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Abstract 

Energy Performance Contracts (EPC) are performance-based financing mechanisms adopted to 
increase energy efficiency and encourage renewable energy applications in the public sector. In this 
study, the economic efficiency of the solar power plant (SPP) established within the scope of EPC on 
the campus of Alanya Alaaddin Keykubat University was examined with a regression-based 
analysis. In the model, the effects of parameters such as solar radiation, investment cost and electricity 
sales price on unit production cost were evaluated; the multiple linear regression model created was 
tested by comparing with real production data. The model outputs provided the opportunity to 
evaluate the accuracy of system performance by revealing the difference between the predicted and 
realized production values. The study reveals the contribution of EPC applications to the economic 
feasibility of renewable energy investments in public institutions in Türkiye with concrete data; and 
provides an analytical basis for decision makers to direct energy policies. The novelty of this study 
lies in integrating a regression-based quantitative model with real operational data to evaluate the 
technical and economic feasibility of an EPC-based solar power plant in Türkiye’s public sector, while 
also introducing a unique comparative framework for planned, predicted, and actual energy 
production outcomes. 

Keywords: energy performance contracts; solar power plant; economic analysis; regression model; 
energy efficiency; investment feasibility 
 

1. Introduction 

Energy Performance Contracts (EPC) are among the performance-based financing models that 
encourage energy efficiency and renewable energy investments, and enable the implementation of 
cost-effective projects in the public sector. EPC applications in Turkey have gained momentum in 
recent years, especially for the reduction of energy consumption in public buildings, and the 
legislative infrastructure was shaped by the Energy Efficiency Law No. 5627 [1]. Within this 
framework, it is aimed for public institutions to realize energy efficiency investments with their own 
financing or through third-party investors. In line with Presidential Circulars No. 2019/18 and 
2023/15, it is aimed to achieve 15% and 30% energy savings in public buildings, respectively, and the 
“Savings Target and Implementation Guide in Public Buildings” has been published in this direction 
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[2]. Although the EPC model allows public organizations to undertake renewable energy projects 
without having to make a direct capital investment, its performance-based payment structure makes 
financing through power savings easier. 

There are two basic implementation formats in this model: 

• Guaranteed savings model 
• Shared savings model 

In the guaranteed model, the public institution undertakes the investment financing while the 
contractor guarantees a certain level of energy savings. In the shared model, the investment is 
financed by the contractor and repayment is provided based on the savings achieved. Both models 
are of strategic importance in terms of reducing operational costs in public buildings, reducing 
energy dependency and supporting environmental sustainability goals. 

Projects implemented within the scope of EPC in Türkiye generally focus on areas such as 
modernization of heating and cooling systems, installation of building automation systems, LED 
lighting conversions and implementation of solar power plants (SPP). In this context, public 
universities are considered among the important pilot areas for EPC applications due to their energy 
consumption profiles. Energy efficiency studies carried out within universities have the potential to 
not only provide cost savings but also increase the level of research, education and social awareness. 

This study fills a research gap in the empirical evaluation of EPCs applied in renewable energy 
projects in Turkey, especially in public institutions, in this case a university campus. Existing studies 
mostly focus on policy frameworks or theoretical analyses, with limited use of actual production and 
financial data to assess the performance of EPCs. There is also a lack of integrated models that link 
predictions with actual energy efficiency outcomes in this context. Present study presents the 
technical and economic performance analysis of the solar power plant established within the scope 
of EPC in Alanya Alaaddin Keykubat University campus. In the study, a multiple linear regression 
model was developed in order to determine the basic variables affecting the production cost, based 
on the energy studies and feasibility reports conducted before the plant investment. In the developed 
model, solar radiation, investment cost and electricity sales price were evaluated as independent 
variables; unit production cost was considered as the dependent variable. Model outputs were tested 
by comparing with real production data and the predictive power of the model was evaluated. This 
analysis provides the opportunity to test both the technical suitability and economic feasibility of an 
investment within the scope of EPC with numerical data. 

In addition, the study analyzed indicators such as theoretical production, inverter output, 
specific energy, performance ratio, CO2 emission reduction and standard coal savings based on the 
production data of the relevant campus power plant. Thus, it was possible to evaluate EPC 
applications not only in terms of economic but also environmental performance. In particular, the 
evaluations made on the monthly distribution of the performance ratio reveal how the system 
responds to seasonal variations; in this respect, the study offers important implications for similar 
public investments. In this context, the study has a decision-support nature for policy makers, 
university administrations and investment firms regarding the dissemination of EPC applications in 
public institutions in Türkiye; it contributes to the holistic analysis of renewable energy investments 
on university campuses in terms of technical, economic and environmental aspects. 

Thus, the novelty of this study lies in integrating quantitative regression-based analysis with 
real operational data to assess the economic feasibility of a solar power plant implemented in EPC in 
the public sector in Turkey. Unlike most existing studies, which often focus on policy or theoretical 
modeling, this study develops a multiple linear regression model using real data and validates it 
against 12 months of measured energy production. The approach used, validated in a Turkish 
university environment, allowed for the assessment of the technical and economic efficiency of EPC, 
but also the predictive reliability of the model. Also novel is the introduction of a comparative 
framework for planned, predicted and actual energy production results, which is a unique 
contribution to the literature on renewable energy financing and performance assessment. 
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The current study contributes to the science by introducing a data-driven methodology that 
combines technical, economic and environmental parameters to assess the performance of solar 
energy investments within an EPC. By presenting a repeatable model for estimating unit production 
costs and verifying system performance using real-world data, our study offers a practical decision 
support tool for policy makers and energy planners. Additionally, the study contributes to the 
research stream supporting the development of accurate and sustainable energy policies by 
quantifying both financial and environmental outcomes. 

As a practical implication of the study, the study points to the creation of a methodology 
allowing decision-makers and practitioners to consistently evaluate the technical and economic 
viability of EPC-built energy projects. By enabling precise forecasting, investment planning, and 
performance verification, this technology helps to lower financial risks and guarantee contract 
compliance. The study provides useful analysis to help shape more efficient, data-driven renewable 
energy policies and to enhance decision-making procedures in public energy management. 

2. Literature review 

Energy performance contracting (EPC) is widely implemented worldwide to increase energy 
efficiency and support sustainable development. However, EPC implementations face various 
obstacles such as financing difficulties, deficiencies in legal regulations, technical limitations and lack 
of awareness [3–6]. 

2.1. Main Challenges in EPC Applications 

2.1.1. EPC Financing Challenges and Investment Payback Times 

Since EPC projects require high initial costs, obtaining financing to cover these costs is one of the 
main challenges to be overcome [7–9]. The limited financing options in public institutions cause 
private sector investments to remain insufficient [10]. Furthermore, the high payback duration also 
makes such investments less desirable for investors [11]. Especially in industries that are highly 
energy-intensive (e.g., iron-steel, cement, glass, chemical and paper industries and public buildings 
with heavy energy consumption such as public hospitals, universities and big service buildings), lack 
of financing is a key concern [12]. In Smolina [13], it is noted that local authorities must necessarily 
be engaged in the process for energy saving measures to be successful. Additionally, due to the lack 
of finance, energy efficiency measures; are normally perceived by private consumers such as 
homeowners, small businesses and individual consumers as high up-front cost solutions with long 
payback periods and limited applicability [14]. In this context, public incentives can create a “doping” 
effect in the field of energy efficiency, both economically and ecologically [15]. Therefore, the 
financing models of EPC projects should be reconsidered within the framework of long-term 
economic sustainability. 

2.1.2. Deficiencies in the Legal and Regulatory Framework 

In many countries around the world, there are no adequate legal regulations supporting the 
implementation of EPC projects. The legislation determined for EPC projects in the public sector does 
not fully meet the requirements [16]. In the current legal framework, cooperation processes between 
energy service companies (ESCOs) and public institutions are not sufficiently clear [17]. In addition, 
due to deficiencies in legislation, the interest of the private sector in EPC projects remains low [18]. 

Although Energy Performance Contracting (EPC) projects aimed at improving energy efficiency 
in public buildings are being implemented, various difficulties are encountered in implementation 
due to deficiencies in the legal infrastructure. Ostrynskyi et al. [19] draw attention to the inadequacy 
of the legal framework in EPC projects in Ukraine and the financial liquidity problems of the 
contracts. Similarly, Athigakunagorn et al. [20] emphasize the limited contracting opportunities as 
well as the uncertainties regarding the relationship between emission reduction targets and EPC 
projects. 
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In addition, political interference and poor management practices in EPC projects may 
negatively affect project performance. Kiboi [21] states that performance contracts cannot be 
effectively implemented in public institutions due to management deficiencies. The success of Energy 
Performance Contracts (EPC) largely depends on the effectiveness of public-private partnerships. 
However, the inadequacy of the structures responsible for energy management in public institutions 
constitutes a significant obstacle to this process [22]. In many public institutions in Turkey, energy 
management units are generally positioned under the departments of construction works or technical 
works. This situation contradicts the nature of energy management, which requires an independent, 
holistic and specialized approach. However, energy management units should be defined as a 
separate department in the institutional structure and the personnel working in this department 
should have received special training as energy experts. In addition, the job description of these units 
should not be limited to monitoring the energy consumption of existing structures; it should also 
include evaluating and guiding in terms of energy efficiency in pre- and post-construction processes 
and ensuring that energy management systems such as ISO 50001 are implemented and monitored 
starting from public procurement processes. However, there are serious inconsistencies between the 
current legislation and practice in this context. 

2.1.3. Measurement and Verification Problems 

In order to achieve successful results in EPC projects, energy savings must be calculated 
accurately and performance monitoring processes must be implemented effectively. However, it is 
stated that data collection and measurement processes are costly and time-consuming [23]. In 
addition, the limited competence of the experts who make the evaluation makes it difficult to evaluate 
the actual performance of EPC projects. 

Accurate calculations are required for the effective implementation of studies such as insulation, 
window optimization and building envelope improvements, which are implemented to ensure 
energy efficiency in buildings [24]. In addition, it is recommended to use dynamic energy 
performance analyzes instead of static data in calculations [25]. 

As a result, financial incentives, legislative developments, technical expertise and awareness 
raising are required for the effective implementation of EPC projects. In particular, effective 
implementation of both local and international policies is of critical importance for the widespread 
use of EPC applications in the public sector. 

2.1.4. Bureaucratic Processes and Lack of Institutional Awareness 

In order to implement EPC projects, approvals must be obtained from many different public 
institutions, which slows down the processes [26,27]. The lack of sufficient knowledge of public 
institutions about EPC applications negatively affects the success of the projects [13,24]. In addition, 
bureaucratic obstacles in decision-making processes and lack of awareness about financing 
mechanisms make it difficult to implement projects [6]. 

Deficiencies and uncertainties in financial support mechanisms of energy efficiency projects 
reduce the feasibility of projects [28]. Lack of institutional awareness and inadequacies in strategic 
energy management also reduce the success rate of projects [29]. In addition, the lack of sufficiently 
developed understanding of energy management in public institutions makes it difficult to 
implement projects effectively [6]. 

2.1.5. EPC Financing Challenges and Investment Payback Times 

The effective implementation of EPC Energy Performance Contracting (EPC) projects requires 
technical know-how, expert human resources and a strong technological infrastructure. However, 
the inadequacies in these areas in the public sector make the sustainability of these projects 
significantly difficult [30,31]. In particular, the lack of technical methods used in energy efficiency 
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applications and the inadequacy of the infrastructure prevent EPC projects from producing the 
expected level of efficiency [32]. 

In order to optimize energy efficiency in buildings, physical and thermal performance 
parameters such as thermal conductivity coefficient (U-value), thermal bridge formation, air 
tightness and solar gain of building components such as external walls, roof, windows and doors 
must be determined and improved accurately. However, in practice, inaccurate or subpar 
calculations of fundamental factors like wall-to-window ratio, window glass characteristics, and 
insulation thickness result in additional energy losses and inability to meet the desired level of energy 
performance. The other major obstacle to the adoption of EPC projects is the technical shortcomings 
in demand-side reactive power correction [33]. A major aspect that lowers the efficiency of energy 
performance projects is the fact that the impact of interventions taken in an effort to increase the 
energy efficiency of public buildings tends not to achieve the projected saving rates [34]. 

Another important factor affecting the success of EPC projects is the difficulties encountered in 
the selection of energy service companies (ESCOs). The difficulty of selecting the optimal ESCO is 
directly related to the lack of effective evaluation and monitoring mechanisms [35]. New and 
sustainable selection mechanisms are needed to integrate ESCOs into projects in a way that can 
balance both profitability and energy efficiency. The lack of these mechanisms risks the long-term 
sustainability of projects [36]. 

Finally, failure to adequately manage financial and technical risks in EPC projects carried out in 
public buildings leads to these projects not achieving their long-term efficiency and savings goals 
[37,38]. In this context, it is of great importance not only to increase the technical expertise capacity 
but also to develop risk management mechanisms. 

2.2. Solution Suggestions 

2.2.1. Diversification of Financing Options 

Raising the level of financial incentives for Energy Performance Contracting (EPC) projects is 
imperative towards promoting their utilization in the public sector [39]. Financing by states, 
investment tax benefits, and long-term loan facilities will all assist in making EPC projects lucrative. 
Long-term energy efficiency programs will also be able to continue if funding sources for renewable 
energy projects are expanded [40]. 

One of the current financial barriers is the high initial costs of renovation projects aimed at 
achieving energy efficiency in public buildings. Especially radical renovations can cause operational 
disruptions and legal restrictions [41,42]. In order to prevent this problem, financial collaborations 
between the public and private sectors should be encouraged and efficient financing mechanisms 
implemented in European Union countries should be included in the adaptation process [43]. 

2.2.2. Strengthening the Legal Framework 

In order for EPC applications to be successfully implemented, the legislative infrastructure 
needs to be strengthened. Updating the legal framework and introducing more flexible regulations 
will increase the applicability of projects and increase public-private partnerships [44]. Public 
institutions have deficiencies in strategic energy management and an adequate culture cannot be 
created for optimizing energy resources [29]. In order to increase the effectiveness of EPC 
applications, the technical knowledge level of public institutions on energy management should be 
increased and the number of experts working in this field should be increased [45]. 

2.2.3. Improving Measurement and Verification Processes 

To increase the reliability of energy saving measurements, advanced Measurement and 
Verification (M&V) systems should be developed and independent audits should be implemented 
[46]. In order to increase the effectiveness of EPC projects, verification methods in line with 
international standards should be adopted and realistic assessment of energy performance targets 
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should be ensured [47]. In particular, the lack of calibration of reference buildings makes it difficult 
to determine cost-optimum criteria and increases uncertainties [48]. 

2.2.4. Increasing Public Awareness and Technical Capacity 

Training programs should be organized for public institutions on EPC and technical capacity 
should be increased [49,50]. In order to ensure energy efficiency in public buildings, structural 
problems such as high specific energy consumption and insufficient heat accumulation resistance 
should be focused on [30]. 

Programs to train experts in energy efficiency and EPC should be implemented in cooperation 
with universities and the private sector [45]. In particular, problems such as financial inequalities and 
high variable cost coefficients experienced in the renovation of public buildings limit the applicability 
of EPCs [51]. 

As a result, in order to effectively implement EPC projects, financing options need to be 
expanded, legislative regulations need to be strengthened, measurement and verification processes 
need to be improved, and public awareness needs to be increased. When these approaches are 
considered together, the continuity and expansion of energy efficiency projects can be ensured. 

3. Materials and Methods 

This study proposes a quantitative method based on regression analysis to assess the economic 
feasibility of a 1710.72 kWp solar power plant (SPP) investment implemented within the scope of 
Energy Performance Contracting (EPC) in a university campus. The methodological approach 
consists of three stages: applied data collection, model development and production estimation. 

3.1. Conducting Energy Audits and Collecting Data 

In the Energy Survey conducted at Alanya Alaaddin Keykubat University campus (Figure 1), 
the annual total electricity consumption was determined as approximately 2,144,590.43 kWh, and the 
annual average production capacity of the planned solar power plant was predicted to be 2,464,069.60 
kWh. The system to be installed was designed to have a fixed 0° slope and a 187° south orientation; 
the performance ratio was calculated as 83% and the specific production capacity as 1,434.9 
kWh/kWp-year (Table 1). These data were obtained from pre-feasibility studies and technical study 
reports. 

 

Figure 1. Project Survey Pre-Feasibility Study_ Field Visual. 
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Table 1. Technical System Specifications Table. 

Parameter Value 
Installed Power 1710.72 kWp 

Panel Area 3600 m2 
Panel Efficiency 18% (0.18) 

Performance Ratio 83% 
Specific Production 1434.9 kWh/kWp-year 

3.2. Regression Model Development 

A multiple linear regression model was developed to analyze the determinants of the unit 
production cost (TL/kWh) of the solar power plant investment. The variables used in the model are 
listed below: 

Dependent Variable: 

• Unit production cost (TL/kWh) 
• Independent Variables: 
• Annual solar radiation (kWh/m2-year) 
• Solar power plant investment cost (TL/kWp) 
• Electricity sales price (kr/kWh) 

The general form of the model is expressed by the following equation: 
Y = β0 + β1X1 + β2X2 + β3X3 + ε (1) 

Where: 
• Y - Unit production cost (TL/kWh) 
• X1 - Annual solar radiation (kWh/m2-year) 
• X2 - Solar power plant investment cost (TL/kWp) 
• X3 - Electricity sales price (kr/kWh) 
• β0 - Constant term 
• β1, β2, β3 - Coefficients of independent variables 
• ε - Error term 

The data used in the model is based on technical and financial feasibility reports created during 
the planning phase of the campus-scale solar power plant investment. Taking 2022 as reference, the 
total investment cost was determined as 1,197,504 USD (approximately 18,329,166 TL, 1 USD = 18.21 
TL). The electricity unit sales price was taken as 313.82 kr/kWh (Table 2). The estimation accuracy of 
the regression model was analyzed by comparing it with the 12-month production data of 
2,423,472.28 kWh realized on the campus. 

Table 2. Technical System Specifications. 

Variable Average Minimum Maximum Std. Deviation 
Solar Radiation (X1) 371.19 206.42 451.76 77.92 
Investment Cost (X2) 10,714 10,000 11,200 426.75 
Electricity Sales Price 

(X3) 
313.82 310.00 320.00 3.27 

Unit Production Cost 
(Y) 

0.654 0.605 0.710 0.033 

Regression Model Validity Outputs: 

• R2 (Coefficient of Determination): 0.873 
• F-Test Significance Level: p < 0.01 
• t-tests (independent variables): p < 0.05 (significant for all variables) 
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According to the model output, the annual estimated production value is calculated as 2,778,882 
kWh. The difference between this value and the actual production value is ±355,409.72 kWh. The 
margin of error (MAPE) is calculated according to the following formula: 
• Error Rate (%) = |Estimated - Actual| / Actual × 100 = |2,778,882 - 2,423,472.28| / 2,423,472.28 × 

100 ≈ 14.67% 
This ratio is within acceptable limits and shows the predictive ability of the model 

3.3. Electricity Production Estimation and Calculation Formula 

Monthly production estimates of the solar power plant are calculated using the following 
formula based on solar radiation values: 

Ei = Ri × A × η (2) 
Where: 

• Ei - Energy expected to be produced in month i (kWh) 
• Ri - solar radiation measured in the ith month (kWh/m2) 
• A - Panel surface area (m2) → 3600 m2 
• Η - Panel efficiency → 0.18 (i.e., 18%) 

The estimated monthly production values calculated with this method are given in Table 3. 

Table 3. Production Forecast Table for the First Year. 

Month Radiation (kWh/m2) Production (kWh) 
April 2024 434.02 281,244.12 
May 2024 451.76 292,741.84 
Jun 2024 432.49 280,255.85 
Jul 2024 441.30 285,965.51 

Aug 2024 419.76 272,725.38 
Sep 2024 375.29 243,133.55 
Oct 2024 336.93 218,376.76 
Nov 2024 250.46 162,302.06 
Dec 2024 206.42 133,740.34 
Jan 2025 249.22 161,487.43 
Feb 2025 297.11 192,623.14 
Mar 2025 393.63 254,984.71 
TOTAL – 2,778,882 

The Figure 2 shows the estimated monthly electricity production (kWh) and the corresponding 
solar radiation (kWh/m2) values, according to the forecasts made before the start of the project. 
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Figure 2. Estimated Monthly Electricity Production and Solar Radiation Values (March 6, 2024 – March 6, 
2025). 

Figure 2 shows the relationship between the estimated monthly electricity production of the 
solar power plant of Alanya Alaaddin Keykubat University campus in Antalya province between 
March 6, 2024 and March 6, 2025, and the solar radiation (radiance) values affecting this production. 
The graph visually presents two basic data: 

The blue bars represent the amount of electricity (in kWh) the system is projected to produce in 
that month. 

The orange line shows the solar radiation values (kWh/m2) provided by Antalya Meteorology 
Directorate for the same month and optimized with design software. 

The radiation data used in this study were obtained from the multi-year insolation statistics 
provided by the Turkish Republic Meteorological Service (MGM) for Antalya province and were 
simulated according to the system installation characteristics (slope, orientation, panel type). As a 
result of this optimization for each month, forecast data as close as possible to the real conditions 
were obtained. 

When the graph is examined, it is seen that both solar radiation and electricity production reach 
their highest levels, especially between May and July. For example, in June, the system is expected to 
produce approximately 280,256 kWh in return for 432.49 kWh/m2 radiation. This parallel clearly 
shows the sensitivity of photovoltaic systems to solar radiation. 

On the other hand, a significant decrease in both radiation and production levels was observed 
between November 2024 and January 2025. This decrease is not due to system efficiency, but rather 
to seasonal variability and the decrease in daylight hours. Overall, the graph successfully models the 
seasonal behavior of the system and demonstrates that performance expectations within the scope of 
EPC should be based on climatic foundations. The use of insolation data from reliable sources in 
production estimation directly affects both the decision-making processes of investors and the 
contract planning of public administrations. 

4. Results 

In this study, the first year-end production data of the 1710.72 kWp solar power plant (SPP) 
established on the University campus were analyzed. The production was evaluated in line with the 
performance monitoring and forecasting models carried out within the scope of the Energy 
Performance Contract (EPC). The findings include both actual production data obtained from remote 
reading devices and estimated production values based on meteorological data. 

4.1. Electricity Production Estimation and Calculation Formula 

Through two separate energy analyzers belonging to the system, energy production was 
achieved between March 6, 2024 and March 6, 2025, at the following values (Table 4): 

Table 4. Production Forecast Table for the First Year. 

Order 
Device 
Brand 

Device 
Model 

Serial  
Number 

Initial 
Reading 
(kWh) 

Final 
Reading 
(kWh) 

Productio
n (kWh) 

Production 
(TL) 

1 
Schneid

er 
ION 7650 

MJ-
2209A033-

05 
325.70 1,200,232.00 

1,199,906.3
0 

5,051,605.5
2 

2 
Schneid

er 
ION 7650 

MJ-
2209A039-

05 
1,014.02 1,224,580.00 

1,223,565.9
8 

5,151,212.7
8 

total      2,423,472.2
8 

10,202,818.
30 
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4.2. Planned Production and Economic Gain 

According to the Energy Performance Contract, the contractor company planned to produce 
2,085,030.40 kWh annually. Accordingly, the expected income is 8,777,978.00 TL. However, the actual 
production and income exceeded the planned values. 

When Table 5 is evaluated, the actual production amount was approximately 16.2% above the 
contract targets. This shows that the performance of the system was higher than expected and the 
environmental conditions and optimization were successfully implemented. 

Table 5. Production Forecast Table for the First Year. 

Production Type Energy (kWh) Value (TL) 
Planned Production 2,085,030.40 8,777,978.00 
Actual Production 2,423,472.28 10,202,818.30 
Overproduction 338,441.88 1,424,840.30 

4.3. Monthly PV Performance Analysis Obtained from Inverter Remote Monitoring System 

An analysis of the monthly PV system performance is shown in Table 6, detailing energy 
production, CO2 mitigation, and coal savings. 

Table 6. Monthly PV Production Performance, CO2 Prevention and Coal Saving Values. 

Month 
Total Irradiance 

(kWh/m2) 
PV Gain 

(kWh) 

Specific 
Energy 

(kWh/kWp) 

Performance 
Ratio (%) 

CO2 
blocked 

(t) 

Standard 
Coal 

Savings (t) 
Mar-24 96.89 147,314.43 85.98 88.74 69.97 58.93 

April-24 37.91 217,464.55 127.10 100.00 103.30 86.99 
May-24 200.85 278,226.43 162.61 80.96 132.16 111.29 
Jun-24 209.26 281,661.90 164.62 78.67 133.79 112.67 
Jul-24 207.13 282,502.77 165.11 79.71 134.19 113.00 

Aug-24 183.49 257,621.55 150.37 81.99 122.37 103.05 
Sep-24 162.73 230,688.55 134.65 82.74 109.58 92.28 
Oct-24 137.37 201,896.87 117.84 85.78 95.90 80.76 
Nov-24 75.32 115,442.55 67.38 89.47 54.84 46.18 
Dec-24 51.56 81,494.06 47.57 92.26 38.71 32.60 
Jan-25 75.92 121,013.43 70.63 93.03 57.48 48.41 
Feb-25 99.72 160,743.68 93.82 94.08 76.35 64.30 

In this section, the production estimation model developed based on meteorological data and 
technical system parameters in the methodology part of the study and the actual production data 
obtained in the field were comparatively analyzed. 

• Estimated annual production amount: 2,778,882 kWh 
• Actual production amount: 2,423,472.28 kWh 
• Planned production (according to EPC contract): 2,085,030.40 kWh 

Estimation Error Margin: Error Rate (%) = |2,778,882 − 2,423,472.28| / 2,423,472.28 × 100 ≈ 14.67% 
Figure 3 aims to present the annual electricity production values obtained from the solar power 

plant in comparison with the planned values specified in the energy performance contract and the 
theoretical production calculated with the forecast model. The graph contains three main 
components: 

• Grey column (Planned Production): Represents the production amount committed by the 
contractor company within the scope of EPC, which is 2,085,030.40 kWh. This value is the 
minimum performance level that forms the basis of the contract. 
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• Blue column (Actual Production): Indicates the production amount of 2,423,472.28 kWh based 
on field measurements. This amount is approximately 16% above the planned production, 
indicating that the technical capacity and operating conditions of the system performed better 
than expected. 

• Orange column (Predicted Production): It reflects the theoretical production amount of 
2,778,882.00 kWh calculated with the multivariate regression model and system efficiency 
parameters using Antalya Meteorology data. This value shows the production limit of the 
system based on the maximum climatic potential. 

 

Figure 3. Comparison of Planned, Actual and Estimated Annual Electricity Production. 

When the three data points are evaluated together, it is seen that the actual production is both 
above the planned value and within the acceptable deviation limits compared to the estimated model. 
The difference can be attributed to the effects of environmental factors such as seasonal variations 
during the year, short-term production interruptions, dust and shading. 

This chart is a powerful tool that can provide decision makers with sound insights in 
performance verification, risk assessment and financial analysis processes in EPC projects.** 

This graph visually demonstrates the difference between the projected performance targets of 
the study and the actual outputs in the field. The realized production shown in the blue column was 
16% higher than the contractually planned production shown in gray. This shows that the 
commitments under the energy performance contract were technically successfully fulfilled. 

However, the estimated production value represented by the orange column is 14.7% higher 
than the field data. This deviation is due to the use of theoretical maximum irradiance data by the 
forecast model, seasonal climate variability, and within-system yield losses. 

This difference shows that the forecast model remains within acceptable error limits and that 
seasonal fluctuations have a direct effect on production. The graphical evaluation reveals that the 
methodological calculations are compatible with the system reality and points to the importance of 
constructing the performance guarantee processes within the scope of EPC on scientific foundations. 

General Assessment When the forecast study conducted within the scope of EPC was compared 
with the actual data obtained from the field, it was determined that the system was working above 
the predicted performance. The fact that the realized production was above the contract targets 
supports both the technical adequacy and the accuracy of the forecast system. At the same time, it is 
understood that the system is working with high efficiency in terms of environmental contributions 
(CO2 emission prevention and coal savings). 

5. Conclusions and Recommendations 
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Solar Power Plant This study comprehensively evaluated the first year production performance 
of the 1710.72 kWp capacity solar power plant (SPP) established in Alanya Alaaddin Keykubat 
University campus, a public university in Antalya, within the scope of the Energy Performance 
Contract (EPC). The applied multiple linear regression model was supported by the Antalya 
Meteorology data and estimated production calculations based on field parameters. At the same time, 
the technical, economic and environmental performance of the system was analyzed by evaluating 
the actual production data and environmental gains. 

The power plant has successfully performed technically and economically, exceeding the 
production amount committed within the scope of EPC by 16.2%. The production realized was 
measured as 2,423,472.28 kWh, which is above both the amount planned in the contract (2,085,030.40 
kWh) and the economic savings foreseen for the administration. According to Article 9.1 of EPC, the 
payment to be made to the contractor is determined only according to the guaranteed production 
amount. Therefore, this excess production has been evaluated as a value working in favor of the 
administration. 

However, the estimated production value was calculated as 2,778,882 kWh, and there was a 
deviation of approximately 14.67% between the actual production and the model. This deviation can 
be explained by seasonal fluctuations, environmental effects and efficiency losses in the system. 
However, this difference shows that the reliability level of the model is within acceptable limits. 

Although only the regression model and estimation method were used in this study, the 
integration of more advanced artificial intelligence-based algorithms (e.g., genetic algorithm, particle 
swarm optimization, artificial neural networks) is suggested for future applications. Such 
optimization algorithms will strengthen the accuracy of decision support systems by increasing the 
estimation precision and provide more stable predictions, especially in long-term energy planning 
and production guarantee calculations. 

Considering the environmental aspect of the study, it was seen that a total of 1,168.64 tons of 
CO2 emissions were prevented in the first year of the plant and approximately 950 tons of standard 
coal were saved. These data provide a concrete contribution to Türkiye’s goals of combating climate 
change and its vision of sustainable development until 2030. 

Turkey is a party to the United Nations Framework Convention on Climate Change, has ratified 
the Kyoto Protocol and put the Paris Agreement into effect. In this context, climate-friendly energy 
production and greenhouse gas reduction are among the basic political goals while continuing 
economic development. EPC applications provide a mechanism directly compatible with these goals; 
making renewable energy production in public buildings financial. 

In conclusion, this preliminary application shows that EPC can be adopted not only as a financial 
but also as a technical and environmental strategy. In future applications, integrated forecasting 
models supported by optimization algorithms based on multidimensional analysis of meteorological 
data are suggested and it is emphasized that national energy policies should be supported by more 
data-based tools. 

Our study is not free from research limitations. One of the key limitations of this study is the use 
of a multiple linear regression model for analyses, which may not fully capture the complex, 
nonlinear interactions between environmental and technical variables affecting solar energy 
production. Furthermore, our analysis is based on a single case, i.e., a solar power plant located on 
one university campus, which limits the generalizability of the findings to other geographical regions 
or institutional environments. A challenge for future research may therefore be to verify the applied 
approach in other public entities. Next, the study includes a limited number of variables, e.g., it 
assumes static electricity prices and investment costs, which certainly does not include future market 
dynamics or inflation trends. Future studies could therefore attempt to expand the number of 
variables subject to verification or alternatively include a sensitivity analysis of the model. Finally, it 
is suggested that the use of advanced methods based on artificial intelligence is crucial in the 
analyzed topic, which was not used in the current analyses, and therefore may indicate future 
research directions and research challenges. 
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