Journal of Sustainable Development Indicators

http://www.sdewes.org/jsdi

Year 2025, Volume 1, Issue 3, 2020621

Original Research Article

Method for spatial, energy, and economic assessment for photovoltaics
integration into public buildings

Ana Kodba', Josip Miski¢!, Maurizio Dellavia', Tomislav PukSec™
'Department of Energy, Power and Environmental Engineering, Faculty of Mechanical Engi i aval
Architecture, Ivana Lucica 5, Zagreb, Croatia
e-mail: tomislav.puksec@fsb.unizg.hr

[

Cite as: Kodba, A., Miskic, J., Dellavia, M., Puksec, T., Method for spatial, energy, and economic assessment for
photovoltaics integration into public buildings, J. sustain. dev. indic., 1(3), 2020621, 2025, DOI:
https://doi.org/10.13044/j.sdi.d2.0621

N\
ABSTRACT

solarization project. The results showed
current market conditions, resultj an .1% and an NPV 1,470,244.77 €.
The production cost from PVgystems ingtalle® at public buildings is 49.74 €/ MWh,
while purchasing electric egffgy fromgthe Metwork is 149 €/ MWh.
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integmagio tovoltaic (PV) systems into public buildings has gained increasing
Phion’s regulatory framework strongly promotes the integration of solar
ies in the building sector, with particular emphasis on the public sector. The

deployment in buildings. The EED mandates that the public sector lead by example, requiring
annual renovation of at least 3% of the total floor area of public buildings to nearly zero-energy
or zero-emission standards [1]. As part of this process, the integration of renewable energy
systems, including PV modules, is explicitly encouraged to reduce fossil energy consumption.
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In parallel, the RED requires Member States to increase the share of renewables in final
energy consumption in buildings to at least 49% by 2030 [2]. The directive highlights that new
buildings, especially public ones, should incorporate on-site renewable energy generation
where technically and economically feasible. This includes the systematic consideration of
rooftop PV installations in the planning, construction, and renovation processes of public
buildings. Additionally, Member States are instructed to simplify administrative procedures
and remove regulatory barriers to solar deployment, especially for self-consumption models.
As such, public buildings are positioned as key instruments for the implementation of both
directives, serving as early adopters of integrated solar energy solutions and as models for
broader societal uptake.

Solar installation on public buildings offers several advantages: large roo areas,
predictable demand patterns, and eligibility for targeted policy incentives. AlthougiNgsidgntial
and commercial solar adoption is well studied, the specific dynamics of publg cture
solarization remain less extensively explored.

At the fundamental level, spatial suitability assessment forms the tech 3
PV planning. Geographical Information System (GIS) and three-dimensig odelling

approaches have been widely employed to evaluate rooftop sola ) respect to
orientation, slope, shadowing, and available installation surfacg ple, 1n [3] authors
utilized LiDAR data and GIS tools to estimate generation po 1 fy viable rooftop
areas in Lethbridge (Canada). They find out that in Lethbri ately 301 GWh annual
potential was identified, with around 96% of rooftops & gt cegnomically feasible under
current market conditions. Similarly, in [4] Yu et a -scale 3D building with
diverse datasets to estimate potential from build RVs. Within the 120 analysed
areas, study reveals that the total solar radiatio facades is highly competitive with
that received by rooftops, showcasing an av ooftop ratio of 100.7%. Moreover,

35.9% of the facades receive even mo
lower conversion efficiency of fac

an rooftops, despite the generally

remains approximately 68.2%.

Energy calculation studie tput of PV systems based on insolation, panel
performance, and local clj . Reviews of building-integrated PV technologies
highlight the importa ariation analysis in system performance, including
module temperature ight Tntegration, and efficiency trade-offs between opaque and
semi-transparent gjs

Economic assg gs been addressed in multiple contexts. Life-cycle cost analysis and

public community buildings to assess economic viability and environmental benefits of
integrating PV systems. They showed that the integration of solar PV systems could lead to a
reduction of 1.02 million tons of CO2 emissions annually and a 48% decrease in net present
cost. These findings highlight the potential of solar PV to mitigate environmental harm while
offering financial benefits in alignment with Saudi Arabia’s renewable energy objectives.
More comprehensive frameworks have emerged that integrate spatial layout optimization,
power dispatch and grid interaction. A Chinese study using trans-regional power dispatch
simulation demonstrated that spatial optimization could reduce PV curtailment by
approximately 7%, thereby improving overall system utilization [9]. Other techno-economic



assessments emphasize that spatial diversity and regional balance are critical to reducing
variability and achieving higher alignment with grid demand patterns [9].

Existing literature demonstrates progress in discrete areas, spatial potential mapping,
energy yield simulation, and economic evaluation of PVs, but relatively few studies
successfully integrate all three domains simultaneously in the context of public buildings.
Despite the rich body of work on rooftop PV potential and economic modelling, a clear gap
exists at the intersection of spatial, energy and economic analysis specifically targeting
solarization of public buildings. Key limitations include:

1. Sector-specific modelling deficiency: Most existing studies generalize beyond
residential or commercial buildings. Public buildings, which often benefit from

combined analytic frameworks.
2. Lack of integrated methodology: While spatial assessments estg
potential and economic analysis evaluates profitability, few studie
link spatial outputs (e.g., suitable rooftop area) via energy yi
unified economic feasibility model.
3. Limited sensitivity to local policy and incentive structuy : /ses assume
general market tariffs and generic incentive regim
public sector settings depend heavily on availa i fs, net-metering
regulations, capital subsidies, and institutional
4. Grid interaction and variability consideration atial layout impacts grid
integration, most economic assessments

economic analysis using cash flow mod.
of Energy (LCOE), Net present val
building portfolios.
This study addresses this
framework combining:
e Spatial mappig
databases.

ailored to public building solarization, supporting decision-makers
planning and public sector investment strategies. METHOD

ological approach applied in the research to assess the economic performance of PV
systems integration in public sector buildings. The methodology is structured around three
primary components: spatial analysis, energy analysis, and empirical data collection. These
core elements are integrated with other economic input parameters and collectively serve as
inputs into the economic analysis, which is based on dynamic financial modelling using the
cash flow method.
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The spatial analysis is conducted 00 1dent1fy and evaluate the physical and

geographical suitability of bulldm oftops fo olar energy systems. This step involves the
inc[Wation, and potential shading, with the objective
of determining the technical fedSibilg system installation. Spatial data is essential for
estimating the potential ing i pty across the public building stock.

The energy analysigg
systems under local jc agd irfadiation conditions. This component uses standardized

tools - PVGIS angmdg iulate expected energy yields over the system’s operational

d data, such as installed PV capacities concerning rooftop surface area,
ance data of existing systems, and other practical implementation records.
roves the reliability and accuracy of model assumptions by grounding them in

These three analytical components are integrated with other economic input data, including
investment costs, operation and maintenance expenses, electricity prices, financing conditions,
and policy-related factors. The combination of technical outputs and economic variables feeds
into the economic analysis, which is the final stage of the methodological framework.

The economic analysis employs the cash flow method, tracking financial inflows and
outflows over the project lifetime. Key performance indicators derived from this analysis
include the LCOE, NPV, and IRR. LCOE provides a measure of the average cost per unit of
electricity generated over the lifetime of the system, enabling comparison with market
electricity prices. NPV reflects the difference between the present value of cash inflows and



outflows, indicating overall project profitability. IRR represents the discount rate at which the
NPV becomes zero, serving as a benchmark for assessing investment attractiveness.

In the bottom section of the figure, graphical outputs of the economic analysis are presented,
including a yearly cash flow diagram, a cumulative cash flow profile, and a sensitivity analysis.
The yearly cash flow diagram shows annual income and expenses, highlighting the payback
period. The cumulative cash flow chart visualizes the accumulation of financial returns over
time, showing when the investment becomes profitable. The sensitivity analysis illustrates the
influence of key parameters, such as investment cost, electricity price, and system capacity, on
the internal rate of return, revealing the robustness and vulnerability of the project under
different scenarios.

This framework ensures a holistic and data-driven evaluation of the economic
solar energy deployment in public buildings, combining geospatial, technical, em
financial dimensions in a structured and replicable process.

Spatial analysis

Spatial analysis was conducted using QGIS, an open-source
processing, visualization, and spatial interpretation. The primary ol
to map all public buildings within the selected urban area and
surface area for potential PV system installation. Additionall
PV systems were identified and mapped to support late
analysis.

To obtain spatial data on building locations,
utilized. This tool enables data retrieval from t
queries. The initial extraction included all bui
key "building".

Following the extraction, attribute-b, fil

Non-public structures were remove m datgCt based on their attribute values. The
remaining public buildings were furtiler categorfgd into the following functional types:
ntal

reetNap database using key-value
the city of Osijek by querying the

e Administrative and ern
e Educational.

med, and their building footprints were updated accordingly.
glculating the ground-level (footprint) area of each building using
ptor" tool. This calculation provided the geometrical basis for
installation area.

The resulting formula, representing the installed PV capacity as a function of available
rooftop area, was then applied to the remaining public buildings without existing PV systems.
Using the "Field Calculator”, the potential installed capacity of PV systems was estimated by
multiplying each building’s footprint area by the derived coefficient.

It is important to note that certain buildings from the reference layer with existing or
planned PV systems overlapped with buildings from the main public building layer. These
duplicates were removed from the dataset to avoid overestimation and ensure consistency in
further analyses.



Energy analysis

The energy analysis represents a fundamental step in assessing the feasibility and planning
of PV systems on public buildings. Its main objective is to estimate the potential installed
capacity of PV systems and the corresponding annual electricity generation for a mapped
portfolio of public buildings. This information serves as the basis for subsequent economic and
financial analyses.

In this study, the PV Geographical Information System (PVGIS) was used as the primary
analytical tool. PVGIS is an open access geoinformatics platform developed by the Joint
Research Centre (JRC) of the European Commission. It enables users to calculate solar
radiation and estimate the expected electricity output of PV systems based on several
parameters, including geographical location, panel tilt, azimuth angle, and sys losses.
PVGIS supports different system configurations, including grid-connected syste grid
installations, and systems equipped with solar tracking mechanisms. Ou s are
available on yearly, monthly, daily, and hourly timescales.

For this analysis, PVGIS was used to calculate the annual electricity pi
(kW) of installed capacity under standardized conditions. The as pplied in the
PVGIS simulations were as follows:

e All PV systems are assumed to be connected to the g

e PV panels are mounted at the optimal tilt and orief¥g rwhagdiven location.
e Total system losses are assumed to be 14%.

To determine the potential capacity of PV systems d be installed on public
buildings, a correlation was established between oof afga and the installed PV system
capacity using data from buildings where PV sygt@y % alreddy been implemented. A total
of 25 public buildings with existing PV instald@tions Were Mlentified, and their rooftop surface
areas were calculated using GIS-based spajg 1s. Fyg€ach building, the installed capacity
of the PV system was documented. &
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Figure 2. Correlation between existing PV system capacity and roof area



By analysing the relationship between the building footprint, Ag,,f, (used here as a proxy
for usable roof area) and the installed PV capacity, an empirical correlation was derived. The
relationship was found to be best described by a power function, resulting in the following
equation:

PVpower = 0.00454 - Areagy,r %77, [kW] (1)

This equation (Equation 1) provides a scalable method for estimating the potential installed
capacity of PV systems on other public buildings that have not yet been equipped with solar
technology. It accounts for the nonlinear relationship observed between available roof area and

efficiencies, and usable roof proportions.

Using the above formula, the theoretical PV capacity for each additio nJW§e was
calculated. Subsequently, the annual electricity generation potential for each si i
by multiplying the calculated PV capacity by the specific annual producti
PVGIS (1,210 kWh/kW/a).

In the work, PV system production decrease is assumed based o
It is assumed that production will decrease by 0.5% during the y.
environmental conditions, and manufacturing quality.

annual income based on self-consumption
system configuration.

The energy analysis combines em
modelling to systematically evaluate
methodology ensures a reproducible
decision-making in the context gf’pub energy transition planning.

1al mapping, and simulation-based
of public building infrastructure. This

Economic analysis

The economic ana
evaluating the fina and long-term sustainability of solar investments. The
methodology appiitehy gy’ is based on two complementary approaches: the calculation
of the LCOE and s gw method, which enables the assessment of financial performance
indicators s s ¥
stan d metric used to evaluate the cost-effectiveness of energy-generating
eprgsents the average cost of producing one unit of electricity over the lifetime
d is particularly useful for comparing different generation technologies

LCOE = CAPEX + OPEX [ € : 2
Eproduced ’ MWh

Where:

e (CAPEX represents the capital expenditures [€].
e OPEX refers to the operational and maintenance costs over the system’s lifetime [€].
® Eyroducea 18 the total electricity generated over the project lifetime [MWh].
The capital expenditure (CAPEX) is calculated using the Capital Recovery Factor (CRF),
which accounts for the time value of money:



CAPEX = CRF - INV d-@+d)y INV 3

Where:

e (RF is the capital recovery factor.

e [NV is the initial investment cost [€].

e d is the discount rate [%].

e nis the economic lifetime of the PV system [years].

Fuel costs are excluded from the LCOE formula in this analysis, as PV systems do not incur
fuel-related expenses. The resulting LCOE serves as a benchmark for evaluating the cost-
efficiency of the PV systems and is used to compare the generated electricity costs with existing
market tariffs.

To complement the LCOE evaluation and capture the dynamic aspects of proje
and returns, a detailed cash flow analysis was conducted. This approach cons
inflows and outflows of funds throughout the operational life of the PV sygsig
calculation of key financial indicators, including the NPV, IRR, and Pay@a

The primary revenue stream is the sale of electricity generated
selling price of electricity is assumed to be a fixed proportion of th
single-tariff pricing model is considered, reflecting the stan

grid-connected systems in Croatia, and is justified by the da gafferation profile of
PV systems.
On the expenditure side, operational costs include an algnance expenses and the

¢ assufgption that PV systems may be
e an&lysis conservatively assumes
during low-production periods,

cost of electricity purchased from the grid. Despi
capable of covering annual consumption on a
that public buildings will continue to pur
particularly in winter months.

To reflect real-world financing cond#foR, i ed that 40% of the total investment is
subsidized by the local governme ile aining 60% 1is financed through debt.
Depreciation is applied linearly o perational life of PV modules and inverters.

NPV is calculated by disc net cash flows (i.e., revenues minus costs) to
their present value using th

“4)

f NPV > 0, the investment is considered profitable.
If NPV < 0, the investment is not financially viable.
e If NPV = 0, the investment breaks even.
The Internal Rate of Return is defined as the discount rate at which the NPV of all future
cash flows equals zero:

NPV(IRR) =0 (5)

IRR represents the effective annual rate of return generated by the project.
e IfIRR > Cost of Capital, the project is financially viable.
e IfIRR < Cost of Capital, the investment is not justified.



e IfIRR = Cost of Capital, the investment is marginally acceptable.

Lastly, the Payback Period is calculated to determine the time required for the project to
recover the initial investment through net positive cash flows. Two approaches are commonly
used:

e The simple payback period does not account for the time value of money.
e The discounted payback period, which considers discounted cash flows using the
discount rate.

Although the payback period offers insights into project liquidity and risk, it is not a
sufficient standalone metric for investment decisions. Therefore, it is used in conjunction with
NPV and IRR to provide a comprehensive evaluation of project performance.

Case study and input data

City of Osijek is in eastern Croatia, the centar of Osijek-Baranja County an¢
in Slavonia. It is the fourth largest city in Croatia, and its area is 171 kg
2021 census, the city of Osijek currently has a population of 75,916. Os

climate, meaning that summers are warm and dry with relativelygh
winters are cold and harsh.

AN\N

Legend:

| Case study area
Osijek City area

- Osijek .

0 2.5 5 km

A4 Figure 3. Case study area — City of Osijek

Table 1A (Appendix) presents a list of all public buildings in Osijek with their three-year
average electricity consumption. In Osijek, there are 109 public buildings with a total electricity
consumption of 5,942.535 MWh/a [12]. Since the project duration is 25 years, electricity
consumption will certainly change significantly during that period due to a combination of the
implementation of energy efficiency measures (which should contribute to reducing
consumption) and the electrification of heating, cooling, and the introduction of electric car
chargers (which should further increase electricity consumption). Since it is not certain what
the pattern of consumption will be, in this research, electricity consumption is kept constant
throughout the project period.
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The annual production per 1 kW of installed capacity of PV systems is 1,210.25 kWh [13],
This value is subsequently used to estimate the electricity production potential of all analysed
public buildings. The monthly in-plane irradiation for fixed-angle PV systems installed on the
roof can be seen in Figure 3. The largest part of the irradiation will be during the summer
months, i.e., July and August. The maximum irradiation is achieved in July. The least
irradiation is coming in the winter months, i.e., December and January. Other input data from
PVGIS is shown in Table 1.

Monthly in-plane irradiation for fixed angle

Jan Jul Aug Sep Oct Nov Dec

Feb Mar Apr May Jun
Month

agnirad 'onMed angle - City of Osijek [13]
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(44}
o

Figure 4. Monthly in-ple

Inputgdata trom PVGIS [13]

Location, [Lat/Lon]
Database used
PV technology
PV installed, [kW]

45.555,18.695
PVGIS-SARAH3
Crystalline silicon
1

14

37

-1

1210.25

1612.19

51.76

-2.78

1.25
Temperature and low irradiance, [%] -11.32

Total loss, [%] -24.93

Investment cost is calculated based on the total capacity of the PV system that is possible
to install. The nominal investment cost components and their share in total nominal investment
cost are presented in Table 2 and Figure 4.

Table 2. Breakdown of Nominal investment cost for PV system [14]

Grid connection 0.040 MEMW

Journal of Sustainable Development Indicators 10
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Inverter 0.170 MEMW
PV modules 0.440 ME€/MW
Installation 0.130 MEMW
Other cost (residual balance of plant) 0.090 ME/MW
Total 0.870 M€/MW

Nominal investment cost for PV system - share brakedown

Other cost (residual balance of
plant. etc.); 10%

. |
Inverter: 20%
Installation; 15% A )

PV modules: 51%

Grid connection: 5%

Figure 5. Nominal investment co ste\ Overview [14]
Other input data for the method, inclu ata, data on electricity prices, are
presented in Table 3.

Name Unit Reference
Discount rate (Cost of Capital) 2,71 % [15]
Project lifetime 25 Year [14]
149 €/MWh [16]
119.2 €/MWh [16]
10600 €/MW/a [14]
3.89 % [17], [18]
15 Year -
18 % [19]
20 year [20]
10 year [20]
15 year [21]
20 % -
EU co-financing 40 % [22]
Loan co-financing 40 % -

RESULTS AND DISCUSSION

In this section the results and discussion are presented in two parts: Spatial and Energy
analysis results and Economic results. Spatial analysis

The spatial analysis results identify and evaluate the physical and geographical suitability
of building rooftops for solar energy systems. The energy analysis results show the potential

Journal of Sustainable Development Indicators 11
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electricity production of solar energy systems under local climatic and irradiation conditions.
Finally, the economic analysis results present the cash flow of the project, tracking financial
inflows and outflows over the project lifetime. Key performance indicators derived from this
analysis include the LCOE, NPV, and IRR. LCOE provides a measure of the average cost per
unit of electricity generated over the lifetime of the system, enabling comparison with market
electricity prices.

Spatial and Energy analysis results

As mentioned in the Method section, public buildings with existing PV systems are mapped
first, and they are presented in Figure 6. Also, the average annual production of the current PV

In the second step, based on the correlation presented as Equation 1
PV systems for other identified public buildings is calculated and i
Figure 7b) presents production from new PV systems. The capacity
kW, which will allow production of electricity in the range fro

The largest PV system will be installed at the universs
Agrobiotechnical Sciences, with a total capacity of 9 : oduction of 1,126.00
MWh/a. The smallest PV systems have a total capacity o
and it is located at “Donji Grad” railway station.

In Table 4, total capacity is shown with expe
installed on public buildings.

d predtiction on public buildings

Total electricity production, MWh

PV systems — existing 5,350.98
PV systems — new 14,379.64
TOTAL 19,730.62

Journal of Sustainable Development Indicators 12
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Figare 6. City of Osijek — Public buildings with existing PV systems
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ure 7. City of Osijek — Public buildings with new PV systems

Figure 8a) presents the monthly distribution of electricity production from newly installed
fixed-angle PV systems on public buildings. The data demonstrate a clear seasonal variation in
energy output, with production peaking during the summer months and decreasing during
winter. The highest energy yields are observed in July and August, exceeding 1,700 kWh,
which aligns with the period of maximum solar irradiance. Conversely, the lowest monthly
production occurs in December and January, with values below 800 kWh.

Figure 5b) illustrates the hourly electricity production profile of the same PV systems over
one year. The data exhibit a high temporal resolution, capturing the intermittent nature of solar
generation.
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Monthly energy output from fix-angle PV system

2,000k

1,500k
1,000k a)
4
500 I I I I K
0k
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Month

PV energy output [kiWh]

=

Public buildings new PV systems production

Production, MWh

; b)

Figure 8. Monthly and hourly e outphg frodthe new PV system on public buildings

These figures provide an ov, the ®mporal dynamics of electricity generation from
newly installed PV systems, ts line the strong seasonal and diurnal variability
of solar power, which is ighing appropriate energy storage, grid integration, or
demand-side manage ublic sector solarization projects.

Economic analysi

In economic ee parameters are most important: LCOE, IRR, and NPV. The

results of t for the project of solarization of the public buildings in the city of
Osijek a sented IPgble 5. It is shown that the production cost for producing energy from
PV sygtemt ublic buildings is 49.74 €/ MWh. Comparing this with the market electricity

cost$ i Wh, it is obvious that it is more feasible to produce and consume energy
m te

Table 5. Results of Key Economic Parameters

LCOE 49.74 € MWh
IRR 4.10%
NPV 1,470,244.77 €

Other key parameters that were analysed in the economic analysis, i.e., IRR and NPV, show
that the project of implementing PV systems is feasible. IRR is 4.10% which is higher than the
discount rate (2.71%), while the NPV is 1,470,244.77 €, both favouring the positive outcome
of the project. In Figure 9, the cumulative cash flow of the project is shown, highlighting the
payback period of 21 years. In the figure, it is possible to see that there is a break in the curve.

Journal of Sustainable Development Indicators 15
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This is due to the inverter lifetime and the assumption that in the 15" year, the inverter change
is needed, causing increased expenditure [21], [23].

Cumulative Cash flow

4,000.000.00 €

2.000.000.00 €

-2.000.000.00 €

-4,000,000.00 €

-6.000.000.00 €

-8.000.000.00 €

-10.000,000.00 €

-12.000.000.00 € ~
Year, [-]

Also, the longer project payback perio
systems is 10-15 years [24], [25]) is the
that PV systems deliver to the grid, due
by the electricity system operator [16 reSents the effect of changing the guaranteed
purchase price for excess electricigy fgom a RV s¥stem and shows that for a small increase in
the purchase price, a shorter ac i an be achieved, while if the purchase price is
reduced, the project becom ring the project lifetime.

Sensitvitly analysis - Cumulative Cash flow

10.000,000.00 €

5.000,000.00 €

Purchase price of electricity from PV - 50%
—e—Purchase price of electricity from PV - 30%
—8—Purchase price of electricity from PV - current market

conditions

-5.000.000.00 € === Purchase price of electricity from PV + 30%

<4
\ -10.000.000.00 €

-15.000.000.00 €

&= Purchase price of electricity from PV + 50%

Year, [-]

Figure 10. Sensitivity analysis of the Purchase price of electricity on Cumulative Cash flow

The following section presents a more detailed economic calculation and the results
obtained.

Figure 11 presents the cash flow overview for the public buildings solarization project over
the entire project lifetime. The figure includes a breakdown of key financial components such
as total revenue, total expenses, loan structure, depreciation, taxes, and cash flows, both

Journal of Sustainable Development Indicators 16



financial and economic. It provides insight into the financial dynamics and long-term viability
of the investment.

/Ejeé-_“!:_!z_-: E HDHUUDEDH
TR R R

EEREU cofinar 2 Own funds S Total rey == Tot 1ses ST == lepreciation SEETax —— Gross income - Financial cash flow ——Gross i

1. Wgsh 18 — Overview by the years

¢ stacked bars for “EU co-financing,” “Own funds,” and
jng model significantly reduces the financial burden on the

Phase (years 1 to 25), the project generates consistent annual gross
perational expenses and taxes, resulting in positive financial and

Despite this mid-term investment, the project resumes positive net earnings in the
subsequent years, reaffirming its long-term financial sustainability. The figure also shows the
impact of depreciation and tax obligations, which are consistently accounted for throughout the
project lifecycle.

The cash flow analysis shown in Figure 9 demonstrates that the solarization of public
buildings, when supported by a combination of EU funding and concessional loans, yields
financially viable outcomes with manageable mid-life reinvestment requirements. The
observed trends support the use of blended finance mechanisms and underscore the importance
of accounting for component-specific lifetimes in long-term infrastructure projects.



Figure 12 presents the results of a sensitivity analysis conducted to evaluate the impact of
variations in key techno-economic parameters on the IRR for a PV system implemented in
public buildings. The analysis covers a +50% change in three parameters: investment price,
purchase price of electricity from PV, and PV system capacity. The discount rate, set at 3%, is
included in the figure solely as a reference line to indicate the threshold of project feasibility;
scenarios yielding IRR values above this rate are considered economically viable.

Sensitivity analysis - Overview

16.0%

14.0%

12.0%

10.0%

Feasible PV installation

-5p% ” -3®% 0 30% 5p%

Non-Feasible PV installation

CHANGE, [%]

e=@==]nvestment price ==@=="Purchase price of electricity from PV «=@==PV capacity «=@==Discount rate

analysis — Overview of key parameters

Figure 12. iti

The investment price €
investment cost reduces_t
exceeding 14%, indj
economic perfo

The purchasd ectricity from PV demonstrates a strong positive correlation with
IRR. An inc e electricity selling price results in an IRR of nearly 10%, while
a 50% dectgase caly e IRR to drop below -4%. This indicates that the revenue from
is aWyritical driver of project profitability.

stem capacity have a moderate positive effect on IRR. A 50% increase in
raises the IRR to approximately 7%, while a 50% reduction leads to a decline
0%. This trend suggests that larger systems benefit from scale effects, although

ronggnverse relationship with IRR. A 50% increase in the
toYut above 0%, while a 50% decrease leads to an IRR

red®ctions in capital expenditure significantly improve the
ystem.

rizontal line at 3% represents the discount rate, serving as the minimum acceptable
rate of return for project feasibility. The green shaded region indicates parameter combinations
where the project is considered feasible (IRR > 2.71%), while the red shaded area denotes
non-feasible scenarios (IRR < 2.71%). Overall, the analysis highlights that investment cost
and electricity sales price are the most influential parameters, emphasizing the need for cost-
efficient technologies and favourable electricity purchase agreements to ensure economic
viability of PV installations in public infrastructure.



CONCLUSION

This paper presents a comprehensive and replicable methodological framework for the
spatial, energy, and economic analysis of the solarization of public buildings through the
integration of PV systems. The method was applied to the City of Osijek as a case study to
assess the feasibility and performance of large-scale PV integration in the public sector, using
a combination of spatial data processing, energy simulation, and economic modelling based on
cash flow analysis. The results highlight both the methodological robustness and the practical
applicability of the proposed approach.

The novelty of this research lies in the integrated nature of the assessment method. While
previous studies have investigated spatial, energy, or economic aspects of PV _systems
separately, this paper introduces a unified framework that links all three dimensigffS. Spatial
data extracted from open-source GIS platforms was used to determine avgila

assessed using location-specific simulations based on standard perfo
validated datasets. Finally, a detailed economic analysis, including tk
was conducted using dynamic cash flow modelling that accou

The case study of Osijek demonstrates the practical re¥g R method. Spatial
erms of solar energy

existing systems, the total installed capacity 1&g 30%MW, capable of producing
| feasibility and scalability of PV
deployment in the public sector context.

Energy analysis showed strong sea
months producing significantly more
simulation data allowed for detail
for future considerations such
profile also aligns well with

inter months. The use of high-resolution
ing of system performance, which is critical
s or load balancing strategies. The production
ing hours of public institutions, increasing the
e return on investment.

under current market onditions. The calculated LCOE is 49.74 €/ MWh, which is
substantially lo ent grid electricity price of 149 €/ MWh. The IRR was found
to be 4.10%,_ex@ My, assumed discount rate of 2.71%, while the net present value

amounted t@1.47 1 euros, indicating long-term profitability. The cumulative cash flow
analysis #gv8gled agayback period of 21 years, with a temporary decrease in net cash flow
durin due to the scheduled replacement of inverters. However, the financial
thereafter and continues to generate net positive returns, demonstrating the

fluenced by changing market conditions, i.e. by increasing the purchase price of
om PV systems, and it has been shown that with a small price increase, the project's
payback period can be reduced to 10 to 15 years.

The sensitivity analysis further reinforced the economic robustness of the investment.
Among the parameters tested, investment cost and electricity selling price had the most
pronounced effects on the internal rate of return. A 50% reduction in investment cost increases
the internal rate of return to above 14%, while a 50% decrease in the electricity price drops it
below 0%, indicating a critical dependency on both capital costs and market conditions. The
capacity of PV systems had a moderate impact, confirming that economies of scale can enhance
project performance but are secondary to investment and revenue factors. These findings
emphasize the importance of targeted public financing schemes and stable policy support,



especially in the form of feed-in tariffs or capital subsidies, for encouraging the widespread
adoption of solar energy in public infrastructure.

A key policy implication of the study is that the public sector can serve as a leading example
in energy transition by implementing large-scale photovoltaic projects on its building stock.
The results support recent directives and legislative developments at the European level, such
as the EED and the RED, which mandate greater integration of renewable energy in the public
building sector. The analytical framework developed in this study provides a decision-support
tool for municipalities and national policymakers seeking to evaluate and prioritize solar
investments across portfolios of public buildings.

The methodological transparency and modular structure of the framework allow for its
evaluating the impact of battery storage systems, or extending the mo

systems and energy communities. %
(IS

In conclusion, this paper contributes to the scientific and practi€al U ing of solar
energy deployment in the public sector by providing a structurgd, d n, and integrated

roQftophPV systems. The
ally and economically

methodology for assessing the technical and economic poten

findings confirm that solarization of public buildings is nQipegl?

viable but also strategically aligned with regional and i flonA energy policy objectives.
The study offers a concrete framework for cities and munici@lities t6 implement solar energy
systems systematically and cost-effectively, the clerdng the energy transition and
contributing to long-term sustainability goals.
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NOMENCLATURE
Symbols %

CAPEX Capital expenditures €

OPEX Operational expenditures €

d Discount rate %

n Period -

t Year -
V Net present value €

L Internal recovery rate %

ARoof Building roof area m’

Abbreviations

CAPEX Capital expenditures

CRF Capital recovery factor

EED Energy Efficiency Directive

GIS Geographical Information System

IRR Internal recovery rate

JRC Joint Research Centrum

LCOE Levelized Cost of Energy
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NPV Net Present Value

OPEX Operational expenditures

PV Photovoltaic

PVGIS PV Geographical Information System
RED Renewable Energy Directive
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