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Abstract: A solar collector market is most European countries is at the stage of continuous 
development, however its expansion rate differs. It shows that much more factors than only the 
local solar radiation is important, including a technology progress, costs, local manufactures’ 
engagement, an economic government support or an environmentally consciousness raising 
relevant to a mitigating climate change. We conducted the analysis for a public office building, 
with a few toilets and a social room, used by 54 people. As a primary heat source for HVAC and 
DHW systems an oil boiler was used, whereas solar collectors were considered as an energy source 
for hot water preparation. The analysis was conducted for three locations of the building: Bialystok 
(Poland), Cordoba (Spain) and Kaunas (Lithuania), using a simulation software delivered within 
the framework of VIPSKILLS project. Theoretical hot water consumption was considered as 3–7 
dm3/(day person) in compliance with national recommendations. It was found that beam solar 
radiation share in a total radiation balance was nearly twice higher in Cordoba than in Bialystok or 
Kaunas. The highest efficiency (44%) was estimated in Cordoba for solar collectors installed with 
the tilt angle between 45–50°. In case of Bialystok and Kaunas the efficiency was lower than in 
Cordoba and nearly equal 40–41% and the recommended tilt angle was in a range 30– 45°. 
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1. Introduction 

The use of renewable energy plays an important role in a sustainable economic growth, and 
helps the policy makers to meet the increasing energy demand, as well as reduce the growth of CO2 
emissions that are primarily generated through the consumption of fossil fuels. 

A solar collector market in most European countries is at the stage of continuous development, 
however its expansion rate differs. It shows that much more factors than only the local solar 
radiation is important, including a technology progress, costs, local manufactures’ engagement, an 
economic government support or an environmentally consciousness raising relevant to a mitigating 
climate change. The thermal energy consumption in development countries (including energy used 
for water heating) has been rising since 2000 [1]. According to the Directive on the promotion of the 
use of energy from renewable sources [2–3], the EU countries target is to produce at least 20% of all 
energy from renewable energy sources by 2020. Promoting the use of renewable energy sources is 
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one of the best solutions to meet the energy needs of protecting nature and its resources. The 
installation of solar thermal systems into the design of buildings can provide a sustainable and 
efficient energy solutions for hot water supply systems. Implementation of solar thermal systems 
provides numerous opportunities and benefits, including greenhouse gas emission reductions, 
energy security, improved energy access, grid stability and resilience, improved quality of life, and 
new economic development opportunities. It can also mitigate burdens on local governments and 
infrastructure by reducing pressure on the national power system and diminishing pollution 
produced by conventional energy sources [1,4].  

The aim of this paper is to compare purposefulness of solar collectors installation in small 
offices in different countries. 

2. Materials and Methods 

We conducted the analysis for a public office building (Figure 1), used by 54 people. There were 
a few toilets and a social room with total 12 water intake points. As a heat source for HVAC and 
DHW systems an oil boiler was used. needs of hot water, the building uses an oil boiler. We 
considered 3 locations of the building: Bialystok (Poland), Cordoba (Spain) and Kaunas (Lithuania). 

 
Figure 1. Analyzed building. 

According to Spanish recommendations in offices, 3 dm3/day person should be considered in 
calculations [5]. In Poland regulation from 2008 [6] shows 7 dm3/day per person, as the valued for 
the energy estimation while standard [7] recommends to set specific energy needs for hot water at 
0.4 kWh per person per day. In Lithuania, according to act [8] hot water consumption is taken as 5–7 
dm3/day person. We considered plate water collectors with a gross area 2.05 m2, and coefficient of 
efficiency 0.784.  

3. Results and Discussion 

Theoretical hot water and energy consumption in the analysed building for all locations was 
estimated in a range from 162 dm3/day in Spain to 378 dm3/day in Poland and Lithuania. Based on 
assumption of covering all DHW needs in months with maximum solar radiation 3 solar panels 
were selected in Bialystok, 2 collectors in Kaunas, whereas only 1 collector is needed in Cordoba. The 
difference between Poland and Lithuania follows on slightly higher solar radiation in Kaunas than 
in Bialystok. Figure 2 shows a contribution of the beam and diffuse radiation for analyzed locations 
of the building. In Cordoba the beam solar radiation share in the total radiation balance was nearly 
twice higher than in Bialystok or Kaunas. 

The highest efficiency (44%) was estimated in Cordoba for solar collectors installed with the tilt 
angle between 45–50°, as shown in Figure 3. In case of Bialystok and Kaunas the efficiency was lower 
than in Cordoba and nearly equal 40–41% and the recommended tilt angle was in a range 30–45°. 
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Figure 2. Contribution of beam and diffuse radiation in a total balance. 

 
(a) 

 
(b) 

 
(c) 

Figure 3. Efficiency of solar collectors in Bialystok (a), Cordoba (b) and Kaunas (c) in dependence on 
the tilt angle—drawn upon VIPSKILLS tools [9]. 

4. Conclusions 

The results of our research leads showed a significantly different share of the beam and 
diffusion radiation in Spain and East Europe. Efficiency of solar collectors system was 3–4% higher 
in Cordoba than Białystok and Kaunas. The optimal tilt angle in Cordoba was found between 45–
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50°, whereas in Bialystok and Kaunas the recommended tilt angle was in a range 30–45°. The lowest 
savings were estimated in Spain, as a result of much lower hot water demand, according to national 
recommendations and higher network water temperature. 

Author Contributions: D.A.K. conceived the analysis. R.B. and D.A.K. prepared introduction part. M.Ż. 
delivered e-lab tool for analysis. D.A.K., M.Ż. and A.R. participated in simulations and calculation, as well as 
data analysis and making conclusions. D.A.K wrote the paper.  

Acknowledgments: The study was carried out under the scientific project realized by Bialystok University of 
Technology and University of Córdoba “The possibility of the renewable energy sources usage in the context of 
improving energy efficiency and air quality in buildings and civil constructions”. It was implemented from the 
resources of the S/WBiIS/4/14 statutory work financed by the Ministry of Science and Higher Education of 
Poland References. Cost of development of e-lab used as a tool in this analysis as well as participation in a 
conference and publishing was covered by funds of VIPSKILLS project Strategic Partnerships Erasmus+. 

Conflicts of Interest: The authors declare no conflict of interest. The founding sponsors had no role in the 
design of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, and in 
the decision to publish the results. 

References 

1. Paramati, S.R.; Apergis, N.; Ummalla, M. Dynamics of renewable energy consumption and economic 
activities across the agriculture, industry, and service sectors: evidence in the perspective of sustainable 
development. Environ. Sci. Pollut. Res. 2018, 25, 1375–1387 

2. European Solar Thermal Industry Federation (ESTIF) Solar Thermal Markets in Europe. Trends and 
Market Statistics 2015. 2016. Available online: http://www.estif.org/publications/statistics/ 
st_markets_in_europe_2015/ (accessed on 28 May 2018). 

3. Directive 2009/28/EC of the European Parliament and of the Council of 23 April 2009 on the Promotion of 
the Use of Energy from Renewable Sources and Amending and Subsequently Repealing Directives 
2001/77/EC and 2003/30/EC. Available online: https://eur-lex.europa.eu/legal-content/EN (accessed on 28 
May 2018). 

4. UNEP Integrating Solar Thermal in Buildings (2014). UNEP Solar Water Heating—A Strategic Planning 
Guide for Cities in Developing Countries. Available online: http://www.estif.org/fileadmin/estif/ 
content/publications/downloads/UNEP_2015/unep_report_final_v04_lowres.pdf (accessed on 28 May 
2018). 

5. Pliego de Condiciones Técnicas de Instalaciones de Baja Temperatura; Instituto para la Diversificación y 
Ahorro de la Energía (IDEA) y Centro de Estudios de la Energía Solar (CENSOLAR). Available online: 
http://www.idae.es/uploads/documentos/documentos_5654_ST_Pliego_de_Condiciones_Tecnicas_Baja_ 
Temperatura_09_082ee24a.pdf (accessed on 28 May 2018). 

6. Regulation of the Minister of Infrastructure and Development on the Methodology for Determining the 
Energy Performance of a Building or Part of a Building and Energy Performance Certificates. Available 
online: http://prawo.sejm.gov.pl/isap.nsf/DocDetails.xsp?id=WDU20150000376 (accessed on 28 May 2018). 

7. PN-EN 12831-3:2017-08. Energy Performance of Buildings—Method for Calculation of the Design Heat 
Load—Part 3: Domestic hot Water Systems Heat Load and Characterization of Needs; PKN: Warsaw, Poland. 
Available online: https://shop.bsigroup.com/ProductDetail/?pid=000000000030311711 (accessed on 18 
October 2018). 

8. RSN 26-90. Vandens Vartojimo Norm. Available online: http://gamta.lt/files/Vandens%20vartojimo% 
20normos%20RSN%2026-90.pdf (accessed on 28 May 2018). 

9. VIPSKILLS Tool. Available online: http://vipskills.pb.edu.pl/e-lab-2 (accessed on 28 May 2018). 

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access 
article distributed under the terms and conditions of the Creative Commons Attribution 
(CC BY) license (http://creativecommons.org/licenses/by/4.0/). 


