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Summary 

Buildings have an impact on long-term energy consumption and new buildings should 
therefore meet minimum energy performance requirements tailored to the local climate. 
Within the context of an Intelligent Energy – Europe, ten partners coming from four 
central and southern European countries have developed concrete pilot actions planned and 
implemented towards building integrated model of sustainable communities, based on an 
analysis of the local framework conditions and on data collected in energy audits. One of 
the most important barriers detected in promoting sustainable communities is the need of 
an adequate training of the engineers and technicians usually involved in the energy 
efficiency and renewable energy supply projects in buildings. This paper presents a case 
study of teaching an international, postgraduate engineering course addressed to engineers, 
architects and local authorities technicians who wish to become specialized in the field of 
renewable energy sources applications in buildings. The learning content management 
system of the University of Burgos for on-line teaching has been used for the delivery of 
the course. Besides electronic books and links to technical web sites, some multimedia 
presentation with interactive exercises and questionnaires, technical video and hypermedia 
tools were included to promote active learning. Engineers and technicians coming from 
Slovenia, Croatia, Bulgaria and Spain will be involved in the course. Increase of the 
overall energy conservation levels and of the share of the renewable energies in the overall 
local energy supply grid, especially in public buildings and/or industry and agriculture are 
the expected outcomes of the project. 

Keywords: energy efficiency in buildings, energy sustainable communities, engineering 
education, e-learning. 

1 Introduction 

Directive 2009/28/EC of the European Union (EU) on the promotion of renewable energies 
[1] states that the control of European energy consumption and the increased use of energy 
from renewable sources, together with energy savings and increased energy efficiency, 
constitute important parts of the package of measures needed to reduce greenhouse gas 
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emissions and comply with the international greenhouse gas emission reduction 
commitments beyond 2012. Those factors also have an important part to play in promoting 
the security of energy supply, promoting technological development and innovation and 
providing opportunities for employment and regional development, especially in rural and 
isolated areas. When favouring the development of the market for renewable energy 
sources, it is necessary to take into account the positive impact on regional and local 
development opportunities, export prospects, social cohesion and employment 
opportunities, in particular as concerns small and medium-sized enterprises (SMEs) and 
independent energy producers. The European Council of March 2007 endorsed 
a mandatory target of a 20 % share of energy from renewable sources in overall 
Community energy consumption by 2020 and a mandatory 10 % minimum target to be 
achieved by all Member States for the share of biofuels in transport petrol and diesel 
consumption by 2020, to be introduced in a cost-effective way. The improvement of 
energy efficiency is a key objective of the Community, and the aim is to achieve a 20 % 
improvement in energy efficiency by 2020. That aim, together with existing and future 
legislation, has a critical role to play in ensuring that the climate and energy objectives are 
being achieved at least cost, and can also provide new opportunities for the European 
Union’s economy.  

The buildings sector – i.e. residential and commercial buildings - is the largest user 
of energy and CO2 emitter in the EU and is responsible for about 40 % of the EU's total 
final energy consumption and CO2 emissions. The sector has significant untapped potential 
for cost-effective energy savings which, if realized, would mean that in 2020 the EU will 
consume 11% less final energy. This in turn translates to a number of benefits, such as 
reduced energy needs, reduced import dependency and impact on climate, reduced energy 
bills, an increase in jobs and the encouragement of local development. 

At national and regional level, rules and obligations for minimum requirements for 
the use of energy from renewable sources in new and renovated buildings have led to 
considerable increases in the use of energy from renewable sources. Those measures 
should be encouraged in a wider community context, while promoting the use of more 
energy-efficient applications of energy from renewable sources through building 
regulations and codes. It may be appropriate, in order to facilitate and accelerate the setting 
of minimum levels for the use of energy from renewable sources in buildings, to provide 
that such levels are achieved by incorporating a factor for energy from renewable sources 
in meeting minimum energy performance requirements under Directive 2002/91/EC [2, 3], 
relating to a cost-optimal reduction of carbon emissions per building. It is well recognised 
that information and training gaps, especially in the heating and cooling sector, should be 
removed in order to encourage the deployment of energy from renewable sources. 

2 The NIMSEC project 

Within this context, the EU launched in the Intelligent Energy – Europe programme [4] for 
the promotion of energy efficiency and renewable energy sources. It is the EU’s tool for 
funding action to improve the market conditions and opportunities to save energy and 
encourage the use of renewable energy sources.  

The ‘Novel and Integrated Model of Sustainable Energy Communities’, NIMSEC 
project [5], is a granted project of the Intelligent Energy – Europe Programme focused on 
improving and surpassing the local level energy efficiency, and increasing the overall share 
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of renewable energy production, especially in public buildings and/or industry and 
agriculture. Based on an analysis of the local framework conditions and on data collected 
in energy audits, concrete pilot actions are planned and implemented towards building 
integrated model of sustainable communities. Training courses on energy efficiency and 
renewable sources of energy will aim at university students on one hand and at technicians 
(energy auditors) and installers or distributors for renewable energy sources on the other 
hand. This international project, with ten partners from four central and southern European 
countries, includes local or regional Energy Agencies, Universities, installers and 
manufacturers of renewable energies appliances, and Municipalities and related 
institutions. Table 1 presents a full description of the partners. 

Tab. 1 Partners of the NIMSEC project 

Energy Agencies 
(Coordinator) Local Energy Agency of Pomurje 
LEA Pomurje  
(Slovenia) 
Regional Energy Agency of Pazardjik 
REAP 
(Bulgaria) 
Provincial Energy Agency of Cádiz 
APEC 
(Spain) 
REDEA Cakovec 
REDEA 
(Croatia) 

University 
University of Burgos 
UBU 
(Spain) 

Municipalities & Institutions 
Municipality of Karlovo  
Karlovo  
 (Bulgaria) 
Smart House Martjanci 
Smart House 
(Slovenia) 
Slovenian Association of Towns & Municipalities 
SOS 
(Slovenia) 

RES Installers 
Soluciones Renovables S.L. 
Sol. Ren. 
(Spain) 
Koncar Household Appliances, Ltd 
Koncar 
(Croatia) 

 
It is expected that the project will directly stimulate the general increase in the rate of the 
energy production based on the renewable energy sources. This is understandable since the 
majority of the partners come from areas with a significant renewable energy potential. 
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Following its execution, the participants of the NIMSEC project will dispose of the precise 
information on their available renewable energy sources and the feasibility of their 
incorporation into the urban/rural energy supply network. During the previous study 
carried out to elaborate the project proposal, one of the most important barriers detected in 
using renewable energy sources is the need of an adequate training of the engineers and 
technicians usually involved in the heating, cooling and electricity supply projects in 
buildings. So, the principal involvement of the University is the creation of a renewable 
energy sources technician profile, acting as a support measure for the renewable energy 
sources expansion in energy supply outlook. The goal of the teaching action is the 
presentation and explanation of the general concepts on energy efficiency measures and 
renewable energy production necessary to stimulate the application of the proposed 
Sustainable Energy Communities model among target groups (public officials, association 
of constructors, architects, engineers, etc.) 

3 The Energy Audits and the Model of Sustainable Energy 
Communities  

NIMSEC project focuses on improving and overcoming locally identified problems in 
terms of energy efficiency and renewable sources of energy by covering various 
strategically important sectors of activity in four participant areas, in particular: Province 
of Cadiz (Spain), Municipality Karlovo (Bulgary), Medjimurje region (Croatia) and 
Pomurje region (Slovenia). Partners aimed at performing rather comprehensive initial 
energy audits in the participating areas with analysis of energy consumption and 
production in housing and public sector, industry, agriculture and transport sector. The 
energy audits objective was to provide information of energy production and consumption 
in different sectors of activity, laid on ensuring energy efficiency and overall energy 
sustainability for the territories involved, and to set a model to be easily followed by other 
local communities. Field work, existing studies and partners’ knowledge have been 
combined to produce an overall audit on energy production and consumption in different 
target sectors. 

Whereas in Cadiz individual energy audits for some municipalities have previously 
been prepared, the present focus was now given to the province as a whole. In contrary, on 
the basis of the existent energy balance of Pomurje region, partners from Slovenia have 
focused their analysis on 8 municipalities of the region, which note down the least 
encouraging performance regarding energy production and consumption. With similar 
situation in Bulgaria, a more detailed local energy audit was performed for Municipality 
Karlovo. As no energy plan existed in Medjimurje County, Croatia, partners have focused 
their audit for this region with its regional town centre Cakovec. 

The 44 municipalities in the province of Cadiz have very different energy 
characteristics as a result of the great variety in their location, population, type of industry 
and economic activities. For this reason, the provincial study developed by APEC has 
distinguished between sources, sectors and districts with common characteristics. 
Domestic use was the sector with the highest electricity demand with 22%, as most of the 
municipalities in the province contribute to the demand. This is followed by steelworks and 
foundries (industry) with 15%, mostly concentrated in the municipalities where these 
activities are being carried out. The third most important consumer is the distribution 
sector (logistic) with 11%. Services and trade, the chemical and petrochemical industries 
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and oil refineries each represent 10% of the energy consumed. While the service and trade 
sectors are spread throughout all of the province, the chemical and petrochemical 
industries are concentrated only in some towns. The province’s only oil refinery is in San 
Roque, where 45.1% of the energy consumed in the municipality is due to this activity. 
Electricity is the main energy source in the resiential sector, followed by natural gas, which 
is gradually entering buildings. Domestic use is the main energy consumer in the province, 
with 22% of the total, which is 1,335 GWh/year. The increase is mainly due to the increase 
in the number of household appliances and heating and air-conditioning systems in houses. 
Electricity is also the main energy source in the sector of services, because of the tourist 
industry. Unlike the latter, 90% of the demand is covered by electricity and, to a lesser 
extent, by natural gas and oil derivatives. Electricity demand in catering, services and trade 
represents 15% of total demand in the province of Cadiz with 882,507 MWh/year 
consumed. 

Municipality of Karlovo, in collaboration with REAP, has focused its energy audit 
study on different sectors of activity. In Municipality of Karlovo there are 24,715 
households. Energy is being consumed for heating purposes, private transport vehicles, 
food processing, sanitary-hygiene needs, etc. The main energy carriers are coal (346,010 
MWh/year ), electricity (59,316 MWh/year), and fire-wood (123,575 MWh/year). Private 
vehicles operate mainly on propane-butane, diesel, and petrol. 

The number of households in Medjimurje County is 35,459 while the same in 
Croatia is 1,477,377. The average usage of living space (29.3 m2/person) in Medjimurje is 
approximately 20% less than the Croatian average (23.7 m2/person). Energy consumption 
in private sector grows in line with the growth of the number of households and wider use 
of electrical equipment. Average consumption of electricity per person (2,768 kWh/year) is 
approximately 7% lower than Croatian average (2,976 kWh/year) due to climate and the 
mode of heating during the winter. Also the awareness of the necessity of energy efficient 
construction is rising and gradual modernisation of existing housing units is under way so 
it can be expected that growth of the energy consumption for heating will slow down 
despite the construction of new housing units. The majority of the energy consumption in 
public sector is for street lighting. The rest of the consumption is for heating and cooling of 
public buildings. Complex of public pools in Cakovec is one of the largest consumers of 
energy (from natural gas) in public sector. 

Municipalities of Pomurje region perform different energy situation in terms of 
energy consumption per inhabitant and production, especially production from renewable 
energy sources. Out of all the regional municipalities, 8 of them have been chosen for 
detailed analysis of their energy performance. In average, households are responsabile for 
the 83 % of total energy consumption (thermal and electrical uses), while public buildings 
are only 2 %, being the rest 15 % due to industry. The only exception is the Municipality 
of Murska Sobota, where the industry consumes 48 % of the total energy, being 
households and public buildings numbers 43 % and 9 % respectively. After summing up 
all the energy consumers in the 8 municipalities, the consumption of primary energy 
without transport is of 816 GWh/year. The average consumption of primary energy is thus 
12.9 kWh per inhabitant and per year. 

The developed local studies have highlighted presence of existing potentials for 
exploitation of renewable energy sources and energy efficiency, but also the presence of 
multiple barriers for development and increase of renewable energy share and energy 
efficiency, which could lead local communities eventually towards energy sustainable 
areas. Whereas in Cadiz sun, wind, biomass and hydro-energy are valuable resources 
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which abound owing to its geographic situation and climatic conditions, in Karlovo, there 
is great potential for forest biomass, hydro, solar, and wind energy, as well as energy from 
agricultural waste. Medjimurje County notes reasonably developed exploitation hydro-
power potential. The estimated biomass energy potential in the County of Medimurje 
shows that the biggest potential lies in agricultural biomass, while additional research of 
potential characteristics has to be done with the purpose of more realistic estimation of the 
geothermal potential of the County. The potential of the solar energy exploitation in 
Pomurje is pretty good. Also, the wood biomass is the most famous and the most 
exploitable source in the region. The most relevant source of biomass is also agricultural 
biomass, as the land is very well known for its fertile soil. Moreover, the majority of the 
whole Slovenian geothermal potential is located in the Pomurje region, where there are 
installed 31 producers, but there is potential for higher exploitation. Also, the local water 
potentials, such as rivers and streams, are actively exploited in Pomurje. Not quite precise 
data is available for assessing energy efficiency potential in the analyzed areas, but 
generalizing situation in all the four countries, there is a high potential for saving energy. 
Taking Spain as example, it can be pointed out that savings are needed in terms of air 
conditioning, whereas in Pomurje savings in terms of biomass boilers with higher 
exploitation level are recommended. The barriers analyzed in the four participating regions 
have been very similar in the analyzed sectors of activity, allowing the breakdown to the 
following types: 

▪ Social barriers: Lack of awareness of environmental and economical advantages of 
renewable energy exploitation and energy savings in everyday life; lack of 
promotional and informative activities; 

▪ Economic barriers: lack of financial support, leading to lower (questionable) 
profitability and long term return investments; lack of information of different 
financing support. 

▪ Market barriers: Lack of technical and project support for investments, undeveloped 
systems supporting investments. 

▪ Training barriers: lack of technical and specialized courses aimed at specific 
stakeholders. 

 
Municipalities of Pomurje are oriented to invigorate the local economy. One of the key 
factors of long-term orientation of development of municipalities in Pomurje certainly is 
their energy policy and planning. These two elements follow an important trend of energy 
policy and environmental aims, such as improving air quality, continuous development of 
municipalities and effective climate protection in terms of global responsibility.  

In the model of sustainable local energy of Pomurje (SEC Model, Sustainable Energy 
Community Model) several measures were introduced, namely, a smart energy-efficient 
house, education and training, green public procurement, subsidies in energy efficiency 
and renewable energy sources, energy-saving construction and renovation of buildings, 
replacement of obsolete combustion plants, industrial plants and secondary raw material of 
agriculture. 

The SEC model includes three sectors: local authorities including transport, industry 
and agriculture and the general public. In this model we specify the energy efficiency 
measures, showed in Figure 1, in the aforementioned sectors: 
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Fig. 1 Pictorial representation of the SEC model of Pomurje 

▪ Smart energy-efficient houses (Smart House) and energy-saving construction and 
renovation of buildings give an insight and promote more efficient use of energy.  

▪ By continuous awareness-raising in public, education, training, workshops and 
seminars, we can help people being more conscious and to start recognizing the 
valuable use of renewable energy source and efficient energy use, such as the 
replacement of obsolete heating systems.  

▪ On this basis are designed the subsidies, which are granted through public fund.  
▪ With measures on industrial plants and secondary raw material of agriculture we 

promote the production of rapeseed, flax, hemp and secondary raw materials such as 
straw, low quality wood and wood residues. 

4 The energy efficiency and renewable energy sources training 
program. 

As stated above, one of the most important barriers detected in using renewable energy 
sources is the need of an adequate training of the engineers and technicians usually 
involved in the heating, cooling and electricity supply projects in buildings. Therefore, the 
main task of the University is the creation of a renewable energy sources technician 
profile, acting as a support measure for the renewable energy sources expansion in energy 
supply outlook. The goal of the teaching action is the presentation and explanation of the 
general concepts on energy efficiency measures and renewable energy production 
necessary to stimulate the application of the proposed Sustainable Energy Communities 
model among target groups (public officials, association of constructors, architects, 
engineers, etc.).  

The University of Burgos has prepared the training material and has organised an on-
line course for European participants. The on-line course is addressed for those wishing to 
become fully trained technicians in the same. The expected outcomes are that the 
attendants, at the end of the course, would be able to: (i) understand the main role that the 
renewable energy sources play in the present energy context, and (ii)) design and project 
solar energy and other renewable energies systems for buildings.  
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The international on-line energy course has an expected student workload of 100 
hours. The program of contents includes energy efficiency in buildings, solar thermal 
systems for buildings appliances, photovoltaic, geothermal and biomass appliances in 
buildings. The course is fully delivered through the learning content management system 
of the University of Burgos for on-line teaching. The teaching methodology has followed 
an instructional approach, being the teaching materials electronic books, hypermedia 
tutorials, video presentations, engineering software, etc. The main page of the on-line 
learning content management system is shown in Figure 2. The 100 hours of expected 
workload involved in the full on-line course are of personal, active student learning, 
because of the distance teaching-learning process.  

 
Fig. 2 International energy engineering e-course. Screen shot of the learning content management 

system of the University of Burgos 

Recent studies in the field of engineering education [6] point out that one of the future 
trends in engineering education will be the greater utilization of information and 
communication technologies (ICT) in ways that improve teaching and learning. It is 
expected that such ICT will increase accessibility of students to engineering programs and 
allow students greater flexibility in terms of how, when and where they study. 

The authors have participated previously in an Intelligent Energy - Europe project 
which also involved training actions [7] and have reported initial experience in developing 
engineering e-courses [8]. Some lessons were learnt from this experience. First that, 
though the Internet offers many opportunities to maintain distance communication during 
the course, availability of time (part-time students) and self-confidence in English language 
skills are real barriers to keep fluid communication between students and teachers. Second 
that, it has to be considered the influence of the active participation of the students through 
network facilities, which is considered a key factor for e-learning and also for learner 
satisfaction. As a consequence, some multimedia presentation with interactive exercises 
and questionnaires, technical video and hypermedia tools have been included to promote 
active learning and participation. Updated and new learning activities are included in the 
multimedia tutorials (text, videos, questionnaires, wikis, etc.), making the most of the 
potential of the editor used (exe.exe, eLearning XHTML editor, Figure 3a), a desktop 
authoring environment to assist teachers and academics in the creation of web content. 
Even new video recordings on solar energy use for hot domestic water have been 
developed by the authors (Figure 3b), in a more didactic approach than those usually found 
in free websites. 
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Fig. 3 Multimedia tutorials on Renewable Energies in Buildings. (a) e-learning editor (b) 
Interactive video. 

It is expected that 25 to 40 engineers or architects coming from 5 countries of the European 
Union will be involved in the course along the period March to July 2010. It is very 
probably that, for many of them, this will be the first time they will follow a full internet 
engineering course; also, that they probably will have to use extra time after their current 
job to study the course. A survey on the effectiveness of the e-learning course will be 
performed. Some data about the student engagement with the e-course will be collected by 
means of a perception test. 

5 Conclusions  

The ‘Novel and Integrated Model of Sustainable Energy Communities’, NIMSEC project 
is an IEE granted project focused on improving and surpassing the local level energy 
efficiency, and increasing the overall share of renewable energy production, especially in 
public buildings and/or industry and agriculture. Based on an analysis of the local 
framework conditions and on data collected in energy audits, concrete pilot actions are 
planned and implemented towards building integrated model of sustainable communities. 
A direct short term impact of the project will be an almost immediate improvement in the 
levels of energy efficiency and savings, the subsequent enactment of the corresponding 
recommendations among the participants and specific and specialised engineering training 
of technicians in the field. 

A European postgraduate program on renewable energies in buildings, developed 
within the NIMSEC project, is oriented to improve engineer’s ability to design and 
construct renewable energy systems in buildings and communities, along the period 2009-
2010. The international course, with a high grade of technical contents focused on 
renewable energy engineering topics, is addressed to engineers and architects who wish to 
become specialized in the field of the Renewable Energy Sources applications. The 
learning content management system of the University of Burgos for on-line teaching will 
be used for the delivery of the course. A set of hypermedia tutorials, conceived as a helping 
learning task in each module of the course, have been developed by the teachers, and are 
included within the course contents. The learning objective of this set of learning materials 
is to broad the scope of each module and to present the information in an attractive and 
interactive way, in order to engage the student with the correspondent topic. 
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