperature of 16.9˚C whereas 
Lusaka exhibits an average temperature of 21.2˚C.

 
Fig 5: The power losses in cables of the three discussed park layouts: (a) and (d) refer to case A (b) and (e) refer to case B, (c) and (f) refer to case C. 

 
 
Cable layout A is evaluated in both cases and the 

different ambient temperature can be seen to affect the 
total power loss by only 0.08% in average in favour of 
the less warm area of Murcia. 
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Fig 6 Cable losses as a percentage of the total park energy yield 
evaluated for two different locations with different climatic conditions 
(a) Lusaka, Zambia and (b) Murcia, Spain. 

It is calculated that the above increment in cable 
power losses would result in a loss of approximately 
2,8MWh per year (Fig 7 (a) and (b)) for the specific solar 
park under study. This of course, only concerns the cable 
power losses and other types of losses should also be 
taken into account when considering areas with different 
climatic conditions (such as cooling requirement for 
inverters, PV module temperature range etc). 
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Fig 7: Cable power losses (in MWh) in (a) Lusaka, Zambia and (b) 
Murcia, Spain 
 

B.  Inverter Losses 

The inverter performance was evaluated for the three 
scenarios presented in Section IV.  The parallel operation 
of 10 inverters is giving as expected the highest power 
losses at the lower operating power levels (Fig 8). Its 
performance at full power is comparable with the best 
case (when optimum number of converters is used). This 
simple parallel connection of the inverters can be used 
with parks that are designed to operate at peak power in 
most of their life time. This can be the more possible 
when bi-axial tracking is also used to maximize PV 
power intake.  

The scenario where the number of operating inverters 
is chosen for maximum operating current yields 
somewhat higher power losses (of nearly 10kW) at full 
power but proves extremely beneficial at low operating 
power (Fig 9). 

The graph is also illustrating the transition from a 
number of inverters to a higher or lower number in ten 
discrete steps. It is believed that this method of inverter 
operation may result in excessive power losses at high 
power. Fig 9 also illustrates that two out of ten inverters 
are redundant with this control method, as the 8 of them 
alone are capable of running the full current. The benefit 
of using less equipment versus the cost of additional 
power losses can be evaluated to assess this control 
method under different park designs. 

 
Fig 8 Inverter power loss when they are connected in parallel regardless 
of the produced power 

The third scenario (Fig 10) assumes optimum number 
of inverters operating at each moment based on the V, I 
inputs and the inverter efficiency curve. This scheme 
clearly yields the lowest losses across the entire power 
range. The power losses at the higher power end of the 
graph are similar to those illustrated in Fig 8 however, at 
lower operating power the optimized operation clearly 
proves beneficial. This is true for the entire input voltage 
range below 600V.  

 

 
Fig 9 Inverter power loss when a number of them operate at each 
moment to achieve maximum input current. 

 
Fig 10 Inverter power loss when a number of them operate to achieve 
minimum overall power loss 
 
 

The comparison between the three scenarios can be 
done by means of their annual energy loss depicted in Fig 
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11. The above observations are quantified and the 
conclusion is that an optimized load balance across the 
inverters can give annual energy gains between 12 and 
18MWh in this 1MW solar plant. This, of course, should 
be weighed against the capital cost saving of less inverter 
units when maximum current operation is used. 
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Fig 11 Inverter power loss comparison of the three examined scenarios 
 

VI.  CONCLUSIONS 

Designing Large Solar Parks requires knowledge of 
the local meteorological conditions of the area. The 
irradiation profile is the decisive parameter in sizing the 
various pieces of equipment. It has been proven by 
simulation that the park cabling layout can also affect the 
annual power yield. The placement and the number of 
combiner boxes prove to be important in the calculation 
of power losses. The power losses exhibited by the park 
cables also depend on the ambient temperature of the 
site. With the investigated park design the ambient 
temperature difference from the site in Murcia to that of 
Lusaka incurred additional losses of 0.08% of the total 
energy yield of the park. 

The cables contribute a significant part (nearly 1%) of 
the total power losses in large solar park. However, the 
inverter utilization mode proves even more decisive for 
the park performance as the power losses are over 
100MWh per year in the discussed park design. The 
optimized number of operating inverters gives a clear 
benefit in the overall losses that are kept just below the 
100MWh mark (or approx 4.5% of the yield). The other 
two control schemes (inverters always on, inverters 
operating at maximum current) only give minimum 
losses in specific areas of the inverter power range. 
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