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1 INTRODUCTION 

Following initial inputs presented in D4.6 (Confidential Report), this deliverable will collect the main 

conclusions reached after finalizing the modelling, basic and detail engineering and equipment 

development activities previous to the deployment of the UC-1: Joint management of hybridized RES 

and storage, at Unije Island. 

In Unije Island three UC will be developed and demonstrated all contributing to reduce energy fragility 

and high fossil fuel dependency of Unije island. 

Unije is a Croatian island situated in the northern part of the Adriatic Sea, see Figure 1. Its size is 19.92 

km2 and only has one village, also called Unije. This village has 280 houses and the population 

throughout the year is less than 85 residents and grows to more than 400 residents during the 

summer. Unije also has a small port with daily connections to nearby islands and some mainland cities, 

and an airport for commercial and private aircraft. All this needs to be electrically supplied. For the 

power supply, Unije has different voltage levels: 110 kV (connection to the external grid), 35 kV, 21 

kV, 10 kV and 0,4 kV. Besides, the island has several transformers that allow transformation between 

the different voltage levels.   

 

Figure 1. Unije Island 

To address the issue of the decarbonization, Unije island is studying the implementation of two 

photovoltaic parks, called PV Unije of about 1,08 MVA respectively, whose management via a properly 

sized BESS will enable the island grid to be self-sustainable and RES driven, not having a major  impact 

in terms of grid quality/grid stability with mainland connection. 

For this purpose a BESS to be coupled has been properly sized and designed thanks to RINA-C support 

(as described in D4.6). This intervention will be described in Chapter 3. 

In chapter 2 an extract of the D4.5, presenting the performed Unije energy systems modeling 

activities, will be presented, also highlighting how modeling activities have been helpful for definition 

of energy capacity of the battery systems, management of the hybridized RES + BESS, development of 

the control algorithms and studies necessary for the implementations of the innovative solutions in 

Unije. 
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Chapter 4 will present the current status of activities and action to facilitate the procurement and 

permitting of BESS integration that REA (with UNIZAG FSB and RINA-C support) will perform in the 

next months. 

Chapter 5 will then present how the PV+BESS management will be studied and developed starting 

from outcomes of both Chapter 2-3. 

Chapter 6 will be dedicated to conclusions and next steps towards UC-1 deployment and 

demonstration. 
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2 UNIJE ENERGY SYSTEMS MODELING ACTIVITIES 

Battery storage system can significantly influence the energy system operation. The system can have 

multiple benefits if the operation of the battery storage is optimally operated. On the other hand, it is 

also important to optimally control the battery storage so that the degradation effects are less 

expressed. Thus, this chapter presents several analyses that were conducted at UNIZAG FSB with the 

support of other partners1. 

2.1 Risk assessment of different energy scenarios for 

Unije island 

Since Unije island has issues with the outage of the interconnection and the loss of power, a risk 

analysis was conducted at UNIZG FSB. Risk analysis was conducted for several energy scenarios for 

Unije island. Historical data regarding the number of outages was considered and the probability of 

the outages was calculated. Network topology was also considered and the zero-risk scenario was 

calculated as well. The proposed methodology for the risk assessment of energy scenarios for Unije 

island is shown in Figure 2 and was used to perform a specific risk assessment of Unije Island energy 

system2. 

 

Figure 2. Risk assessment method of energy scenarios for Unije island 

Probability of outages 

 

1 M. Mimica, L. Gimenez de Urtasun, G. Krajačić, Robust risk assessment method for energy planning scenarios 
on smart islands under the demand uncertainty, Renewable energy (under review), 2021. 
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In general, it can be stated that the power systems are systems with a small probability of failure but 

large damage when the failure occurs. The reason for this is that, if there is a loss of the electric power, 

the industry stops, telecommunications fail, the financial systems are endangered and in general, the 

functioning of a complete society is placed under threat. Because the probability of a failure is small, 

a Poisson distribution is used for the calculation of the probability of the failure. This is often the case 

in power system risk analysis because the Poisson distribution best represents the probability of rare 

events. The Poisson distribution is mathematically expressed with the equation (2.1.1): 

 

𝑝(𝑛, 𝛥𝑡) =
(𝛼𝑖𝑗 ∙ 𝛥𝑡)𝑛 ∙ 𝑒−𝛼𝑖𝑗∙𝛥𝑡

𝑛!
 

(2.1.1) 

Where 𝑝(𝑛, 𝛥𝑡) is the probability of the event that occurs 𝑛 times in a period 𝛥𝑡 at a rate of 𝛼𝑖𝑗  

(events/time) between the nodes i and j. Any particular power system element can be placed between 

the two nodes. In this analysis for the Unije island, the outages of lines and transformers are 

considered because these are the most likely elements that may fail.  

From the available historical data, it was possible to calculate the rate of outages for particular 

elements concerning the Unije power system as given in Table 1: 

Table 1. Rate of outages for Unije power system elements 

Description Rate of outage per 

year (𝜶) 

Lines connecting Unije with the secure source of energy (Lošinj feeder) 0.286 

Transformers on Unije island 0.02 

Cable connecting PV transformer and the main transformer 0.021 

 

It can be seen that the highest rate of an outage is for lines connecting Unije with the rest of the grid. 

This is expected because the Unije interconnection to the rest of the grid consists of a series of lines 

that are quite old and should be strengthened or replaced. 

 

Analysed scenarios and the optimization model 

The objective function of the model is to minimize the overall cost of the system operation (or 

maximize profit). Since the operation of the PV power plant is considered to be zero for reasons of 

simplicity, the only remaining costs are the cost of the unserved load (UL and corresponding penalty 

VoLL – Value of Lost Load) and the penalty for the curtailment of the energy from the PV plant (CE and 

corresponding penalty VCE). These costs are added to the difference between the value of energy sold 

(Es) and bought (Eb)  to the grid at the day-ahead market price (λ). The equation (2.1.2) describes the 

objective function: 
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max f ≜ max[∑ 𝜆𝑡(𝐸𝑡
𝑠 − 𝐸𝑡

𝑏
𝑡 ) − 𝑉𝐶𝐸 ∙ 𝐶𝐸𝑡 ∙ ∆𝑡 − 𝑉𝑜𝐿𝐿 ∙ 𝑈𝐿𝑡 ∙ ∆𝑡]                  (2.1.2) 

The model of the battery system is given with the equations (2.1.3)-(2.1.6). The equation (2.1.3) 

describes the changes in the state of charge (SOC) of the battery where the efficiencies of charging 

and discharging are given with ηc and ηd. Equation (2.1.4) sets the minimum and maximum SOC of the 

battery. The equations (2.1.5) and (2.1.6) describe the maximum discharge (Pd) and charge (Pc) values 

over the given period. The binary variable (yt) is included in the calculation as well to prevent 

simultaneous charging and discharging of the battery. 

𝑠𝑜𝑐𝑡 = 𝑠𝑜𝑐𝑡−1 + (𝑃𝑡
𝑐 ∙ 𝜂c −

𝑃𝑡
𝑑

𝜂d
) ∙ ∆𝑡 (2.1.3) 

𝑆𝑂𝐶𝑚𝑖𝑛 ≤ 𝑠𝑜𝑐𝑡 ≤ 𝑆𝑂𝐶𝑚𝑎𝑥  (2.1.4) 

𝑃𝑡
𝑐 ∙ ∆𝑡 ≤ 𝑆𝑂𝐶max ∙ 𝑦𝑡 (2.1.5) 

𝑃𝑡
𝑑 ∙ ∆𝑡 ≤ 𝑆𝑂𝐶max ∙ (1 − 𝑦𝑡) (2.1.6) 

 

The INSULAE project aims to integrate the demand response possibility by using the desalination plant 

on Unije island. The desalination plant would be able to adjust its energy consumption in the most 

optimal way for the system. For these reasons, a simple model described with (2.1.7) and (2.1.8) is 

incorporated in the model: 

−𝐷𝐸𝑆𝑚𝑎𝑥 ≤ 𝑑𝑒𝑠𝑡 ≤ 𝐷𝐸𝑆𝑚𝑎𝑥 (2.1.7) 

∑ 𝑑𝑒𝑠𝑡 ∙ ∆𝑡 ≤ 𝐷𝐸𝑆𝑡𝑜𝑡𝑎𝑙

𝑡

 (2.1.8) 

Variable 𝑑𝑒𝑠𝑡 dependent on the operation of the desalination plant and can have the maximum value 

of 𝐷𝐸𝑆𝑚𝑎𝑥. The sum of the provided demand response during the observed period cannot be higher 

than 𝐷𝐸𝑆𝑡𝑜𝑡𝑎𝑙. Additionally, the limits on imported and exported power are imposed to assure the 

secure operation of the power system. The energy produced from the PV must be equal to the 

forecasted value of PV production reduced for the curtailed energy from the PV. 

Four scenarios for Unije island have been analysed. The scenarios are presented in Table 2. Additional 

scenario with zero-import risk is also presented but is different from the other scenarios as the 

objective is to determine the value of installed PV power and battery capacity to ensure there is no 

possibility for loss of supply.  

Table 2. Scenarios for risk analysis of the Unije energy system 
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Scenario PV [MW] ESS [MW] DR (Demand 

Response) 

BAU (Business as 

Usual – S0) 

0 0 No 

S1 1 0 Yes 

S2 0 1 Yes 

S3 1 0.5 Yes 

“Zero-import 

risk” 
TBD TBD Yes 

 

Risk calculation 

The standard definition of risk is that it is a product of the probability of an event happening and the 

damage caused by the event. By multiplying the vector of probabilities of each possible event with the 

damage matrix of all possible damages, the risk vector can be obtained. This is mathematically 

expressed with (2.1.9). Because of this, areas such as Unije with weak grid connection and highly 

developed tourism sector are exposed to more risk than areas on the mainland.  

[

𝑝1

𝑝2

𝑝3

]

⊤

∙ [

𝑑11 𝑑12 𝑑13 𝑑14

𝑑21 𝑑22 𝑑23 𝑑24

𝑑31 𝑑32 𝑑33 𝑑34

] = [

𝑟1

𝑟2

𝑟3

𝑟4

]

⊤

                                         (2.1.9) 

Risk analysis results 

The risk analysis was conducted on a half-hourly time resolution for the two summer days. As the 

highest demand is during the summer, this period represents the worst possible case in terms of losing 

the energy supply. The results of the analysis are summarized below in (2.1.10) and Figure 3. 

[
0.046

0.0034
0.0069

]

⊤

∙ [
15,751.2 8,606.7 13,308.8 6,350.7
15,751.2 15,467.2 13,308.8 14,388

0 1,683.9 0 1,683.9
] € = [

778.1
460.1
657.5
352.7

]

⊤

€ (2.1.10) 
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Figure 3. Risk values (Incomes lost/extra costs) of different scenarios for Unije island 

The risk value is obtained as a multiplication of damage that occurred as a result of the outage and 

the probability that an outage occurs. The risk analysis showed that the current situation, in which 

there are no new technologies installed and the islands’ supply depends only on the interconnection, 

is exposed to the highest risk. The installation of the PV plant (S1) reduces the risk more than the 

installation of the battery storage (S2). The lowest risk was achieved for the scenario S3 that included 

both, energy storage and the PV plant. With the application of the smart inverter, a joint battery and 

PV plant can become a controllable unit cable of providing secure supply to the island which leads 

towards lower risk than in other scenarios. 

Zero-import risk scenario 

To calculate the possibility of Unije island to become energy self-sufficient, a zero-import risk scenario 

was analysed. The objective of this analysis was to determine the necessary PV and battery storage 

capacities to ensure the secure supply of the island in case of interconnection outage. Thus, it is 

considered that island is self-sufficient if the supply is secured even in the case when there is no supply 

from the mainland.  The analysis was conducted for the maximum demand during summer period and 

the highest possible demand. The results are presented in Figure 4. 

 

Figure 4. Risk values for different PV and battery capacities 
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The analysis was conducted for four cases considering installations of 0, 0.5, 1 and 1.5 MW PV plant, 

while battery capacity varies from 0 MWh to 4 MWh. The scenario with 0 MW PV power plant needs 

a battery with significantly higher capacity than 4 MWh. Such a scenario would be economically 

unfeasible and indicates problems when trying to achieve 100% renewable energy systems by applying 

only one technology. The best result was achieved for the scenario with 0.5 MW PV power plant and 

3.5 MWh battery capacity. With these values, the risk is equal to zero and Unije island is 100% 

renewable and energy self – sufficient.  For this case, after the fault occurs, Unije successfully transits 

to island regime with the secured supply of the island. Scenarios with 1 and 1.5 MW PV power plant 

can also achieve 100% renewable self – sufficient Unije island but with a battery capacity significantly 

higher than 4 MWh. This is because the risk is the function of the unsupplied load as well as curtailed 

power. Because of the high power production from the PV power plant in these two scenarios, there 

is a need for battery with much higher capacity than in scenario with 0.5 MW to store all excess power 

from the PV power plant. Case study on Unije shows that it is possible to create completely renewable 

self – sufficient islands that are energy independent from the mainland.  

Although this analysis suggests the need for higher battery capacity than foreseen in the INSULAE 

project, it should be noted that the analysis was conducted for the most pessimistic scenario. Within 

the INSULAE project, higher capacity of the PV plant will be installed. According to the existing demand 

curves of the island, the battery installed as a part of INSULAE project with the grid forming inverter  

can provide about 12 hours of island operation. 

2.2 Grid impact analysis – solution for the  technical 

connection of the PV plant and battery storage 

This analysis deals with one applicable case of the INSULAE project, namely the joint management of 

a solar power plant and a battery storage on the Unije island. The analysis models the existing medium 

voltage network with the TS 110/35/10 kV Lošinj substation. The model has been expanded with 

facilities that will be built in the coming period, namely the PV Orlec solar power plant with a capacity 

of 4,140 MW, the PV Unije with the capacity of 1 MW and the energy storage system (ESS) with 

parameters 0.4 MW/1.6 MWh at cosφ = 1. The power flow calculation is modelled for maximum and 

minimum load and is simulated drive for one day at a minimum load. The voltage, current and losses 

were examined in this study. Additionally, a ESS operation management was proposed in order to 

assess the possibility of the ESS to control voltage in the system. More details about this study are 

available in the analysis2,3. 

Power system around Unije island and power flow calculation 

 

2 Mimica M., Širić I., Jardas D., Krajačić G., Voltage conditions in the power system around the Unije island with 
solar power plant and battery storage, CIRED conference, Šibenik, 2021. 

3 M. Mimica, G. Krajačić, D. Medved, D. Jardas, Digitalization and Smart islands in the Kvarner archipelago, 2020 
43rd International Convention on Information, Communication and Electronic Technology (MIPRO), doi: 
10.23919/MIPRO48935.2020.9245328 
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Traditionally, the distribution system was organised in such a way that it accepts power from the 

transmission network and further distributes it to end-customers in a safe manner and in accordance 

with network rules. In this case, the flow of active and reactive power went in one direction, from 

higher voltage to lower. The significant connection of smaller distributed sources leads to two-way 

power flows, thus the distribution ceases to be a passive intermediary between the EES (Electric 

Energy Storage) and end customers and becomes an active system where voltages are defined by 

consumption and production. Distributed sources on the distribution network can be smaller plants 

with synchronous generator, but also power plants connected to the grid through inverters such as 

solar power plants. The conceptual representation of the traditional distribution system and 

distribution system with distributed production is given in Figure 5. 

 

Figure 5. Traditional distribution system (a) and distribution system with distributed production (b) 

Distributed production has a number of impacts on the technical characteristics of the system such as 

short-circuit current, electricity quality and voltage. The distribution system must deliver electricity to 

final customers, with the voltage amount not exceeding the limits of 95%-110% of the rated value. 

The occurrence of distributed sources generally does not cause voltage problems during higher loads, 

but low loads may lead to too high voltages violating the prescribed network rules [4]. It is well known 

that the change in voltage amount is approximately defined by the expression (2.2.1) [5]: 

∆𝑈 =
𝑃𝑅 + 𝑋𝑄

𝑈𝑛
                                                                               (2.2.1) 

Where P  is the active power,  Q  reactive power,  R resistance,  X  reactance, and  Un  rated voltage. 

Therefore, voltage change can be regulated by active and reactive power depending on the size of the 

parameters of resistance and reactance. On the low voltage network, the influence of resistance is 

dominant, while at the middle voltage level the ratio of X/R is typically slightly higher. Therefore, on 

the medium voltage network, it is possible to provide support with the reactive power of the network 

in order to keep the voltage within the prescribed limits. This analysis investigated the possibility of 

supporting the network with reactive power using the ESS and the grid forming inverter. 

Modelled power system 
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The island of Unije, together with the islands of Susak, and Male and Vele Srkanama is powered from 

TS 110/35/10 kV substation and TS 35/10 kV substation with a power of 2.5 MVA. The supply of final 

customers on the Island of Unije is carried out through TS 10/0,4 kV located on Unije, and connected 

with 10 kV cable to Vele Srkane. On the Unije island, the installation of a solar power plant with a 

connection power of 1 MW and a ESS of 0.4MW/1.6MWh is planned. The solar power plant and the 

ESS will be jointly connected to a 1.6 MVA rated transformer that will be connected to the existing 

substation on Unije island. In addition to the new facilities on the Unije island, a solar power plant 

Orlec with a connection power of 4.14 MW at cosφ = 0.94 on the island of Cres is also planned. The 

parameters of voltage levels of busbars, transformers and lines are modelled according to the 

available data available in the associated power distribution area. The model of the described system 

is shown in Figure 6. 

 

Figure 6. Model of the analysed electricity network in the environment of the Unije island 

 

Modelled scenarios 

This study considered several scenarios in case of minimum load: reference scenario (S0), 

scenario with PV Unije and Orlec (S1), scenario with PV Unije and Orlec and ESS 0.4 MW cosφ = 1 (S2) 

and scenario with PV Unije and Orlec, and ESS 0.2 MW with Q=f(U) (S3). It is also simulated a one day 

minimum load for the last case. In case of maximum load, it is shown that all voltages in all cases are 

within the limits of the permitted drive defined by the network rules and this case is not further 

analyzed in operation. The reference scenario does not envisage the construction of solar power 

plants and batteries. Thus, the power flow for reference scenario represents the current situation on 

the site. Figure 7 provides an overview of the analysed scenarios. 
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Figure 7. Overview of analysed scenarios 

Scenario Scenario S0 Scenario S1 Scenario S2 Scenario S3 

Load Minimum Minimum Minimum Minimum 

Union PV (cosφ = 1) 0 1 MW 1 MW 1 MW 

PV Orlec (cosφ = 0.94) 0 4.14 MW 4.14 MW 4.14 MW 

ESS 0 0 0.4 MW (cosφ = 0) 0.2 MW (Q=f(U)) 

 

In case of minimum load, for which all scenarios are calculated, the automatic controller in feeder 

substation cannot regulate the voltage on the bus 35 kV, which is why in the model on buses 110 kV 

it is necessary to install the highest measured voltage of 126.2 kV (1.147 p.u.), while the control switch 

in TS 110/35/10 kV is placed in the final position. Distribution transformers are modelled with a neutral 

control switch position and a rated transmission ratio of 10/0.4 kV. 

Scenario S3 provides for the ESS to provide a voltage control service by providing reactive voltage-

dependent support on the Q=f(U) connecting bus. Characteristic Q=f(U) is shown in Figure 8. 

 

Figure 8. Control characteristic of the Q = f(U) battery 

 

Results 

Analysis of voltage for four scenarios at minimum load 

The results showed that the two S0 and S3 scenarios meet network requirements, while S1 and S2 

scenarios lead to breaches of the voltage limits prescribed by network rules. For scenario S1, there is 

a breach of the prescribed voltage limits at the location of the Unije PV connection and at the Unije 

medium and low voltage bus. For scenario S2, there is an additional breach of voltage limits at the 

medium and low voltage of Vele Srkane. In no scenario are the thermal limits of the lines and cables 

exceeded. Table 3 provides an overview of the selected busbars and associated voltage levels, as well 

as changes from the reference scenario, while Figure 9 and Figure 10 visually show the voltage amount 

for each of the scenarios for the selected busbars and the voltage amount along the 10 kV branch of 

the model. 
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Table 3. Node voltages for each scenario and a change from the reference scenario 

Bus S0 

U[p.u.] 

S1 

U[p.u.] 

Change 

S1/S0 [%] 

S2 

U[p.u.] 

Change 

S2/S0 [%] 

S3  

U[p.u.] 

Change 

S3/S0  [%] 

TS Lošinj 35 1.074 1.066 -0.76 1.066 -0.78 1.064 -0.95 

Kamenolom10 1.080 1.073 -0.64 1.073 -0.65 1.062 -1.62 

M.Srkane10 1.080 1.089 0.84 1.095 1.39 1.078 -0.17 

V.Srkane10 1.080 1.095 1.36 1.103 2.11 1.084 0.36 

Susak2-10 1.079 1.088 0.83 1.094 1.39 1.077 -0.17 

Unije10 1.080 1.108 2.63 1.121 3.86 1.097 1.63 

Hrasta35 1.074 1.077 0.24 1.077 0.23 1.075 0.06 

 

 

Figure 9. Voltage amount for four scenarios 
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Figure 10. Voltage amount along 10 kV branches of the model for minimum load 

The losses of the active power in the grid are shown in Figure 11. It is evident that the connection of 

the two solar power plants leads to a significant increase in losses compared to the reference scenario 

S0. The inclusion of the ESS in the S3 scenario mode leads to a further increase in losses, while inclusion 

of ESS in the S4 model (when ESS controlled the voltage) leads to a smaller increase in losses where 

they amount to 186 kW and 3.1% of consumption, respectively.  

 

Figure 11. Operating losses in the distribution network for different scenarios 

 

Analysis of network opportunities for one day minimum load for scenario S3 

 

In order to better investigate the dynamics of the work of the ESS, one day of minimum load with a 

15-minute resolution was observed. In doing so, it is assumed that the maximum charging and 

discharge power is 200 kW and that at any time the ESS can provide reactive support to the network 

according to the characteristic shown in Figure 8. Given that the solar power plant and battery are 

connected "behind the meter" which is why they act as a single facility, and that the intention is to 

maximize the profits of such a power plant, it is assumed that the ESS is emptied in the evening when 

production from the solar power plant ceases, and when prices on the electricity market are highest. 

The ESS is charging overnight at low electricity prices while all solar power generation is delivered to 

the grid also for economic reasons. Alternatively, if the total power of the solar power plant exceeds 

the permitted connection power, it is possible to use the excess production of the solar power plant 

for charging the ESS. Figure 12 shows the operation of the battery with the described characteristic of 

reactive support for one day of minimum load. 
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Figure 12. ESS active and reactive power for one day of minimum load 

Figure 12 shows that the battery is constantly supporting the grid with reactive power, which is 

expected given the high voltages prevailing in the network during the minimum load. Figure 13 shows 

the behaviour on the Unije and Lošinj35 busbars in case of S2 (without reactive power regulation) and 

S3 (with reactive power regulation).  

 

 

Figure 13. Voltage to Unije10 and TS Lošinj35 for scenarios S2 and S3 for one day 

The influence of the ESS is visible in the reduced voltage amount on the Unije10 and TS Lošinj35 

busbars at all times of the observed time interval. Also, the local influence of the ESS was emphasized, 

given that the decrease in voltage on the Unije10 is more expressed than the decrease in the amount 

of voltage on TS Lošinj35.  
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Impact on short circuit currents 

The connection of PV plant and ESS impacted the short circuit currents in the observed system. To 

assess if the breaking power of the equipment is high enough it was necessary to conduct the three-

phase short circuit analysis before and after the facilities are connected. 

The results of this analysis are presented in Table 4. 

Table 4. Three-phase short circuit currents before and after the connection of PV and battery 

Node Ik3'' [kA] 

before 

Ik3'' [kA] 

after 

Change 

[%] 

AERODROM10 1.736 1.814 4.49 

HRASTA35 1.279 1.282 0.23 

KAMENOLOM10 1.924 2.002 4.05 

M.SRKANE10 1.331 1.407 5.71 

OSOR35 1.906 1.914 0.42 

SUSAK1-10 1.023 1.069 4.50 

SUSAK2-10 0.996 1.04 4.42 

TS LOŠINJ10 1.998 2.075 3.85 

TS LOŠINJ110 2.527 2.535 0.32 

TS LOŠINJ35 3.354 3.378 0.72 

UNIJE10 0.913 0.983 7.67 

V.SRKANE10 1.18 1.254 6.27 

PV Unije - 0.974 - 

The results showed that the highest influence of the connection of PV and ESS to the grid happened 

at the location near the connection (7.67% increase of three-phase short circuit current). However, 

these increases did not exceed the breaking power of the power system equipment. 

Concluding remarks of the grid study 

This study models the power system in the environment of the Unije island with the purpose of 

examining different scenarios for the integration of distributed energy sources. A total of four 

scenarios were modelled, two scenarios of which include the integration of the battery storage. One 
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scenario implemented the ESS reactive power management characteristic. The results show that the 

integration of distributed sources without the possibility of regulation leads to exceeding the voltage 

limits prescribed by the network rules. The integration of the ESS with the possibility of reactive power 

regulation for the purpose of maintaining voltage values in the prescribed values leads to a decrease 

in network losses and a decrease in voltage values on busbars. In addition, the operation of the EES 

with the regulation of reactive power for one day of minimum load was analyzed, where voltages on 

busbars on Unije and Lošinj were observed and where the local influence of the EES came to the fore. 
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3 UC-1: JOINT MANAGEMENT OF HYBRIDIZED RES AND STORAGE 

UNIJE UC-1 will foresee the installation and optimal management of a MW-scale PV plant integrated 

with a Battery Energy Storage System (BESS) that had the goal to guarantee clean energy 

independence to the island of Unije as well as grid stability considering the peripheral grid position of 

the island on the local network. 

3.1 PV plant installation 

3.1.1 Main technical specifications 

One of the objectives of INSULAE project is to demonstrate joint management of renewable energy 

sources and energy storage system. To achieve this task a battery and PV will be installed on the island 

of Unije on a predetermined site. Within this chapter, detailed specifications regarding the PV plant 

are provided. On the given site it is necessary to optimally arrange the panels, determine their number, 

angle of inclination, suggest a way of fixing the supporting structure, the method of electrical 

connection, the PV inverter, estimate the total installation costs and the annual electricity generation. 

The solar power plant should be designed for all weather conditions. All parts and components must 

be of such quality to ensure safe operation and maximum operation with minimal maintenance needs 

and maximum operating lifespan. 

The main technical specifications of the PV system are given in Table 5. 

Table 5. PV system specifications 

Installed power 1270 kW 

Nominal voltage 3 x 230 / 400 V 

Nominal frequency 50 Hz 

Nominal power factor ≥ 0.95 

Efficiency 97% 

Operation type In parallel with distribution grid 

Purpose For production in the distribution grid 

 

As part of the same project, the construction of an accompanying Battery Energy Storage System 

(BESS) is planned 400 kW and storage capacity of 1600 kWh, the functionality of which is also to be 

foreseen and projected through this project and is further elaborated in chapter 2.2. 

The investor (HEP, the Croatian main energy utility and DSO) decided to build a PV plant on the ground 

to generate electricity which should be operated in parallel with the electricity distribution grid and 

be constantly connected to the grid. The planned rated power of the inverter on the PV plant is  50-
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110 kW. The PV plant will be connected to the battery storage system. Operationally, PV plant and 

battery storage system will be built simultaneously. The expected mode of operation is that the 

battery system stores excess energy from the power plant and discharges it to the grid during periods 

when there is no sun, i.e. when the solar power plant is not producing. The expected consumers of 

the electricity are consumers on the Island of Unije, but also nearby islands of Susak, Srakane and 

Lošinj, via undersea medium voltage cable (10 kV). 

3.1.2 PV plant location 

The PV plant is located on Unije island in Kvarner archipelago, Croatia. Within the area of the selected 

location (2.96 ha) is defined the most acceptable construction location(construction footprint) area of 

2.15ha for the solar power plant. Figure below presents the location of the PV plant. 

 

Figure 14. PV plant location 

3.2 Battery Energy Storage System 

RINA-UK (as RINA-C linked third party) has been involved in INSULAE to draft the conceptual technical 

specification of the Unije BESS (the “BESS”) to be jointly located with the 1MW Solar PV4 . 

 

4 located at cp. 0084/2, 10253, 10254, 10251, 10252, 10081, k.o Unije (Croatian Cadastral reference). 
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3.2.1 Proposed Battery Energy Storage System 

The conceptual scheme has been designed to meet local demand while providing real-time grid 

stabilisation to the network, allowing excess electricity generated from the Unije PV farm to be stored 

in the BESS during times of high irradiance or low-demand. This stored capacity can then be fed back 

into the grid during times of peak demand, which can coincide with times of low PV generation 

(evenings). 

The key design specifications established based on the scenarios studied are shown in Table 6. 

Table 6: Unije indicative BESS specifications 

Parameter Details 

Total Power  0.4MW 

Total capacity  1.6MWh 

The proposed solution involves the installation of the below components. We note that a number of 

these components are expected to be shared with the PV infrastructure to optimise Project CAPEX; 

 Battery energy storage container: shipping container (12m) located on a permeable gravel 

hardstanding / geotextile membrane. The containers house the batteries and connecting 

hardware. Each container will be equiped with environmental controls, fire detection and 

suppression system and may require up to two heating, ventilation and cooling (HVAC) units which 

can be either mounted externally at ground level or integrated within the BESS container.  

 Power Conversion Systems (PCS) and transformers: PCS units convert between direct-current 

(DC) to/from the batteries and alternating current (AC) to/from the grid to allow power flow in 

both directions. A transformer unit and switchgear are required to adjust the voltage between the 

PCS and grid and control power flow. The transformer unit can be mounted adjacent to the two 

PCS on the shared concrete foundation. Alternatively, we note that once the connection 

arrangements for PV and BESS elements of the project are further developed, the transformer 

could be placed in order to enable both the PV and BESS AC connections to terminate on the low 

voltage side of the same transformer. 

 Customer switchgear / control room: this allows the site operator to isolate and control the export 

power from the PV and BESS. It is where the control-centre operating system will be located. Due 

to the dispatchable nature of the BESS, the control system will be required to modify the BESS 

output in order to ensure equipment and grid operational limits are not breached. 

 Network operator cabin: this is used to house the metering and control equipment to allow 

network operator control of the grid connection, and measurement of energy into and out of the 

electricity network. This connection infrastructure could be shared between the PV and BESS 

assets.  

Demand profile  

In order to understand the likely charge and discharge regime of the BESS against the island demand 

and available PV generation RINA have developed the synthesised demand profile based on the 

following process.  

The “Prilog 5_mjerenja200809_15min.xls” data from 6th August 2009 is the only metered demand data 

made available for Unije. As such, this was considered the most applicable of available data in order 
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to understand the likely intraday demand profile of the island. This daily demand profile shape was 

assumed to be similar across the year in the scenarios modelled.  

To establish a synthesised demand profile for the island RINA-UK has utilised the annual seasonal 

demand profile as identified in the “Simulation of electricity demand in a remote island for optimal 

planning of a hybrid renewable energy system” paper. By digitising the seasonal profile data within 

this paper, this was used to establish seasonal scaling factors. Seasonal scaling factors for each day are 

based on the ratio of the daily peak demand to the peak demand on 6th August (the same date as the 

metered data available). These scaling factors establish the seasonal demand curve and accounts for 

increased summer demand on a small island due to aspects such as tourism. The demand curve is then 

applied to the metered demand data to synthesis the annual demand curve while reflecting the 

expected intraday demand profile the Project would be expected to meet.  

RINA has established two demand profile scenarios following this methodology; 

 Scenario A: is based on scaling the synthesised demand profile against the measured data. As 

outlined above.  

 Scenario B: is a conservative case where the Scenario A demand profile has been further uplifted 

in order to increase the annual maximum demand to equal the rated capacity of the 400kVA 

transformer installed on Unije. Given this transformer sizing it is expected that this would 

represent the highest demand on the island.  

As stated above, we note that due to limitations on information availability, the demand profiles 

established are subject to uncertainty. We expect that the results outlined in the subsequent sections 

could be refined following further discussion with the key stakeholders on the expected demand and 

future flexibility on the network. The uncertainty of the analysis undertaken would be reduced with 

more information on the island demand profile. 

Operational Forecast  

RINA-UK has undertaken a selection of modelling scenarios for a range of proposed BESS sizes. The 

simulations have been performed to assess the performance and utilisation of the BESS to meet the 

local energy demand while operating in conjunction with the solar PV asset.  

As outlined in Table 6, the 1MW/1MWh BESS established during the previous feasibility assessment 

was verified to provide a high-level indication of availability against the assumed demand profile in 

addition to offering a solution at a CAPEX point which is expected to align with the project budget. We 

note that subsequent analysis was undertaken to assess if increased utilisation and further local 

demand could be met through the modification of the BESS energy to power ratio. As outlined in 

Figure 15, the annual performance of a 0.4MWW/1.6MWh BESS was found to reduce the local 

demand not served while adhering to CAPEX limitations of the project  

While Figure 15 shows the expected total PV generation exceeds local demand across the year, this 

surplus energy could be used to feed other islands within the network subject to the network operator 

clarifying grid stability within the area.  

Figure 15. Scenario A BESS 0.4MW/1.6MWh, annual profile 
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3.2.2 BESS model inputs - PV generation and Unije demand 

In order to test the originally proposed 1MW/1MWh BESS and refine the BESS sizing capacity if 

required, RINA has assessed the likely usage profile of the battery system given the forecast irradiance 

at the site against the seasonal demand profile. Figure 16 outlines the PV generation and Scenario A 

and B demand curves established to undertake this assessment.  

Each of these form a key input to assessing the potential BESS utilisation and dispatch profile, the 

process by which these inputs were derived is discussed in turn below.  
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Figure 16. Forecast monthly generation and demand profiles (MW daily sum)5 

 

PV Irradiance profile  

The Unije irradiance profile and associated PV yield estimate has been made available by HEP as part 

of the Unije PV feasibility assessment. The forecast annual PV generation profile for the Unije PV 

project which was used within the BESS modelling scenarios is shown in Figure 16  above. As seen in 

this Figure 16, the sum of the monthly forecast PV generation exceeds the expected sum of monthly 

demand for all months, except Scenario B in December.  

However, as demonstrated in Figure 17, consumer demand and PV generation do not align, with peak 

demand periods occurring later in the evenings. As such, energy storage is required to align the 

generation profile of the PV with the demand profile of the island.  

  

 

5  Based on data (“SE Unije_VC0_HourlyRes_0.csv”) and associated report (“SE Unije_VC0-Report Draft…”) 
from 8th August 2019 provided by REA. 
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Figure 17. Daily irradiance and demand profile 

 

Demand profile 

Metered demand information for Unije was not available as part of the assessment. Understanding 

the demand profile of the island is of central importance to ensuring that the battery storage system 

energy to power ratio sizing can be optimised against the likely load profile. This section outlines the 

methodology and process undertaken to establish a synthesised hourly annual demand curve for the 

island against which the battery use-case simulations were conducted.  

Data availability  

In the process of establishing the demand curve, a number of data resources were made available by 

a selection of project stakeholders in addition to public information which was obtained 

independently by RINA. The assessment of information and data resources conducted by RINA-C and 

their suitability in developing load profile for the BESS modelling scenario are discussed in turn;  

 Assessment of the modelling procedures undertaken by HEP in the EOTRP report (June, 2019); 

– These results were assessed to understand the likely network loading scenarios which have 

been assumed under the PV development phase; 

– The results of this report were limited to simulated results on the day of minimum demand at 

the Project location. As such, establishing seasonal variation between the peak demand in 

summer and minimum demand in winter was not possible; 

 2018 annual demand data for Croatia (“Arhiva_201812.xls”) from the HEP website was provided 

by REA; 

– While the annual dataset (“Arhiva_201812.xls”) provided insight on the seasonal variation in 

demand behaviour, this was not in line with expected behaviour on Unije with peak demand 

occurring over the winter months. Given the islands increased tourist population during 

summer, it was understood from the inception mission that Unije peak demand would occur 

in these summer months; 
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– With peak demand occurring during the winter months it was not considered appropriate to 

use this Arhiva_201812.xls dataset. Additionally, as this demand profile peak was the inverse 

of the peak irradiance (PV generation), using this dataset would have resulted in increased 

demand on the island not being serviced by the PV and BESS assets, misrepresenting their 

potential to meet local demand; 

 The 2dprojekt report (Elaborate BR. 1301802) provided by REA; 

– This report was assessed to understand the basis on which the PV project had been sized and 

the assumptions against which the energy generated by the proposed PV project would be 

consumed locally; 

– No information relating to the island demand was understood to be available from this 

assessment. As detailed in section 0, assumptions relating to the PV generation profile were 

established based on this report; 

 Given the unsuitable nature of the annual datasets available for the Project, RINA-UK undertook 

research of published papers which examine increased renewable generation penetration on 

similar European island networks; 

– In the absence of real data for the Project location, RINA-UK has used information published 

in the research paper “Simulation of electricity demand in a remote island for optimal planning 

of a hybrid renewable energy system6” to provide an assumed seasonal demand variation; 

– RINA view this assumption as a key limitation to the accuracy of the demand profile 

established and where additional metered data is available from Project stakeholders, would 

expect to update the BESS scenarios modelled accordingly.  

 One day of 5 minutely data (“Prilog 5_mjerenja200809_15min.xls”) recorded on Unije in 2009 was 

provided by FSB; 

– This data has been used to understand the intraday demand profile of the island; 

– This intraday profile has been used (and scaled accordingly) to establish an annual profile 

across the scenarios simulated; 

Demand profile  

In order to understand the likely charge and discharge regime of the BESS against the island demand 

and available PV generation RINA have developed the synthesised demand profile based on the 

following process.  

The “Prilog 5_mjerenja200809_15min.xls” data from 6th August 2009 is the only metered demand data 

made available for Unije. As such, this was considered the most applicable of available data in order 

to understand the likely intraday demand profile of the island. This daily demand profile shape was 

assumed to be similar across the year in the scenarios modelled.  

To establish a synthesised demand profile for the island RINA-UK has utilised the annual seasonal 

demand profile as identified in the “Simulation of electricity demand in a remote island for optimal 

planning of a hybrid renewable energy system” paper. By digitising the seasonal profile data within 

this paper, this was used to establish seasonal scaling factors. Seasonal scaling factors for each day are 

based on the ratio of the daily peak demand to the peak demand on 6th August (the same date as the 

 

6  “Simulation of electricity demand in a remote island for optimal planning of a hybrid renewable energy 
system”, K. Mavroyeoryos et al. September 2017.  
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metered data available). These scaling factors establish the seasonal demand curve and accounts for 

increased summer demand on a small island due to aspects such as tourism. The demand curve is then 

applied to the metered demand data to synthesise the annual demand curve while reflecting the 

expected intraday demand profile the Project would be expected to meet.  

RINA has established two demand profile scenarios following this methodology; 

 Scenario A: is based on scaling the synthesised demand profile against the measured data. As outlined 

above.  

 Scenario B: is a conservative case where the Scenario A demand profile has been further uplifted in order 

to increase the annual maximum demand to equal the rated capacity of the 400kVA transformer installed 

on Unije. Given this transformer sizing it is expected that this would represent the highest demand on the 

island.  

As stated above, we note that due to limitations on information availability, the demand profiles 

established are subject to uncertainty. We expect that the results outlined in the subsequent sections 

could be refined following further discussion with the key stakeholders on the expected demand and 

future flexibility on the network. The uncertainty of the analysis undertaken would be reduced with 

more information on the island demand profile. 

3.2.3 BESS model boundaries - CAPEX 

As discussed with the key stakeholders during the preparation of this conceptual design, the BESS 

element of the Project is constrained based on the available CAPEX. Outlined below is a selection of 

factors which influence BESS CAPEX and an overview of the CAPEX ranges which were considered 

when selecting what may be a viable energy to power ratio for the conceptual BESS design.  

CAPEX considerations  

A number of factors influence the current CAPEX of a BESS which must be considered when 

determining BESS pricing. These factors include but are not limited to; 

 Usable Energy Capacity: for a given system, the usable energy capacity is determined by the number of 

battery modules comprising the BESS. The usable energy capacity can generally be increased by increasing 

the number of battery modules. Additional racks or containers would be required to house additional 

modules.  

 Power rating: for a given system, the power rating is primarily determined by the ratings of the PCS, 

protection equipment, cabling and ancillary equipment. Battery cells and modules are subject to maximum 

release/absorption power ratings, the exceedance of which can impact product warranties. To increase BESS 

release power beyond these maximum cell/module power ratings alternative cells/modules designed for 

the required release rates can be utilised. These may be of a different chemistry type, such as lithium-

titanate. 

 Ratio of BESS Energy Capacity to Power Rating: the energy to power ratio (“EtoP” ratio) is the principle 

factor which determines the maximum duration of time that the BESS power rating can be sustained. For 

example, a BESS usable energy capacity of 2MWh with a rated power of 1MW would be considered to have 

an EtoP ratio of 2, which indicates the BESS should be able to sustain its rated power for 2 hours from a full 

State of Charge (SoC).  

A reciprocal metric is the ratio of BESS release power rating to BESS energy capacity, which is referred to as 

the release “C rate”. In the previous example the “C rate” would be 0.5.  

 Balance of Plant: The cost of the energy storage unit is only part of the total system cost. Balance of Plant 

(BoP), which includes monitoring systems, battery management system, thermal management system etc. 
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costs, will vary depending on technology and use case. For example, utility-scale lithium ion batteries require 

a thermal management and fire suppression system in case of overheating, which can add to CAPEX. 

 Installation requirements: in addition to equipment, installation and system integration costs will need to 

be considered. The cost of installation is linked to the size and complexity of the energy storage system. For 

example containerised lithium ion systems which can be delivered pre-assembled to site as module units 

can offer potential cost savings over a bespoke building design which requires additional expertise.  

 ESS Use-case: The intended use case of an energy storage system will dictate which type of energy storage 

system is installed, so the system with the lowest cost per kWh is not necessarily the best for the intended 

application. As such, the BESS will be supplied to a bespoke specification according to the use case as 

specified by the customer and described in section Error! Reference source not found.. This includes sizing t

he system against the intended service life, anticipated release throughput required per year, anticipated 

duration of times spent at different release/absorption rates or SoC levels.  

Consideration of these factors may result in the initial usable energy capacity being “oversized” to 

allow the required usable energy capacity of the use case to be sustained for several years while 

accounting for expected degradation rates that will result with use. This “oversizing” would increase 

the CAPEX, a careful balance between initial system over-sizing against repowering in future years 

given the projected cost degradation curve for that chemistry should be taken.  

BESS CAPEX ranges  

This assessment is based on global BESS prices which have been collated by RINA-C based on a number 

of competitive tender processes and against a selection of use case and revenue stream expectations. 

In addition, RINA-C has discussed the project in general terms with a number of leading BESS vendors 

in order to better inform the likely energy to power capacity which could be procured for the project 

at Unije.  

The overall size of the system will also influence the CAPEX per energy or power unit, with larger 

systems generally having reduced CAPEX per unit energy or power due to economies of scale. To 

demonstrate this economy of scale and to demonstrate the sensitivity as to how modification of the 

energy to power ratio will influence CAPEX, RINA-UK have included the graph in Figure 18.  
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Figure 18.  Indicative CAPEX trends 

 

The BESS solutions examined within section below were considered while assuming a CAPEX 

constraint of approximately €300,000±10% based on the pricing assumptions established from Figure 

18. 

Assumptions 

 The BESS pricing discussed in this section relates to supply and installation of the BESS and 

associated equipment including PCS. Additional site mobilisation works and further subcontracting 

works have not been included and should be assessed on a site by site basis 

 Price variation with varying Energy to Power ratios was modelled based on component price data 

RINA has acquired over the last 24 months at the time of writing. Figures provided are indicative 

and should not be used for financial modelling or investment decisions.  

 Baseline BESS pricing is based on BESS price data from a limited sample of systems that we have 

seen over the past 24 months at the time of writing. Based on our market experience, we have 

made an estimate of component price evolution to provide baseline price at estimated present 

day rates. 

 Degradation to state of health has not been modelled and system specifications provided are 

beginning of life values. 

 Prices are based on system tenders for a number of regions which are typically offered in local 

currency or USD. All prices have been converted to EUR based on October 2019 exchange rates. 

3.2.4 Operational dispatch assumptions  

Given the limited availability of demand side data, at this stage a generic BESS specification and 

dispatch profile has been developed with robust assumptions in order to facilitate increased 

renewable generation and grid stability. The primary function of BESS has been developed in order to 
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maximise the demand load served on Unije by local generation resources, i.e. the PV and BESS. As 

such, it has been assumed that the PV generation would primarily meet any local demand with excess 

generation being absorbed by the BESS.  

During instances where the PV generation is not capable of meeting the local demand, the BESS would 

meet this demand assuming there is sufficient State of Charge (SoC) to do this.  

Where neither the PV nor BESS are able to meet demand, it is assumed that load would be served by 

grid import. Similarly, in periods of high irradiance and low demand, instances where the PV meets 

local demand requirements and the ESS SoC is at 100%, it has been assumed that the PV generation 

would be clipped. This energy could alternatively be exported to the wider grid, network limitations 

with this increased renewable resource would need to be clarified with the network operator.  

The BESS dispatch profile has been refined based on results obtained from a selection of initial 

modelled scenarios. It was realised that the island was subject to rapid demand spikes (from the 

network operators perspective) associated with the PV coming online and the BESS reaching its SoC 

low point (i.e. no usable energy capacity available). In order to mitigate these rapid demand spikes on 

the network, RINA-UK integrated ramp rate control within the BESS dispatch functionality in order to 

eliminate instances of near instantaneous loss of local generation. This ramp rate control modified 

BESS behaviour to reduce its power set-point based on its current SoC position. This enabled the BESS 

to meet Unije demand with the energy capacity available while enabling a controlled transition from 

the load being met by local generation to being serviced by the distribution grid connection. RINA 

consider this control functionality to provide increased grid stability while enabling the BESS to achieve 

a high level of utilisation.  

3.2.4.1 Analysis of solar-plus-storage performance  

This section provides an overview of how the BESS solutions modelled behave based on demand 

profiles established. The results for the Scenario A demand profile are initially presented. As shown in 

Figure 16, the Scenario B profile developed has an increased demand requirement over the 

assessment year, as such these subsequent results provide a more conservative estimate of the local 

demand which can be met by the Project.  

Scenario A assessment  

Preliminary assessment – BESS 1MW/1MWh  

The initial scenario modelled was used to determine the expected utilisation of the 1MW/1MWh BESS 

which was originally proposed by Project stakeholders during the inception mission at Unije. To assess 

the suitability of this BESS energy to power sizing, RINA examined the performance at periods of Unije 

peak demand (summer) and low demand (winter). Results for these scenarios are presented in Figure 

19 and Figure 20 below.  
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Figure 19. Scenario A peak demand, 1MW/1MWh BESS 

 

Figure 20. Scenario A minimum demand, 1MW/1MWh BESS 

 

As seen in Figure 19 (the peak demand time of year), the residual demand (grey column) not served 

by the Project occurs towards the end of the evening peaks and during the night. Additionally, across 

both the high and low demand periods PV generation exceeds demand (green line) and cannot be 

absorbed by the BESS as its SoC has reached 100%. As discussed above, this PV generation could 

provide reverse power flow from the island, providing clean generation to neighbouring islands on the 

network throughput periods of the day.  

Alternatively, if Unije had a BESS with an increased energy capacity, additional PV generation could be 

absorbed and released by the BESS to meet the local demand during peak demand periods of the year. 

Additionally, given the peak demand of the island being considered less than 400kW (based on the 

island transformer capacity) it was deemed unnecessary to specify the BESS with a 1MW power rating. 

As such, RINA-UK has undertaken a selection of discrete iterative modelling scenarios to determine an 

energy to power ratio that is capable of reducing the residual demand for the island not serviced by 

the Project.  

Table 7 outlines the monthly and annual generation from the PV and BESS in addition to the residual 

demand considering the Scenario A demand profile. The subsequent scenarios modelled were 

targeted at reducing this 75.46MWh annual residual energy demand figure.  

Table 7: Scenario A 1MW/1MWh BESS, monthly demand and generation profiles (MWh) 
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Row Labels Demand ESS absorption 

from PV 

ESS grid infeed  PV grid infeed  Residual 

demand   

January 49.50 31.15 24.59 15.77 9.21 

February 46.06 33.11 25.64 16.64 3.77 

March 48.69 34.89 27.07 20.51 1.11 

April 43.88 28.93 22.55 21.33 0.00 

May 46.25 28.67 22.42 23.83 0.00 

June 59.52 34.66 27.24 31.42 0.87 

July 82.42 39.03 30.71 41.87 9.83 

August 104.39 38.03 29.67 49.92 24.80 

September 67.20 37.79 29.14 30.28 7.78 

October 45.50 33.89 26.39 18.02 1.08 

November 42.78 29.25 23.24 14.21 5.33 

December 47.98 28.56 22.00 14.41 11.67 

Total 684.17 397.98 310.66 298.22 75.46 

Iterative BESS sizing assessment  

In line with the object outlined above, a selection of iterative BESS sizing ratios were modelled. 

Detailed below is the associated results and expected improvements on the 1MW/1MWh BESS 

originally proposed. 

BESS 0.4MW/1MWh  

As an initial CAPEX saving exercise, the rated power of the BESS was reduced to be in-line with the 

400kVA rated capacity of the distribution transformer for Unije. As seen in Table 8, no material 

difference between the results of the 1MW/1MWh BESS and this 0.4MW/1MWh system were realised 

in terms of the residual demand not served.  

Table 8: Scenario A 0.4MW/1MWh BESS, monthly demand and generation profiles (MWh) 

Row Labels Demand ESS absorption 

from PV 

ESS grid infeed  PV grid infeed  Residual 

demand   

January 49.50 31.03 24.50 15.77 9.30 

February 46.06 32.86 25.45 16.64 3.97 

March 48.69 34.57 26.82 20.51 1.36 

April 43.88 28.93 22.55 21.33 0.00 

May 46.25 28.67 22.42 23.83 0.00 

June 59.52 34.41 27.04 31.42 1.06 

July 82.42 39.00 30.63 41.87 9.92 

August 104.39 38.03 29.72 49.92 24.75 

September 67.20 37.59 28.98 30.28 7.94 

October 45.50 33.67 26.22 18.02 1.25 
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Row Labels Demand ESS absorption 

from PV 

ESS grid infeed  PV grid infeed  Residual 

demand   

November 42.78 29.10 23.12 14.21 5.45 

December 47.98 28.47 21.93 14.41 11.74 

Total 684.17 396.32 309.37 298.22 76.74 

BESS 0.4MW/1.6MWh 

Based on this lower BESS power rating (0.4MW), RINA subsequently explored the impact of including 

additional BESS energy capacity (MWh) which could be realised while still adhering to the CAPEX 

considerations outlined in previous sections. As such a selection of energy rating were considered with 

a 0.4MW/1.6MWh solution offering the highest energy rating for the CAPEX limitation.  

Figure 21. Scenario A peak demand, 0.4MW/1.6MWh BESS 

 

 

Figure 22.  Scenario A minimum demand, 04MW/1.6MWh BESS 

 

By increasing the usable energy capacity of the BESS from 1MWh to 1.6MWh the residual demand for 

Unije which required generation capacity from the island interconnector has been reduced to 

25.53MWh (Table 9). This amounts to a reduction in demand not served by the Project by 

approximately 66% between the 0.4MW/1MWh and 0.4MW/1.6MWh solutions assessed.  
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Table 9: Scenario A 0.4MW/1.6MWh BESS, monthly demand and generation profiles (MWh) 

Row Labels Demand ESS absorption 

from PV 

ESS grid infeed  PV grid infeed  Residual 

demand   

January 49.50 36.86 29.10 15.71 4.73 

February 46.06 37.49 28.70 16.59 0.76 

March 48.69 36.39 28.23 20.45 0.00 

April 43.88 28.97 22.58 21.30 0.00 

May 46.25 28.78 22.51 23.74 0.00 

June 59.52 35.90 28.20 31.32 0.00 

July 82.42 51.33 40.33 41.77 0.31 

August 104.39 60.06 46.82 49.80 7.77 

September 67.20 47.38 36.61 30.21 0.38 

October 45.50 35.14 27.37 17.98 0.15 

November 42.78 32.18 26.10 14.17 2.51 

December 47.98 33.02 24.90 14.34 8.92 

Total 684.17 463.49 361.48 297.40 25.53 

BESS 0.3MW/1.6MWh 

To assess the merit of the 0.4MW/1.6MWh system sizing outlined above, RINA have provided the 

annualised performance of 0.3MW/1.6MWh BESS. As expected, the residual demand not served has 

increased. This is primarily due to the BESS no longer being able to respond at the same power 

requirements during periods of high PV generation and peak demand. We note that nominal further 

CAPEX savings are expected to be realised by reducing the rated power of the BESS in this Scenario A 

assessment. Additionally, given it is presently assumed that the Project being able to serve Unije peak 

demand requirements would be considered of high value to the network operator this 

0.3MW/1.6MWh system sizing was not considered for the proposed design. 

Table 10: Scenario A 0.3MW/1.6MWh BESS, monthly demand and generation profiles (MWh) 

Row Labels Demand ESS absorption 

from PV 

ESS grid infeed  PV grid infeed  Residual 

demand   

January 49.50 36.81 29.06 15.71 4.78 

February 46.06 37.36 28.60 16.59 0.86 

March 48.69 36.39 28.23 20.45 0.00 

April 43.88 28.97 22.58 21.30 0.00 

May 46.25 28.78 22.51 23.74 0.00 

June 59.52 35.90 28.20 31.32 0.00 

July 82.42 51.12 40.18 41.77 0.47 

August 104.39 59.32 46.24 49.80 8.35 

September 67.20 47.17 36.45 30.21 0.54 

October 45.50 35.14 27.37 17.98 0.15 
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Row Labels Demand ESS absorption 

from PV 

ESS grid infeed  PV grid infeed  Residual 

demand   

November 42.78 32.14 26.07 14.17 2.55 

December 47.98 32.94 24.84 14.34 8.99 

Total 684.17 462.04 360.34 297.40 26.67 

Scenario B assessment  

As outlined in previous section, this section looks at a similar BESS modelling process against the more 

conservative Scenario B demand profile. The results and trends are materially similar to those detailed 

above. As expected, due to the increased demand requirements, a greater magnitude of Unije 

demand in not served by the Project. We note that this further emphasises the BESS operational 

sensitivity to the assumed input demand profile.  

Preliminary assessment – BESS 1MW/1MWh 

The initial scenario modelled was used to determine the expected utilisation of the 1MW/1MWh BESS 

which was originally proposed during the inception mission at Unije. To assess the suitability of this 

BESS energy to power ratio, RINA examined the performance at periods of Unije peak demand 

(summer) and low demand (winter). Results for these scenarios are presented in Figure 23 and Figure 

24. 

Figure 23. Scenario B peak demand, 1MW/1MWh BESS 
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Figure 24. Scenario B minimum demand, 1MW/1MWh BESS 

 

As seen in Figure 23 and Figure 24, the residual demand (grey columns) not served by the Project 

occurs during the evening peaks and during the night. The primary distinction between Scenario A and 

B is that even during the periods of minimum demand (figure 24) there is a requirement for grid infeed 

to meet Unije demand, compared with Figure 20 above where the Project was able to meet the 

demand profile without input from the distribution network.  

Similarly, the volume of PV generation still exceeds demand (green line) and cannot be absorbed by 

the BESS as its SoC has reached 100%. As discussed in Scenario A, this generation could provide reverse 

power flow from the island, providing clean generation to neighbouring islands on the network. 

Alternatively, this surplus PV generation energy could be used to meet the local demand if the BESS 

had an increased energy capacity.  

Additionally, given the peak demand of 400kW it was deemed unnecessary to specify the BESS with a 

1MW power rating. As such, RINA undertook a selection of iterative modelling scenarios to determine 

and energy to power ratio that was capable of minimising the residual demand for the island not 

serviced by the project. Table 11 outlines the monthly and annual generation from the PV and BESS in 

addition to the residual demand considering the Scenario B demand profile. The subsequent scenarios 

modelled were targeted at reducing the annual residual demand.  

 

Table 11: Scenario B 1MW/1MWh BESS, monthly demand and generation profiles (MWh) 

Row Labels Demand ESS absorption 

from PV 

ESS grid infeed  PV grid infeed  Residual 

demand   

January 86.21 28.21 22.48 25.79 38.11 

February 80.22 32.39 25.27 27.79 27.16 

March 84.80 38.20 29.62 34.36 20.83 

April 76.42 37.61 29.34 36.33 10.75 

May 80.55 38.85 30.39 39.86 10.30 

June 103.67 37.23 29.12 52.40 22.15 

July 143.54 39.25 30.65 69.28 43.62 
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Row Labels Demand ESS absorption 

from PV 

ESS grid infeed  PV grid infeed  Residual 

demand   

August 181.82 37.76 29.45 80.83 71.56 

September 117.05 37.88 29.54 50.02 37.48 

October 79.24 35.65 27.75 30.64 20.88 

November 74.51 28.73 22.48 23.45 28.71 

December 83.57 25.26 19.73 23.07 40.94 

Total 1,191.61 417.02 325.82 493.82 372.48 

Iterative BESS sizing assessment  

In line with the methodology undertaken for Scenario A, a selection of iterative BESS sizing ratios were 

modelled. Detailed below is the associated results and expected improvements on the 1MW/1WMh 

BESS originally proposed.  

BESS 0.4MW/1MWh  

As an initial CAPEX saving exercise, the rated power of the BESS was reduced to be in-line with the 

peak demand observed in Scenario B (400kW). As seen in Table 12, no material difference between 

the results of the 1MW/1MWh BESS and this 0.4MW/1MWh system were realised in the residual 

demand not served. This indicates the BESS with a reduced power capability would a similar level of 

service for a marginal reduction in CAPEX.  

Table 12: Scenario B 0.4MW/1MWh BESS, monthly demand and generation profiles (MWh) 

Row Labels Demand ESS absorption 

from PV 

ESS grid infeed  PV grid infeed  Residual 

demand   

January 86.21 28.17 22.45 25.79 38.14 

February 80.22 32.27 25.14 27.79 27.30 

March 84.80 38.12 29.59 34.36 20.86 

April 76.42 37.61 29.34 36.33 10.75 

May 80.55 38.85 30.39 39.86 10.30 

June 103.67 37.23 29.14 52.40 22.12 

July 143.54 39.18 30.56 69.28 43.70 

August 181.82 37.76 29.44 80.83 71.57 

September 117.05 37.88 29.51 50.02 37.51 

October 79.24 35.65 27.77 30.64 20.85 

November 74.51 28.21 22.09 23.45 29.10 

December 83.57 24.84 19.35 23.07 41.31 

Total 1,191.61 415.76 324.79 493.82 373.50 

BESS 0.4MW/1.6MWh 

Based on this lower BESS power rating (0.4MW), RINA subsequently explored the impact of including 

additional BESS energy capacity (MWh) which could be realised while still adhering to the CAPEX 
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considerations previously outlined. As such, a selection of energy rating were considered with a 

0.4MW/1.6MWh solution offering the highest energy rating given the assumed CAPEX range available.  

Figure 25. Scenario B peak demand, 0.4MW/1.6MWh BESS 

 

Figure 26. Scenario B minimum demand, 04MW/1.6MWh BESS 

 

 

Table 13: Scenario B 0.4MW/1.6MWh BESS, monthly demand and generation profiles (MWh) 

Row Labels Demand ESS absorption 

from PV 

ESS grid infeed  PV grid infeed  Residual 

demand   

January 86.21 40.65 32.46 25.70 28.31 

February 80.22 46.20 35.53 27.72 16.99 

March 84.80 55.09 42.72 34.27 7.82 

April 76.42 50.99 39.78 36.26 0.38 

May 80.55 51.60 40.34 39.76 0.46 

June 103.67 57.32 45.08 52.29 6.30 

July 143.54 61.13 48.01 69.12 26.41 

August 181.82 59.71 46.53 80.68 54.65 

September 117.05 59.58 46.03 49.93 21.09 
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Row Labels Demand ESS absorption 

from PV 

ESS grid infeed  PV grid infeed  Residual 

demand   

October 79.24 51.79 40.32 30.58 8.39 

November 74.51 40.54 32.22 23.37 19.15 

December 83.57 35.14 27.07 22.97 33.83 

Total 1,191.61 609.74 476.08 492.66 223.76 

By increasing the usable energy capacity of the BESS from 1MWh to 1.6MWh the residual demand for 

Unije which required generation capacity from the island interconnector has been reduced to 

approximately 223.76MWh. This amounts to a reduction in demand not served by the Project by 

approximately 40%.  

BESS 0.3MW/1.6MWh 

To assess the merit of the 0.4MW/1.6MWh system sizing outlined above, RINA have provided the 

annualised performance of 0.3MW/1.6MWh BESS. As expected, the residual demand not served has 

increased. This is primarily due to the BESS no longer being able to respond at the same power 

requirements during periods of peak demand. We note that nominal further CAPEX saving are 

expected to be realised by reducing the rated power of the BESS. Additionally, given it is presently 

assumed that the Project being able to serve Unije peak demand requirements would be considered 

of high value to the network operator this 0.3MW/1.6MWh system sizing was not considered for the 

proposed design. 

Table 14: Scenario B 0.3MW/1.6MWh BESS, monthly demand and generation profiles (MWh) 

Row Labels Demand ESS absorption 

from PV 

ESS grid infeed  PV grid infeed  Residual 

demand   

January 86.21 40.39 32.26 25.70 28.51 

February 80.22 45.72 35.16 27.72 17.35 

March 84.80 54.14 41.97 34.27 8.57 

April 76.42 50.81 39.64 36.26 0.52 

May 80.55 51.54 40.29 39.76 0.50 

June 103.67 56.77 44.65 52.29 6.73 

July 143.54 61.12 47.86 69.12 26.56 

August 181.82 59.71 46.65 80.68 54.53 

September 117.05 59.22 45.77 49.93 21.35 

October 79.24 51.08 39.76 30.58 8.94 

November 74.51 39.54 31.43 23.37 19.90 

December 83.57 34.84 26.83 22.97 34.05 

Total 1,191.61 604.86 472.27 492.66 227.51 
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3.2.4.2 Operational BESS – Preferred solution  

Based on the scenario modelling results established above, RINA has presented the conceptual design 

assuming the 0.4MW/1.6MWh solution. For both Scenario A and B, this BESS was found to offer a 

solution which minimised the energy demand not served for Unije.  

As outlined previously, the expected utilisation of the BESS and results pertaining to the annual Unije 

demand served is based on the assumed demand profile which has been established. We note that 

the level of uncertainty relating to these results could be reduced with improved demand profile data.  

The subsequent sections provides detail relating to the conceptual design and key equipment which 

could be realised for this hybrid solar-plus-storage solution at Unije.  

3.2.5 BESS Project Design  

This section provides the conceptual BESS design solution to inform stakeholders of the primary design 

features and key components required. This conceptual design has been established based on the 

assumed 0.4MW/1.6MWh BESS design outlined in section Error! Reference source not found., h

owever we note that given the modular nature of energy storage solutions and the small sizing of the 

system this design could feasibly be applied to the 1MW/1MWh solution originally proposed.  

Variations in design approach will occur based on the chosen equipment suppliers and system 

integrator. 

This section of the report provides an overview of a robust conceptual design solution which is 

considered viable for the Unije BESS project. A conservative approach in terms of the equipment 

required has been adopted, with the equipment and associated amounts overestimated. As such, this 

is expected to facilitate an installation with a reduced impact (from a project footprint and typical 

planning evaluation criteria) from the design proposed. 

The subsequent sections of the report provides technical information on the functional parameters of 

the proposed equipment for the conceptual design. Where applicable, further information on how 

the topology of the interfaced PV and BESS can vary is also introduced.  

3.2.5.1 Conceptual design  

Based on the operational metrics, the conceptual scheme has been designed to provide real-time grid 

stabilisation to the local area, allowing excess electricity generated from the Unije PV farm to be stored 

in the batteries during times of high irradiance or low-demand. This stored capacity can then be fed 

back into the grid during times of peak demand, which can coincide with times of low generation 

(evenings). The key design specifications are included below in Table 15. 

Table 15: Unije BESS indicative specifications 

Parameter Details 

Total Power (megawatts) 0.4 MW 

Total capacity (megawatt-hours)  1.6 MWh 
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3.2.5.2 Site design  

Outlined in Figure 27 below in the conceptual layout drawing of the Unije BESS to inform how the 

potential solution could be implemented at the site. It should be noted that final equipment suppliers 

and contractors for the project have yet to be selected (part of procurement/tendering procedure to 

be described in section 4). Whilst some variation in the equipment may be necessary we do not 

envisage significant variation in the presented design philosophy.  

The site location is based on the feasibility assessment previously undertaken within the 2dprojekt 

report (Elaborate BR. 1301802). We understand from discussions during the site visit to Unije that the 

PV project location and layout was yet to be finalised. As such, we expect further optimisations to the 

below layout could be made when establishing the technical interfaces between the PV and BESS 

elements of the project.  

Figure 27. Unije PV and BESS site layout 

 

The approximate dimensions and quantities of each subcomponent needed for the project are listed 

below in Table 16. 

Table 16: Unije proposed BESS components 

Component Dimensions (l x 

w x h) (m) 

Indicative number of components proposed 

Battery energy storage 

container 

~12.3 x 2.7 x 2.6 Two BESS containers installed on level ground.  
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Component Dimensions (l x 

w x h) (m) 

Indicative number of components proposed 

HVAC ~2 x 1.8 x 1.2 Two HVAC units per BESS container mounted on 

concrete foundations and connected to the container 

via ducting at the end of each container.  

PCS and transformer 

power block  

~2.2 x 8.5 x 2.6 One PCS skid per energy storage container. One 

transformer unit is currently assumed for the BESS 

element of the BESS, this connection arrangement 

could be updated to share the transformer across the 

PV and BESS elements of the Project if considered 

commercially advantageous.  

Customer switchgear / 

control room 

~12.2 x 2.9 x 4 One control room to house the plant control hardware 

(EMS and SCADA). It is expected this could additionally 

be used to store spare components for the Project.  

Network operator cabin N/A One cabin with connection infrastructure shared across 

the Project. We note individual metering systems are 

proposed for ease of fiscal and performance 

reconciliation.  

Perimeter security fence 

with security cameras 

~2.5 - 3m height Perimeter fencing with CCTV and IR motion detection 

system. Additional equipment as required by the 

insurance provider to be included.  

3.3 Key findings  

This section demonstrates the improvements which can be realised through the addition of the BESS 

at Unije.  

Figure 28 provides a histogram of the aggregated hourly behaviour across a simulated Scenario A year. 

This figure outlines the expected behaviour for both the PV only scenario in addition to the solar-plus-

storage solution. As can be seen, the PV only residual demand (red line), i.e. the Unije demand not 

served by the PV plant is pronounced throughout the evening peaks and night-time loads. For the 

solar-plus-storage solution, we can see the residual demand (grey line) has been reduced across most 

of the hours. Expectantly, the morning hours between 03:00 and 06:00 demonstrate the times where 

the greatest level of Unije load is not met. This is due to the BESS limited usable energy capacity, with 

the SoC reaching 0% prior to sunrise where the PV plant would typically contribute to this load in 

addition to charging the BESS where possible.  

As shown in Table 17, we can see that the residual demand (assuming a Scenario A demand profile) 

not served for the island reduces from 350.63MWh to 25.53MWh through the introduction of the 

BESS for the given year.  

Also seen in Table 17, 1,693.5MWh of generator energy was available within the solar-plus-storage 

scenario. This available generation is based on PV generation and BESS grid infeed to meet local 

demand in addition to the PV generation which has been clipped. The energy available to meet 

demand is reduced from the solar only scenario of 1,816.2MWh. The difference in available energy 

between the two scenarios is due to conversion losses on the ~463MWh of PV generation which has 
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been used to charge the BESS (conversion efficiency of approximately 78%). In addition, the increased 

auxiliary load requirements for the PV and BESS assets has increased from the solar only scenario to 

meet the night-time and HVAC load of the BESS.  

While the net energy available has reduced, there is a material increase in the load which can be met 

through the inclusion of the BESS. As such, the co-located solution will offer greater capability to meet 

consumer requirements during periods of peak demand and throughout periods of lower irradiance. 

This hybrid solution enables the project to offer increased flexibility in addition to realising potential 

financial benefits through the time value of energy delivery, i.e. increased tariffs during peak demand 

periods.  
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Figure 28. Histogram of annual generation and demand behaviour (MWh) 
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Table 17: Annual generation and demand behaviour (MWh) 

Hr. Scenario A 

Demand 

PV Generation  BESS Infeed PV clipping Residual demand PV generation  Residual demand 

  Solar-plus-Storage Solar only 

00 25.0 0.00 24.01 0.00 1.02 0.00 25.01 

01 23.1 0.00 22.01 0.00 1.07 0.00 23.06 

02 22.4 0.00 20.83 0.00 1.62 0.00 22.44 

03 21.7 0.00 19.52 0.00 2.24 0.00 21.75 

04 22.2 0.00 18.95 0.00 3.25 0.00 22.19 

05 23.5 3.27 16.14 0.00 4.06 3.66 19.79 

06 23.9 12.81 9.09 0.00 2.02 20.53 3.37 

07 23.4 17.22 4.66 0.00 1.55 69.71 0.00 

08 27.5 25.84 1.08 3.87 0.61 138.58 0.00 

09 28.8 27.95 0.53 49.59 0.28 194.43 0.00 

10 28.0 27.64 0.32 117.55 0.08 230.69 0.00 

11 29.7 29.55 0.12 164.78 0.06 238.58 0.00 

12 32.4 31.96 0.34 185.09 0.07 241.52 0.00 

13 29.1 29.05 0.09 184.40 0.00 234.34 0.00 

14 27.6 27.23 0.35 156.93 0.01 198.12 0.00 

15 27.0 25.54 1.36 111.84 0.13 143.47 0.00 

16 27.2 20.29 6.53 52.37 0.42 74.07 0.00 

17 27.7 15.13 12.03 8.22 0.51 24.09 3.56 

18 30.1 3.86 25.56 0.00 0.66 4.28 25.79 

19 41.2 0.04 40.04 0.00 1.13 0.13 41.07 
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Hr. Scenario A 

Demand 

PV Generation  BESS Infeed PV clipping Residual demand PV generation  Residual demand 

20 41.6 0.00 40.32 0.00 1.26 0.00 41.55 

21 38.5 0.00 37.29 0.00 1.27 0.00 38.54 

22 34.6 0.00 33.36 0.00 1.21 0.00 34.56 

23 28.0 0.00 26.96 0.00 1.02 0.00 27.96 

Tot 684.2 297.40 361.48 1,034.64 25.53 1,816.20 350.63 
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3.4 Critical path / next steps 

RINA-UK note a number of items discussed in this report should be discussed with Unije local key 

stakeholders to ensure the most pertinent and applicable data has been assumed in this assessment. 

Items to be considered;  

 Assessment of further data which could be made available to refine the demand profile against 

which the BESS sizing assessment has been based.  

 Substantial PV generation which is not required for the island demand is available for grid export. 

It should be clarified with the network operator if this arrangement is feasible given the local 

network conditions.  

 Value engineering through integration of the PV and ESS infrastructure could be realised  

– This includes understanding shared connection equipment (transformer, substations, etc.) and 

placement in order to reduce the equipment needed on site, plant footprint, cable runs, etc.  

 BESS use case to be finalised, we note that while the BESS has been assessed to reduce Unije 

intermittency, the commercial benefit and utilisation of the grid connection through the current 

time-shifting and load following focused use case will be limited. 

– RINA-UK note that future scenarios (following the update of applicable regulation) could 

enable increased revenue stacks through a bi-directional connection agreement. If these 

ancillary services are expected to be introduced in subsequent years of operation these should 

be considered within the control system at tendering stage  

– RINA-UK note that due to the diurnal nature of the PV generation, the grid connection 

infrastructure would not be utilised during evenings and nights. As such, this presents an 

opportunity for the BESS to operate in additional ancillary service markets, in addition to 

targeting arbitrage opportunities.  

 Contracting structure to be finalised; it is understood that the BESS OEM will supply a 

containerised battery solution to REA. This containerised battery solution would then be freely 

issued to HEP for installation in parallel with the PV installation.  

– Contractual agreements to reflect this arrangement, and ensure suitable level of protection, 

are to be implemented.  

– Confirmation of EMS controller requirements are to be agreed, alternatively, if a HEP operator 

/ trading desk are expecting to have greater level of access to BESS dispatch control.  

 BESS OEM tender to be implemented to ensure competitive process can be realised and cost 

efficient solution procured for the site. 
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4 PROCUREMENT AND COMMISSIONING ACTIVITIES FOR PV AND BESS 

INSTALLATION IN UNIJE 

The procurement activities started in February 2021. The procurement plan consists of several key 

points stated below:  

• Definition of technical parameters required for the procurement – February 2021 

• International and Croatian tendering procedure alignment requirements – March 2021 

• Preliminary market analysis – March 2021 

• Official start of the procurement process for the battery – Align with the permit process 

The preliminary market research will be the most challenging issue because it is necessary to have 

battery technical parameters well defined due to the strict Croatian regulations regarding tendering. 

There is no possibility for any flexibility in public procurement so the technical parameters need to be 

defined in detail prior to the tendering. 

Commissioning of the battery and PV plant on Unije are also dependent on the permits process. Since 

the facility will be built on an area with many environmental constraints it can be expected that 

additional delays may occur. Thus, it is essential to align the permit process with procurement and 

commissioning. The timelines for these three procedures are interdependent and should be carefully 

considered in order to reduce any risk. For example, if the permit process may not be completed while 

the procurement of the battery would, the battery would have to be stored or placed on the site prior 

to the permit process completion.  

The greatest issue regarding the battery and PV plant procurement is related to the existing Croatian 

regulations. The requirements for public tender are very strict in terms of defining the battery 

technical parameters. This limitation is significant since many suppliers may not be able to fulfil the 

requirements (that may not be essential for the project objectives) which would result with less offers 

for the tender. The tender should be organized in a way that allows some flexibility in terms of 

technical parameters which would be much more aligned with current international tendering 

processes. The permitting process is also designed in a manner that requires a significant amount of 

time and energy with uncertain outcomes. The procedure can be simplified with better definitions of 

requirements, especially regarding the battery storage which seems to be a novelty for the Croatian 

administrations. 
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5 PV+BESS MANAGEMENT APPROACH PROPOSED IN INSULAE 

In the framework of UC-1 to be developed in Unije lighthouse island, RINA-C (with the support of RINA 

UK colleagues as their linked third party) will develop a solution to optimally manage the PV+BESS 

system on Unije island.  

The solution will not be a real time controller of the system, but a decision support tool that will enable 

“day-ahead” scheduling of the BESS in accordance with the weather forecast, demand forecast, and 

grid services need forecast. Such “day ahead” scheduling could be transferred to the SCADA Controller 

that will practically manage the PV+BESS plant. The solution (to be named “OPTIMUM BESS”) will be 

developed in the framework of RINA CUBE Suite. 

RINA CUBE is a modular digital solution to ease fleet performance management. Through a Data 
Collector installed on board, it continuously collects data from the plant’s meter and automation 
systems, as well as directly from sensors if required. RINA CUBE is able to exploit data with machine 
learning to create technical models of the asset, evaluate capacity degradation or detect possible 
critical events that reduce availability. 

Live asset monitoring  

RINA CUBE allows easy visualisation of asset performance in quasi real time. Alarms with clear 

description of events allow easy tracking of asset down time and ease interventions as well as claim 

procedures. There is the possibility to configure daily/weekly/monthly reports that provide a 

comprehensive breakdown of the asset’s performance. Data accessible for monitoring/reporting are 

the following: 

 Energy discharged for the period; 

 Auxiliary consumption; 

 Temperatures and HVAC setpoints; 

 Average / min / max SoC; 

 BMS events 

 PCS events 

Performance assessment 

RINA CUBE added value lies in the analytical capabilities of the platform. The project’s specific 

performance guarantees can be implemented and tracked on a regular basis. The following BESS 

performance indicators are assessed using asset’s data upstream and historical data: 

 Remaining Capacity (SoH) 

 Round Trip Efficiency (RTE) 

 Availability 

The platform uses models developed by RINA to estimate these parameters while not in standard 

conditions. In the event an underperformance is observed, the platform flags the issue and provides 

valuable information to decide if a capacity test is relevant and when would be the optimal time to 

perform the test. Additionally, BESS lower-level data can be analysed for early detection of 

underperformance at the BMS/PCS level. 
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Figure 29. Example of different type of visuals that RINA Cube/Optimum SOLAR/BESS can showcase in terms of 
performance monitoring 

RINA Cube use for Unije BESS 

As detailed earlier a range of assumptions have been developed in order to establish the demand 

profile for the island. Additionally, the BESS dispatch profile has been based on these demand curves, 

input to the simulated scenarios. It is expected that as the demand profile of the island changes over 

the course of the project life, i.e. due to the introduction of residential solar-plus-storage solutions in 

addition to new revenue streams potentially becoming available, the dispatch priority of the BESS may 

be required to change with time in order to achieve similar levels of utilisation in addition to ensuring 

the BESS State of Health (SoH) degradation is properly managed and understood.  

RINA has developed a digital platform, RINA CUBE, which we would implement as part of the project 

in order to provide meaningful actionable insights as to how the solar-plus-storage solution could be 

operated in order to further optimise asset performance. RINA Cube, is designed by Microsoft and 

based on the Azure platform, provides an online portal viewed on a web browser and displays key 

project data, documentation and data feeds on a secure read-only basis. 

One example of where the control system could be refined to ensure the longevity of the asset would 

relate to BESS average SoC during the low demand Scenario A scenarios modelled. We note that the 
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BESS SoC remains above 30% during the periods of low demand for Scenario A. Operating the BESS in 

this manner would result in increased state of health degradation. As such, it is assumed that subject 

to the demand forecast, the BESS would be limited in terms of the usable energy capacity which would 

be achieved by PV offtake to protect the longevity of the asset.  

During the initial operating phase, and as part of RINAs wider scope under Unije demonstrator 

activities, RINA will implement RINA CUBE to gather operational data, provide insights and operate a 

digital twin of the solar and BESS facilities. This platform has been successfully implemented to provide 

other renewable asset owners with project specific insights and user friendly interfaces and 

dashboards to assess their projects.  

It is expected that data will be initially uploaded on a monthly basis until a live interface is achieved 

via OPC protocol (subject to provision thereof) at near-real time, allowing the owner and key 

participants to react to changing situations with full clarity and efficiency. 
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6 CONCLUSION 

This deliverable presents the shareable information related to demonstration activities that will be 

implemented in Unije island, with particular reference to UC-1 also taking inspiration and contents 

from D4.5 and D4.6 confidential reports. 

The contents of this report are part of an overall assessment (technical, regulatory, environmental, 

social acceptance) of all preparatory activities to develop and deploy the Unije UC-1 activities that 

involved REA, UNIZAG-FSB, RINA-C and RINA UK . 

The goal of this document is therefore to present in detail implementation activities that all 

aforementioned partners will perform in next months under REA and UNIZAG-FSB supervision to 

deploy and demonstrate UC-1 as well as to present in details the procedure that brought to the design 

of Unije PV+BESS System that will be procured/installed in 2021-2022. 

Key findings and suggestions for next steps have been presented in that sense in section 3.3 and 3.4. 

Next imminent steps are mostly related indeed to the start of the construction of the PV plant, of the 

procurement of the BESS and of the development of optimized PV+BESS energy management 

strategies also capitalizing monitoring data via RINA CUBE tools 


