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TECHNICAL ARTICLE  
 
OFF-GRID PHOTOVOLTAIC MINI-SYSTEM FOR SELF-CONSUMPTION 
CARAVACA de la Cruz, MURCIA 
 
Introduction 
 
Off-grid photovoltaic systems typically aim to satisfy electricity demand totally or partially in 
those places where there is no distribution power grid or a significant investment is required 
to access it. To fulfil demand availability, these systems are fitted with a battery system 
although they can be combined with additional power sources making up hybrid generation 
systems. Today there are photovoltaic installations which are technically and financially 
independent comparable to other systems of power generation, whose typical configuration 
includes: photovoltaic generator, controller of the charge-discharge process of the battery, 
battery, inverter (feeding into the AC circuit) and additional generator (hybrid systems). 
Gehrlicher Solar España has recently designed and built an off-grid photovoltaic installation 
for self-consumption in Caravaca de la Cruz (Murcia) that is currently feeding electricity into 
a dwelling development of 9 detached houses.  The knowledge and know-how acquired 
during the development of grid-connected installations has been integrated into the design 
of innovative equipment to create an off-grid mini-system fully independent of the utility 
grid.  

 

Technical analysis 

Today the 9 single-family houses are provided with electricity through a 30 kVA generator 
set and an underground distribution network.  

The housing development also has thermal solar energy equipment and a biomass boiler for 
the sanitary hot water system (support to radiant floor heating).  

Figure 1: 9-house estate supplied with PV solar energy. 
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Implemented solution 

Based on provided data on consumption patterns, solar resources in the area and client 
requirements regarding investment and PV system range, an installation covering a demand 
of 41 kWh/day has been designed. The photovoltaic generator of 22.05 kWp fully covers the 
daily consumption throughout the year. The momentary supply of the generator set ensures 
the battery size is reduced and the peak demand that may be satisfied is increased. This 
generation system produces DC that is transformed into AC current by two 10-kW inverters. 
A distribution and connection board allows the produced energy to cover house 
consumption or to be directed to another 30-kW nominal power inverter that controls the 
installation and a TOpZs battery system. The current engine set is used as support 
equipment. This configuration is shown in the block diagram below (figure 2).  

Figure 2: Installation layout Source: Gehrlicher Solar 
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This system does not follow the typical approach of a PV off-grid installation, as the 
generator system is as those in a grid-connected installation. Its production covers 
consumption directly and if it goes beyond demand batteries are charged increasing system 
efficiency. 

 

Own-developed GehrTec® Top mounting system (data sheet attached) 

GehrTec® Top mounting system is installed coplanar on a farming rooftop of 150 m2 with a 
30° tilt angle and a 4° SW orientation. This system stands out because of its adaptability to 
all types of rooftops, great load capability and corrosion resistance. It is made up of ninety 
245 W modules (totalling 22.05 kWp) which are connected, as if it were a grid-connected 
installation, to two inverters of 10 kW nominal power each (maximum performance , ηmax: 
98.1 % and European performance, ηEU: 97.7 %). Since there are 2 independent maximum 
power point (MPP) trackers, two strings of 22 and 23 modules per inverter are configured. 
The three phase AC output leads to a AC switchboard and then to a distribution panel. 

The system estimated yield is 34,000 kWh/year (PVSYST) with a performance factor (PR) of 
80.70%. 

This configuration has the following advantages: 

- Connection and mounting simplicity specially for those installers that are familiar 
with grid-connected installations;  

- Each inverter has all the required DC protections (reverse polarity, reverse current, 
overvoltage and string disconnector) so no additional DC connection and protection 
boards are necessary; 

- High DC voltages (664 V and 694 V) which lead to small conductor sections and low 
power losses due to voltage drops.  

 

Connection and distribution board 

The system of this installation is more efficient than a conventional one - thanks to the 
smart measurement box, the produced energy may cover household consumption directly 
without going through the batteries or may go to the equipment with control and regulation 
functionality according to demand, battery charge status and solar radiation. Apart from 
managing alternate current input for consumption from the PV generator, the batteries or 
the generator set, it houses protections for those lines. 
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Figure 3: Accumulator system and inverters 

 

Control and charge regulation equipment 

Through the smart measurement box, the control system analyses voltage and current 
signals and a CAN bus coordinates all connections and disconnections. In our installation 
these functions are performed by the 5 kW bidirectional inverter, 230V/48V (inverter-
battery regulator). For this purpose, 2 groups of 3 equipment units are installed in parallel 
(Main Cluster and Extension Cluster) where one of them is the master and the other two are 
slaves. 

The control system monitors the pre-set limits of voltage and feeding-in frequency and 
charges the batteries with the energy supplied by the equipment that feeds into the AC 
circuit. The battery charge is regulated according to the IUoU procedure (constant current, 
constant overvoltage and constant voltage) based on an ampere-hour balance and voltage 
updates which increases useful life. The bidirectional inverter manages the generator set 
start-up and stop by means of a programmed relay based on the battery charge status or 
consumer demand. 

 

The control system records measurement data from battery, inverter, system, external 
source and consumption into a MMC/SD card and supplies them online at a management 
and supervision portal (figure 4). To reach an optimal installation performance this data is 
analysed based on a monitoring program and management installation parameters are 
conveniently adapted to real consumption patterns. Thus the most suitable charging cycle is 
searched for to balance battery charge cycles and reduce functioning time of the generator 
set especially considering the most unfavourable winter months. 
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Figure 4: Energy production on a typically unfavourable day (28/01/2013). Blue: PV supply. Red: generator set 

supply. 

 

Economic analysis 

Due to an increase of the power needs of the residential estate, the grid-connected 
installation required to be extended with the utility company. Having ruled out this option 
because of its high investment costs (estimated to be over €50,000) and the upward trend 
of the electricity bill (average increases of 6% during the last 8 years), the client opted to 
become self-sufficient by installing a diesel generator set taking advantage of its low initial 
investment cost. However, fuel consumption made this option unsustainable in the long 
term (36 litres/day) which made him look for other alternatives and inquire at Gehrlicher 
Solar as a specialist in the photovoltaic industry. 

The daily consumption curve concentrates most of the demand in the middle of the day. 
This allowed the photovoltaic system to be designed with little battery support and existing 
diesel generator set support in consumption peaks which led to a return on investment as 
compared to other potential supply sources smaller than 4.5 years. Figure 5 shows that 
although there is a high initial investment, this solution has very low consumption costs 
related to fuel consumption during peak hours of winter months only. 

 

Figure 5: Cost comparison for 10 years 
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Comparing aggregated costs during the first 10 years (Figure 6) the moment when 
investment is repaid as compared to other supply systems can be identified.   

 

 Figure 6: Repayment comparison for different solutions 

 

From this it can be concluded that the most interesting investment in the medium-to-long 
term is the chosen solution of photovoltaic installation with diesel generator set support. 

 

Benchmark installation 

The importance of this project lies in the fact that it is a significant offgrid self-consumption 
installation at a regional level smartly integrating 9 dwellings to supply them with efficient 
and sustainable power. This is a reference project for similar rural electrification systems 
that may be developed in this sector.  

With its sophisticated control system a hybrid architecture that makes the most of both 
power sources is implemented. This takes operating costs almost down to zero as daily 
consumption is covered with photovoltaics and diesel consumption is limited to specific 
moments. The battery system is reduced to minimize initial investment maintaining the 
range and peak capacity of the diesel generator set. Maintenance costs are also 
considerably reduced due to battery reduction and small amount of generator set operating 
hours. 

Furthermore, the capacity of modular installations of this kind may be extended easily and 
conveniently so that potential demand increase may be covered and new users may be 
integrated into the mini-network. 

Figure 6: Photovoltaic generator of the installation. Source: Gehrlicher Solar 

 

The significant cost reduction of photovoltaic power systems in recent years offer new 
options of power supply for households, pumping equipment or small industries with 
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reasonable investment and repayment terms.  This type of installations are now a reality 
and allow for utility independence thus protecting companies and families from further 
electricity price increase during the useful life of the installation. 
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