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ABSTRACT: This paper aims to look into the feasibility of making a Solar Hybrid mini grid 
(diesel-battery-solar) in CSEM-UAE’s Solar Open air Laboratory (SOLAB). It will incorporate diesel generation and 
the multiple stand alone PV power production which already exist in the facility and link them together with adding 
more PV power production with battery storage. This will make diesel power generation as the backup instead of 
being the primary source of electricity production in our facility. The choice for DC coupled or the AC coupled PV 
power generation for the mini grid has to be considered based on the cost and technical comparison between the 
two. Price quotes received from various suppliers will be used simulate result and analysis using Hybrid 
Optimization Model for Electric Renewable (HOMER) simulation software. The outcome of this study will lead to 
the design and implementation of this mini grid in our facility. 
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INTRODUCTION 
 

The concept of supplying the electricity demands 
of off-grid sites with hybrid (solar and diesel) systems 
has attracted great interest in UAE [1]. The load and 
supply center is determinant factor to choose to build 
either single/multiple stand-alone systems or 
mini-grid [2]. In this paper, technical and economic 
comparisons of electricity generation with three 
configurations has been studied, starting from the 
base scenario of multiple stand-alone off grid 
systems which is upgraded to i) AC-coupled mini-grid 
and ii) DC-coupled mini-grid. Afterwards, economic 
gains of forming mini-grids have been estimated for 
two mini-grid networks.  

Existing off-grid stand-alone system and 
electricity utilization in SOLAB 

 

Figure 1 show the electricity in SOLAB is 

currently produced by stand-alone solar PV and 

battery systems at 4 research centers (desalination, 

cooling, photovoltaic and calorimeter). 

 

Figure 1: The existing off-grid standalone system. 

 

 
As the main supplier of 2 centers (CSP center 

and Solar Island) and central backup unit, 50 kVA 
diesel generator is connected to each center through 
the existing cabling network. After estimating the 
hourly electrical demands at each center, supply from 
diesel generator and PV modules, operation of 
batteries and excess electricity generation have been 
modeled over a year by using the load profiling 
algorithm.  

Table 1: The electricity balance at each center in 
SOLAB. 

 
Table 1, shows significant amount of excess 

electricity is lost in stand-alone systems where 
energy transfer is not allowed between centers. 

THE TWO MINI-GRID NETWORKS: AC-COUPLED 
AND DC-COUPLED 

 
Two principal technological configurations exist 

for hybrid mini-grid networks [3]. The main difference 
between AC-coupled and DC-coupled is the bus line 
which is connecting the electricity generating 
components.  

AC-coupled network: 

 
In AC-coupled mini-grids, all the supply units are 

connected to AC bus line. DC output of PV modules 
has to be converted to AC through a DC to AC 
inverters before coupling them to the AC bus line. 
Charging/discharging of batteries and DC to AC 
conversion of battery output are handled by 



bidirectional battery inverter. Optionally, diesel 
generator and grid electricity can be coupled as 
parallel sources [3] as shown in figure 2. 

 

Figure 2: AC-coupled mini-grid network 

DC-coupled network: 

 
Solar panels are connected on the DC bus line 

that is also used to charge the batteries. Before the 
batteries comes the charge controller regulating the 
charging of the batteries. Bidirectional battery 
inverters are essential should the mini-grid be 
hybridized with diesel generator or interconnected to 
the city grid. AC loads are connected after the 
bidirectional inverters [3]. The line drawing of 
DC-coupled mini-grids is given in figure 3. 

 

Figure 3: DC-coupled mini-grid network 

Combining each research center in one 
DC-coupled mini-grid would induce very large power 
losses and therefore inefficient power transmission. 
On the other hand, AC-coupled mini-grids AC bus 
line carries the electricity from the inverters (right 
after solar panels) to the loads. 230 V of AC voltages 
in the bus lines minimizes the power losses taking 
place in the power transition in comparison with the 
losses occurring in lower voltage DC bus lines. This 
means that power losses are minimized by deploying 
smaller size of cables in AC-coupled mini-grids. 
Given the long distances between the research 
centers and the requirement of distributed generation, 
AC-coupled mini-grids can transmit the power in a 
more efficient way.  

Mini-grid networks can be established by 
combining the existing components of stand-alone 
system. However, this also requires additional 
investment for infrastructural upgrades such as 
repositioning the distribution panels and re-cabling of 
DC and AC wires. Moreover, master inverter 
constitutes the significant part of investment which is 
essential for voltage stabilization in the mini-grid. On 
the other hand, such expenses result in significant 
savings since the electricity generated in stand-alone 
systems are more efficiently stored and dispatched in 
mini-grids. Consequently, excess electricity wastage 
and diesel consumption are minimized.  

ECONOMIC ASSESMENT 
 

After setting the boundaries of DC and 
AC-coupled mini-grid configurations, the economic 
comparison can be done using Homer software. To 
simulate the mini-grid operation in Homer, user must 
define parameters related to the technical and 
financial specifications of grid elements. Below are 
some of the values entered in Homer while 
simulating AC and DC-coupled configuration for the 
case of SOLAB. The diesel generator and battery are 
common for both AC and DC configuration. 

DC-coupled network: 

This configuration includes the components from 
PV panels to charge controllers as shown in table 2. 
Bidirectional battery inverter will be added separately, 
because it is sized smaller than the capacity of PV 
components and a constant proportion relating them 
does not exist.   

Table 2: Technical and financial values of DC coupled 
PV system for homer simulation 
 

 

AC-coupled network: 
 

This homer configuration includes the 
components from PV panels to grid-tie inverters, AC 
wires and the combiner boxes as shown in the table 
3 below 

Table 3: Technical and financial values of AC coupled 
PV system for homer simulation 
 

 

Diesel Generator: 

 
Cummins diesel generators within 5-50 kW 

range will be tested in the simulations to discover the 
ideal size of diesel generator for both AC-centric and 
DC-centric networks [4]. Key inputs for diesel 
generator are size, fuel efficiency, capital and 
operating costs and lifetime. Table 4 shows the 40kW 
configuration.  
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Table 4: Technical and financial values of Diesel 
generator for homer simulation 
 

 

Batteries: 
 

CSEM-UAE has been working with lead-acid 
AGM type of batteries for several years without major 
issues reported. Future expansion of battery bank 
would require procuring the same families. In addition, 
lead-acid batteries are among the technologies 
recommended by IEA for the integration of mini-grids 
[2]. Therefore, only the following lead-acid battery 
model (Maxima, 12DD200, 12VDC Nominal Voltage, 
200 Ah @ 20 hr discharge rate) will be under 
consideration as shown in table 5. 

Table 5: Technical and financial values of Batteries 
for homer simulation 
 

 

The major work was done by Homer simulation 
to optimize the capacities of each component 
establishing the mini-grid. As input for the simulation, 
2009 climate data recorded by CSEM’s in-house 
weather station [6] and $1.01 per liter of diesel price 
have been entered. Following the simulation it has 
been observed that the utilization of electricity with 
AC-coupled network leads to more than 90% 
reduction of daily diesel supply from 102 kWh to 9.6 
kWh. The annual monthly energy balance can be 
seen in figure 4. 

 
 

Figure 4: Monthly electricity utilization over a 

year in SOLAB with AC-coupled network 

In DC-coupled network, daily diesel contributions 
have been reported from 102 kWh to 10.5 kWh with 
their summation being 6.6% higher than the diesel 
supply estimated in AC-coupled mini-grid. 

Effect of battery size on the network 
 

Varying the sizes of the components will 
influence the net present Cost (NPC) and levelized 
cost of electricity. Multi-parametric simulation has 
been done on each component to minimize the cost. 
As an example, the effect of battery size is presented 
in figure 5. 

 
Figure 5: Homer output for optimization of 

battery size in AC and DC coupled configurations. 

The implication of figure 5 is that 210 kWh of 
battery capacity attains the lowest cost of electricity 
generation in AC-coupled mini-grid. Similarly, 180 
kWh for DC-coupled are the battery capacities giving 
the lowest cost. At the end of the optimization, both 
AC and DC-coupled mini-grids have offered 
significant reductions from the diesel consumption. 
Based on the overall simulation taking into account 
the technical and financial values of major 
components excluding the cabling we get the 
breakdown of investment costs for AC and 
DC-coupled mini-grid configurations which is listed in 
table 5. For the existing components, investment cost 
is not reflected on the “relevant” cost. Those items 
are available on site and do not add on to the future 
project budget. For instance; charge controllers are 
already connected to 20 kWp stand-alone PV system 
lowers the cost of DC-coupled. On the other hand, 
splitting the mini-grid into two zones requires 
procuring 25 kW more hybrid inverter (bidirectional 
battery inverter) in DC-coupled. In parallel, 75 kWh 
extra battery capacity should be integrated. 
Therefore, the three factors almost balance out each 
other in total cost. 

 

Size kW 40 

Capital cost $ 1200 

Operating cost $/hr 1.5 

Lifetime hr 30000 
 

Round trip efficiency - 86% 

Minimum state of charge - 30% 

Setpoint state of charge - 80% 

O&M cost* $/kWh-y 6.24 

Replacement cost $/kWh 122 

Capital Cost** $/kWh 122 

DC Cabling** $/kWh 11.4 

Total capex $/kWh 133.4 
*Currently in Solab, 5550 kWhe consumed to cool down 96 kWh of battery 
per year, cost of electricity 40 fills/kWh or USD 0.108/kWh. 
**Prices were taken from the quotation received from Apex in 2012 Q4.  
 



Table 5: Cost comparison of AC and DC coupled 
minigrid 

 

RESULTS AND DISCUSSION 

 
The evolution of electricity networks from 

multiple stand-alone systems to AC-coupled and 
DC-coupled mini-grids has been studied for SOLAB. 
The base case, multiple stand-alone systems, has 
been proven to operate at the lowest efficiency due to 
the unavailability of interaction among centers. The 
efficiency of electricity utilization is proposed to be 
increased by valorizing the excess electricity within a 
mini-grid which will lead to savings in diesel 
consumption.   

The cost of upgrading to AC-coupled mini-grid 
has been estimated to be approximately $67000 with 
resulting yearly savings from diesel consumption as 
$12800. In the case of two non-interacting 
DC-coupled networks, upgrading cost has been 
found out to be approximately $64000 delivering 
$12620 annual savings from diesel consumption. As 
per the results the operating cost is very comparable 
for both configurations. However there is difference in 
the total implementation cost for pure AC or DC 
coupled system for the case SOLAB is shown in table 
6. This is due to many factors including cabling, grid 
interconnection which make DC coupled system 
economically costlier to setup in the existing system 
upgrade at SOLAB, Ras Al Khaimah. 

Table 6: Base design and implementation cost of AC 
and DC coupled system 

 

 

 

 

 

However choosing pure AC coupled system 
would mean discarding the existing multiple DC 
stand alone systems which would be even more 
expensive. Further looking at the economics and 
finding a tradeoff between the two; implementing 
hybrid system by integrating the existing DC coupled 
system and the new AC coupled system together 
which is proposed as shown in figure 6.  

Based on the simulation, this implementation 
would lead to 95% reduction in diesel consumption 
as compared to the pure diesel setup with multiple 
standalone off-grid system that exists in the SOLAB 
[6]. The design would also ensure a simple payback 
time of 2.7 years [6]. The design and implementation 
of this hybrid system has been discussed in details in 
the next paper.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6: Solar hybrid minigrid system 

incorporating and AC and DC coupled system in 

SOLAB [6]. 
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AC-coupled DC-coupled

Power electronics 63888 66856

PV cabling Solar Island 3254 15520

Portacabin for battery cooling 0 6150

Grid interconnection 0 13000

AC cables between DBs 0 4050

Total 67142 105576

Relevant Cost ($)
 


