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Sammanfattning  

 Den nuvarande energi omgivningen är karakteriserad av det absolut nödvändiga till att 
reducera kol utsläpp för att tackla klimatförändringarna och undvika dess blekaste 
konsekvenser. 

 Spaniens syn på energi är även markerat av dess otroligt höga energiberoende, vilket 
har bidragit till dess världsliga underskott i bytesbalansen. 

 Fjärrvärmesystem tillåter att täcka värme efterfrågan från bostäder, service och några 
komponenter inom den industriella sektorn använder överskottsvärme som annars hade gått 
förlorat, därmed reduceras den totala primära energi efterfrågan. 

 Trots deras fördelar mot uppfyllelsen av klimatförändrings målen och förbättringarna 
inom landets ekonomiska situation, vilket endast representerar ett obetydligt bidrag till 
spaniens värme efterfrågan. 

 Staden Gijón räknar på flera parametrar som tillåter utvecklingen av centralbaserad 
tillförsel, såsom flera källor av överskottsvärme och tät befolkning med liten urban utbredning. 

 Hursomhelst, flera omständigheter såsom den lilla värme efterfrågan hotar 
framgången av dessa system. 

 Första steget mot bestämningen av den ekonomiska genomförbarheten har varit att 
utvärdera värme efterfrågan av de olika delsektorerna som kompromissar byggnadsbeståndet. 
Särskild försiktighet har tagits mot att framta de mest realistiska figurerna för att tillägga 
bristen på officiell statistik med andra källor. Dessutom, de slutgiltiga resultaten har jämförts 
mot andra enskilda utvärderingar, vilket tillåter att utvärdera dess noggrannhet. 

 Genom att följa uträkningen av värme efterfrågan, har uppmärksamheten varit 
fokuserad på att estimera kostnaderna av de olika elementen som medfört konstruktion och 
drift av ett fjärrvärmesystem; konstruktionen och underhållet av fördelningsnärverket, 
värmetillförseln samt gränssnittet mellan fördelningsnätverket och kundernas system, 
transformationsstationerna. Utvärderingen av dessa kostnader har bedömts vara väldigt 
konservativa. 

 Estimeringen för den specifika kostnaden av värme för fjärrvärmesystemet och dess 
kontrast med nuvarande former av värmetillförsel har tillåtit slutsatsen att nya nätverk skulle 
vara ekonomiskt konkurrenskraftig trots dess konservativa uppskattning tagits i hänsyn. 
Tillsättande, systemet skulle praktiskt eliminera utsläppen av koldioxid och kväveoxider från 
byggnadsbeståndet. 

 Slutligen, trovärdigheten av systemen att förändras i särskilda nyckelparametrar har 
blivit utvärderade. Överlag, systemens ekonomiska prestanda är inte riskerat av olika 
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konfigurationer och endast två faktorer, kostnaden av kapital samt anslutningshastigheten kan 
riskera framgången av åtagandet. 

 

Nyckelord: Fjärrvärme; Spanien; Gijón; Genomförbarhetsstudie. 
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Abstract 

 The current energy context is characterized by the absolute necessity to reduce carbon 
emissions in order to tackle climate change and avoid its bleakest consequences. Furthermore, 
the overall energy supply system presents plentiful inefficiencies that lead to outrageous 
waste of energy.  

 Spain's energy outlook is also marked by its astonishingly high energy dependence, 
which has contributed to its secular deficit in the trade balance.  

 District heating systems permit to cover the heat demand from the residential, service 
and some components of the industrial sector utilizing excess heat that otherwise would be 
wasted, thus, reducing the total primary energy demand. In addition, they ease the 
development of renewables and enable a reduction of greenhouse emissions and other 
hazardous gases.  

 Despite their advantages towards the fulfilment of climate change goals and the 
improvement of the country's economic situation, they only represent an insignificant 
contribution to Spain's heat demand. The main target of this dissertation has been to 
determine the economic feasibility regarding the development of a district heating system in 
the Spanish city of Gijón.  

 The city of Gijón counts on several parameters that allow the development of a 
centralized supply, such as several sources of excess heat and a high population density with 
little urban sprawl. However, other circumstances such as the low specific heat demands 
endanger the success of these systems.  

 The first step towards the determination of the economic feasibility has been to assess 
the heat demands of the different subsectors that comprise the building stock. Particular care 
has been taken in order to attain the most realistic figures to supplement lack of official 
statistics with other sources. Furthermore, the final results have been compared to other 
independent evaluations, allowing to determine its accuracy.  

 Following the calculation of heat demands, the attention is focussed on the estimation 
of the costs of the different elements that entail the construction and operation of a district 
heating system; the construction and maintenance of the distribution network, the heat 
supply, and the interface between the distribution network and the customer's systems, the 
substations. The assessment of these expenses has endeavoured to be rather conservative.  

 The estimation of the specific cost of heat for the district heating system and its 
contrast with current forms of heat supply has allowed drawing the conclusion that the new 
network would be economically competitive despite the conservative assumptions taken. In 
addition, the system would practically eliminate the emissions of carbon dioxide and nitrogen 
oxides from the building stock. 
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 Finally, the viability of the system to changes in certain key parameters has been 
evaluated. Overall, the system's economic performance is not jeopardized by different 
configurations and solely two factors, the cost of capital and the connection rate could put at 
risk the success of the undertaking.          

 

Keywords: District Heating; Spain; Gijón; Feasibility study. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note: throughout this dissertation, English language conventions with regard to the decimal 
separator have been respected. Nevertheless, and due to the limitations of Microsoft Office, 
the decimal separator within the different graphics will be the comma.  
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1. Introduction 

1.1. Background 

 Energy has long been recognised as the essential pillar of our modern, developed and 
technological societies. In words of William Jevons (Jevons, 1865), wherein only coal should be 
substituted by the more general term of energy:  

"Coal in truth stands not beside but entirely above all other commodities. It is the material 
energy of the country-the universal aid-the factor in everything we do. With coal almost any 
feat is possible or easy; without it, we are thrown back into the laborious poverty of early 
times." 

 An abundant supply of energy in all its different forms has allowed mankind to 
prosper, whilst its scarcity or high prices have often lead to economic malaise (Aucott & Hall, 
2014; Hall, Lambert, & Balogh, 2014). Hence, a decline of energy availability would likely cause 
economic stagnation, and eventually, social unrest. Given that the major energy sources 
currently employed, petroleum, natural gas, coal and nuclear, accounted for 90.4% of 2015 
energy supply (British Petroleum, 2016) and production from these energy sources are 
expected to peak in the forthcoming decades and experience an ulterior decline (Campbell & 
Laherrère, 1998; Capellán-Pérez, Mediavilla, de Castro, Carpintero, & Miguel, 2014; Dittmar, 
2013; García-Olivares & Ballabrera-Poy, 2015; Heinberg & Fridley, 2010; Höök, Zittel, Schindler, 
& Aleklett, 2010), economic instability is bound to occur, should the current dependence 
remain unchanged.  

 Undoubtedly, energy is not the only feature that shapes the development of a country, 
and many other factors, such as the institutional framework as highlighted by (Acemoğlu & 
Robinson, 2013), may play a major role. Nevertheless, this should not undermine the 
paramount importance of energy for society.   

 On the other hand, the combustion of fossil fuels and the consequent emission of 
carbon dioxide and methane have triggered a global warming (IPCC, 2014). According to 
(Stern, 2007), this climate change could cost more than 5% of the annual world GDP and the 
damage could increase up to 20% in the worst scenarios. In order to prevent the bleakest 
consequences, humankind reached an historic agreement in 2015 in Paris (United Nations 
Framework Convention on Climate Change (UNFCCC), 2016). With regard to Spain, forecasts 
illustrate that climate change effects could be especially dire for the country, with a substantial 
part of the national territory facing higher risks of desertification (Ministerio de Agricultura 
Alimentación y Medio Ambiente, 2016) and other hazards.  

 Simultaneously, the energy sector presents conversion losses of the same order of 
magnitude as the heat demanded by the residential and service sector (Frederiksen & Werner, 
2013). This fact is clearly illustrated in Figure I, which shows the energy flows for the entire 
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world. A utilization of these losses would result in a decrease in the primary energy demand 
and therefore the environmental impact. 

 

 

Figure I. World energy outlook in 2013. Source: (International Energy Agency, 2017) 

 

1.1.1. Spain's energy context 

 Spain's energy outlook is characterised by its high energy dependence which, 
according to (European Commission, 2017a), amounted to 73.3% in 2015. Notwithstanding, 
this value is misleading since the Ministry of Energy, which reports this value to the European 
Commission, considers nuclear energy as indigenous production (Ministerio de Industria 
Energía y Turismo, 2016b) despite uranium extraction having ceased in 2000 and being all the 
raw material imported (OECD Nuclear Energy Agency & International Atomic Energy Agency, 
2014). The accurate national dependence is rather higher as it can clearly be observed in 
Figure II. Indigenous energy generation is limited to coal, hydroelectricity, wind, solar and 
biomass, and national gas and petroleum production is utterly negligible.   

 This high energy dependence results in a persistent deficit in the trade energy balance 
as it is portrayed in Figure III.  This shortfall has an enormous toll on the economic 
performance of the country,contributing to its secular deficit in the trade balance (The balance 
of goods has not had a surplus since 1960 (Carreras & Tafunell, 2005; Instituto Nacional de 
Estadística (INE), 2017; Secretaría de Estado de Comercio, 2017)). 
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Figure II. Sankey Diagram for Spain's energy flows in 2015. Source: (Bellver et al., 2016). Reproduced with 
permission.  

 

Figure III. Spain's energy balance.1 Source: (Instituto Nacional de Estadística (INE), 2017; Secretaría de Estado de 
Comercio, 2017; The World Bank, 2017a) 

1 Note: Constant prices in 2015 Euros adjusted for inflation by the GDP deflator. 
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 This situation is only to worsen given that national coal extraction is in terminal decline 
after having peaked in the decade of 1980 as it is depicted in Figure IV. The only domestic 
sources which present a brighter future are renewables, although they have confronted 
turbulent waters in these latter years. Hereafter, each renewable source will be briefly 
addressed.  

 

Figure IV. Spain's coal extraction. Sources: (Carreras & Tafunell, 2005) for years (1872-2001) and (Instituto 
Geológico y Minero (IGME), n.d.) for years (2001-2013) 

 Biomass has some potential growth from a current use of 269 PJ (Bellver et al., 2016) 
to 724 EJ (Cabrera et al., 2011) (Note that the figure provided by Bellver et al. includes all types 
of biomass whilst the study of IDAE only focuses on solid biomass, however, biogas and other 
biofuels only provide a small contribution, hence, this direct comparison is not deceiving). 
Nonetheless, this possible increment of biomass utilization could give rise to higher particle 
and other pollutants emissions if not properly handled (Chafe et al., 2015; Clean Heat, 2016; 
Sigsgaard et al., 2015). This would be likely to occur if biomass were deployed in the residential 
sector in a decentralised manner because individual boilers lack flue glass cleaning processes 
that are only cost-effective for large consumers. In addition, low-temperature combustion may 
take place, which can lead to the emission of polyaromatic hydrocarbons, a carcinogenic 
substance (Frederiksen & Werner, 2013).  

 Regarding biogas, from a production of 8.5 PJ in 2009, there could be an expansion to 
60 PJ (Instituto para la Diversificación y Ahorro de la Energía (IDAE), 2011b). However, unlike 
other countries such as Denmark which supplies the natural gas grid with upgraded biogas 
(Energistyrelsen, 2014), Spain's production has been allocated to electricity generation 
(Instituto para la Diversificación y Ahorro de la Energía (IDAE), 2011b), and renewable 
electricity generation has being challenged by several legislative changes in the latter years 
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(Lizarrondo Alcalá, 2016; Sevilla Jiménez, Golf Laville, & Driha, 2013). Hence, further growth in 
the forthcoming years seems far-fetched.  

 As far as biofuels are concerned, national crop production is unable to cope with the 
alimentation sector demand, and domestic production could solely come from used oils 
(Instituto para la Diversificación y Ahorro de la Energía (IDAE), 2011b). Thus, a resolute 
commitment towards biofuels would require imports of raw materials and would not aid in the 
diminution of energy dependence. On the other hand, consumption experienced a major drop 
after subsidies were withdrawn in 2012 (Spain, 2005) as it is depicted in Figure V. Finally, issues 
of sustainability and the net energy provided (Hall et al., 2014; Kiefer, 2013), raise doubts 
whether EU's pledge towards biofuels is sensible.  

 

Figure V. Biofuels consumption in Spain. Source: (European Commission, 2017a). 

 Hydroelectricity is a mature technology that has been exploited since the end of the 
19th Century (Carreras & Tafunell, 2005). It experienced a major growth since the beginning of 
the past century until the decade of the 1970s (Espejo Marín & García Marín, 2010). Ever since, 
expansion of this sector has been more moderate, and according to Figure VI, in the latter 
years it shows signs of having levelled out. This has occurred despite the existing margin for 
further expansion according to (Instituto para la Diversificación y Ahorro de la Energía (IDAE), 
2005, 2011b). Nonetheless, a noteworthy further development faces numerous barriers, 
including growing social opposition to large reservoirs, lengthy administrative procedures or 
environmental constraints (Instituto para la Diversificación y Ahorro de la Energía (IDAE), 
2005), that allow drawing the conclusion that only minor growth is likely to take place.  With 
regard to production, it shows a great deal of variability down the years following the same 
erratic trend as precipitations (Agencia Estatal de Meteorología (Aemet), n.d.-b) 
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Figure VI. Hydroelectricity outlook in Spain. Sources: (1) & (3) (Ministerio de Industria, n.d.); (2) & (4) (Red 
Eléctrica de España, 2017).2    

 Wind power experienced rapid growth as it can be seen in Figure VII. This has allowed 
covering around 20% of the electric demand since 2012 (Red Eléctrica de España, 2017) and 
enabling the country to have the 5th largest penetration in Europe in 2016 (WindEurope, 2017). 
Furthermore, there are still possibilities for further expansion, and the last Renewable Plan 
(Instituto para la Diversificación y Ahorro de la Energía (IDAE), 2011b) estimated that an 
installation of 35 GW would be feasible for 2020. One appreciation is obliged regarding this 
assessment; it utilized a bottom-up approach, which has been regarded as inadequate by (de 
Castro, Mediavilla, Miguel, & Frechoso, 2011) because it does not conserve the energy balance 
of Earth, i.e. it violates the First Principle of Thermodynamics. In any case, as can clearly be 
seen in Figure VII, installation of new capacity ceased in 2012. This abrupt stop was due to 
regulatory changes in the electric sector, as it was previously outlined. These changes have 
modified the feed-in-tariffs retroactively and have created a great deal of legal uncertainty 
that has deterred new investments (Lizarrondo Alcalá, 2016; Sevilla Jiménez et al., 2013).  

 

2 Notes: (1) represents the total installed hydraulic power in the country, but it may include non-
hydroelectric power in the late 1980s and early 1990s. (2) only includes the installed hydroelectric 
power in peninsular Spain taking into account pure pumped storage; the fact that (2) follows (1) is 
misleading since both lines represent different parameters. The same precaution as with (1) should be 
taken with (2) regarding non-hydroelectric production in the aforementioned periods. (4) solely depicts 
the hydroelectric production within peninsular Spain but, given the little development of 
hydroelectricity in the Balearic and Canary Islands, it is a good indicator of the overall outlook. 
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Figure VII. Wind power in Spain. Source: (Red Eléctrica de España, 2017). 

 Solar power, be it photovoltaic or concentrated, has experienced a similar pattern to 
that explained in the previous paragraph, although even more acute. After an excessively 
attractive feed-in-tariff was introduced in 2007 (Lizarrondo Alcalá, 2016), PV installations rose 
extremely rapidly and surpassed the government's forecast. These generous rates (440 
€/MWh during 25 years) and the government's lack of foresight has been deemed as some of 
the factors that have contributed to a consumer's debt towards producers of nearly 30 000 
million (Sevilla Jiménez et al., 2013). New regulations enacted in 2009 encouraged a slower 
growth but the new electric law passed in 2013 retroactively curtailed producers' 
remuneration  (Lizarrondo Alcalá, 2016) which has led investors to stop plans for further 
expansion. Concentrated solar power has suffered a similar fate, although less intense than PV.  

 With regard to electric solar, further expansion is highly viable from a technical 
viewpoint, but given the politico-economic constraints that have been outlined, it seems 
implausible in the short term. On the other hand, it must be noted that studies (Hall et al., 
2014; Prieto & Hall, 2013; Raugei et al., 2017) show that photovoltaics, similarly to other 
renewables although to a larger extent, presents a low EROI value (Energy return on 
Investment; ratio between the energy provided to society and the energy harnessed to build 
and operate a given energy system). This issue raises doubts about the benefits of photovoltaic 
energy.   

 Concentrated solar power shares with traditional power plants an interesting feature; 
due to the limits imposed by the Second Principle of Thermodynamics, they generate 
abundant amounts of excess heat, that is currently wasted. As far as the author of this thesis 
knows, no plans have been proposed to utilise this surplus energy for further uses by means of 
district heating and cooling networks. This possibility would be of interest in the southern 
parts of the country, wherein direct solar radiation is more intense.  
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Figure VIII. Solar Power in Spain. Source: (Red Eléctrica de España, 2017) 

  

 Solar thermal is currently underdeveloped compared to other southern European 
countries such as Greece or even central European countries such as Austria. The latest report 
from the IEA (Mauthner, Weiss, & Spörk-Dür, 2016) indicates that Spain had in 2014 51.1 kWth 
per 1000 inhabitants whereas Austria's figure reached 420.1 kWth per 1000 inhabitants. The 
fact that Spain has the largest European share of the population living in flats (European 
Commission, 2017a) does not provide sufficient evidence to explain this lag because Greece 
has a similar dwelling type structure but has attained a much larger development. The latest 
governmental planning for the development of renewable energies identified several barriers; 
among these, outstand, lack of knowledge and distrust from developers, professionals and 
users and complex and lengthy administrative procedures (Instituto para la Diversificación y 
Ahorro de la Energía (IDAE), 2011b). Fortunately, and unlike other renewable sources, solar 
thermal has undergone a steady growth as it is shown in Figure IX. One final observation would 
be relevant; since the country lacks a well-developed district heating sector, solar collectors 
are small and roof-mounted, and this type of systems presents much higher installations costs 
than ground systems (Dyrelund et al., 2010). In addition, anecdotal evidence suggests that a 
significant fraction of the systems would not be operative (Merino, 2016; Sancho, 2017). 
Therefore, a more cost-effective way of deploying solar thermal energy would be by means of 
district heating systems.  
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Figure IX. Solar thermal in Spain. Source: (Instituto para la Diversificación y Ahorro de la Energía (IDAE), 2017) 

 One common feature of most of the renewable energies that have been addressed is 
that they generate electricity. However, this energy carrier only accounts for around 20% of 
the final energy demand of Spain (Ministerio de Industria Energía y Turismo, 2016b). They do 
not generally contribute to cover the heat or the transport demands (exceptions to these are 
biomass and solar thermal). As it is shown in Figure II and Figure X, the energy demands from 
the service and residential sectors are significant, and a large part of them are in the form of 
heat and cooling. Interestingly, these demands are smaller than the losses from the electricity 
generation and petroleum refinery. The high proportion of energy losses is similar to the 
world's situation outlined in the previous section. This indicates that, in principle, a 
considerable opportunity exists to use this excess heat, currently wasted, to satisfy the 
demands of the aforementioned sectors. The utilization of this surplus heat would lead to a 
reduction in the primary energy demand with patent environmental and economic benefits for 
the country.  

 Lastly, Spain's final demands and its evolution over the last two decades will be 
addressed. They have been represented in Figure X. Two periods are clear, the first one 
ranging until 2005-2007, when a steady increase in demand took place, followed by a 
subsequent decline during the last recession. This may not come as a surprise given the high 
unemployment rates and the evolution of the GDP in these latter years (Instituto Nacional de 
Estadística (INE), 2017). If these values are compared with those depicted in Figure XI, two 
main factors arise, being the first one, the high demand from transport, which is similar to the 
European average, and the second one, which is the much lower energy consumption of the 
residential sector. This much lower demand from the residential sector may have a broad 
range of different explanations and will be of the utmost importance for the viability of district 
heating systems, as it will be later developed.  
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Figure X. Spain's final energy demand per capita. Sources: (European Commission, 2017a)  

 

Figure XI. European average of final energy demand per capita. Sources: (European Commission, 2017a).3   

3 Notes: only European countries with a GDP per capita in PPS (European Commission, 2017a) higher 
than 75 have been chosen. This threshold was decided in order to discard those less developed 
countries and obtain a fairer comparison. Countries: Belgium, Czech Republic, Denmark, Germany, 
Ireland, Spain, France, Italy, Cyprus, Luxembourg, Malta, Netherlands, Austria, Portugal, Slovenia, 
Slovakia, Finland, Sweden, United Kingdom, Iceland and Norway. Switzerland was discarded due to lack 
of data. 
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1.1.2. City of Gijón 

 The aim of this section is to outline the main characteristics of the location focus of this 
dissertation.   

 The target of this thesis will be the municipality of Gijón. This municipality comprises 
the most populous city of the region of Asturias and counted on 273 422 inhabitants in 2016 
(Instituto Nacional de Estadística (INE), 2017). It is located on the north-western coast of Spain 
(Figure XII & Figure XIII) 

 

Figure XII. Location of the Asturian Region. Source: (Wikipedia, 2017) 

 

Figure XIII. Location of the municipality of Gijón in Asturias. Source: (Wikipedia, 2017) 
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 The city, and the region as a whole, are characterised by a temperate oceanic climate 
(Cfb in the Köppen climate classification) according to (Agencia Estatal de Meteorología de 
España (Aemet) & Instituto de Meteorologia – Portugal, 2011). In Figure XIV, it is noticeable 
that the climate is extremely mild, with winter temperatures rarely falling below 5°C and 
summer temperatures seldom exceeding 25°C. This is translated into a rather low Heating 
Index of 684, compared to Madrid's of 85 or Sweden's of (110-150) (Frederiksen & Werner, 
2013; Werner, 2006). The heating index is a better proxy than the degree-days for estimating 
and comparing heating demands among different locations since colder climates also provide 
more incentives for insulating and reducing the specific heat demand (Frederiksen & Werner, 
2013; Werner, 2006). 

 

Figure XIV. Climatology of Gijón. Source: (Agencia Estatal de Meteorología (Aemet), n.d.-a) 

 One noteworthy feature of this city, especially when compared to its European or US 
counterparts (European Commission & United Nations Human Settlements Programme, 2016), 
is its high population density and lack of urban sprawl. The average density for the urban 
centre5 is 17,419 inhabitants/km2, whereas half the population lives in areas with a density 
higher than 32,639 inhabitants/km2 (Instituto Nacional de Estadística (INE), 2017). It should be 
noted though, that the actual average density is somewhat higher than the previous figure due 
to the fact that some census districts (source for calculations of densities) located on the 
outskirts include vast extensions of meadows and industrial zones.  This is clearly illustrated in 

4 Heating index was calculated following the procedure established by (Werner, 2006). Further 
information on the methodology is provided in the annex, section 4.1.  
5 Urban centre has been defined following the indications of (European Commission & United Nations 
Human Settlements Programme, 2016), which defines it as those areas with a population density over 
1,500 inhabitants and an overall population larger than 50,000 persons.  
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Figure XVI, where yellow districts are considerably larger (Each census district is established so 
it counts on approximately 1 000 persons). Figure XVII provide a qualitative view of the city. 

 

Figure XV. Gijón's population density. Source: (Instituto Nacional de Estadística (INE), 2017) 

 

Figure XVI. Map of Gijón with population density for each Census District. Sources: (Instituto Nacional de 
Estadística (INE), 2017) using (QGIS Development Team, 2017) 
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Figure XVII. Orthophotograph of the city. Source: (Instituto Geográfico Nacional, 2014)  

 Finally, the city counts on its surroundings with several sources of excess heat. These 
have been identified by the Heat Roadmap Europe project (D. Connolly et al., 2014; Högskolan 
i Halmstad, Aalborg Universitet, & Europa-Universität Flensburg, 2017)  and confirmed by first-
hand knowledge of this author. They have been summarized in Table I.  

Table I. Excess heat supply. Sources: (Högskolan i Halmstad et al., 2017; Ministerio de Agricultura y Pesca 
Alimentación y Medio Ambiente, 2017).6 

Source Type Company Excess Heat  

Central Térmica de Aboño (1) Thermal 
Power Plant 

Hidroeléctrica del 
Cantábrico S.A. 41.7 PJ (11 580 GWh) 

Cementos Tudela Veguín - 
Fábrica de cementos de Aboño (2) 

Manufacture 
of cement 

Cementos Tudela 
Veguín S.A. 2.5 PJ (692 GWh) 

ArcelorMittal España - Planta 
siderúrgica de Gijón (3) 

Manufacture 
of steel 

ArcelorMittal 
España S.A. 12.3 PJ (3 428 GWh) 

Total 56.5 PJ (15 700 GWh) 

 

6 Notes: (1) & (2) were obtained directly from the Pan-European Thermal Atlas. (3) required a further 
calculation that it is explained hereafter. According to (Ministerio de Agricultura y Pesca Alimentación y 
Medio Ambiente, 2017) ArcelorMittal reports its CO2 emissions (source for estimations of excess heat 
(Persson, Möller, & Werner, 2014)) for its plants of Avilés and Gijón together since 2005. In order to 
evaluate its excess heat, it was assumed that 2004 emissions ratio between the two plants remains 
unchanged in 2016. This ratio was applied to the excess heat provided by the thermal atlas in Avilés 
factory in order to obtain Gijón's plant excess heat. 
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1.2. District heating systems 

 District Heating networks are considered an optimal solution for an efficient heat 
supply since they enable utilization of renewable energy sources that in a traditional approach 
might not be deemed economical, and use of excess heat from power plants, that otherwise  
would be wasted (Frederiksen & Werner, 2013; Lund et al., 2014). These characteristics permit 
a reduction of the carbon footprint of heat supply and a steady decarbonisation of the 
economy (Andrews et al., 2012; David Connolly et al., 2014; Pöyry Energy Consulting & Faber 
Maunsel, 2009). They also enable a significant reduction of other harmful emissions such as 
nitrogen or sulphur oxides given the ease of installing centralised control measures for flue 
gases instead of the myriad that would be required in the case of decentralised heat 
production (Euroheat & Power, 2011; Frederiksen & Werner, 2013).   
 
 Furthermore, the use of surplus heat or renewable energies allow a decline in the 
primary energy consumption (Andrews et al., 2012; Frederiksen & Werner, 2013) which, given 
the aforementioned situation of Spain, would improve its trade balance resulting in a higher 
disposable income.  
 
 From the customer viewpoint, they can provide a reliable, simpler and cheaper heat 
supply. In addition, risks of fire and gas explosion are completely removed (Frederiksen & 
Werner, 2013). 
 
 District heating systems in Spain can be traced back to the decade of 1940 when a 
network in the University City of Madrid was built to supply the new University Campus 
(Torroja, 1943). However, nowadays, and in spite of all advantages they present, district 
heating systems are scarce in the country, and they solely supply an insignificant fraction of 
the heat and cooling demand (Werner, 2004) with an installed power of 1 219 MW in 2016 
(Adhac, 2016). This opens up plenty of opportunities for the growth of the district energy 
sector in the country.    

1.3. Aim  

  The purpose of this thesis is to determine the economic feasibility of establishing a 
district heating system in the Spanish city of Gijón. In order to reach this goal, distribution 
costs along with other outlays such as substations will be assessed.  

 Beforehand, it can be stated that the city counts on several requirements that are 
considered necessary for district heating such as high density and nearby sources of excess 
heat. Nevertheless, specific energy demands are expected to be lower than in other parts of 
Europe such as Scandinavia, as it could be inferred in Spain's energy outlook section. This may 
represent a challenge that this dissertation intends to address.  

 Heat density is a key parameter since higher demands require larger pipes and 
distribution costs grow linearly with the diameter, but distribution capacity does with the 
square of the diameter. Thus, specific heat distribution costs fall with heat density, and it is 
much more cost-effective to supply dense urban areas than spare zones. Large diameters 
provide further advantages such as lower specific heat losses  (Frederiksen & Werner, 2013). 
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1.4. Scope and limitations 

 This thesis will only deal with the economic and technical aspects of the 
implementation of a district heating system. Therefore, no attention will be drawn to other 
issues that may result critical were a district heating network to be implemented. These may 
range from an unstable legal framework that has repeatedly changed the regulation of 
cogeneration in the latter years (Romero-Rubio & de Andrés Díaz, 2015) to financial, due to 
the significant investments required (Andrews et al., 2012; Colmenar-Santos, Rosales-Asensio, 
Borge-Diez, & Mur-Pérez, 2015) or consumer reluctance to adopt an unknown and seemingly 
novel form of heat supply.  
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2. Economic analysis 

 The aim of this section is to determine the cost of establishing and operating a District 
Heating system and compare it with the current forms of heat supply.  

 First of all, the energy demands from the city of Gijón will be appraised. These 
demands will also be contrasted with other estimations for the city. Secondly, the capital costs 
of establishing a district heating system will be calculated. Afterwards, the specific cost of heat 
supply from the District Heating scheme will be obtained. Finally, the former will be compared 
to other energy sources.  

2.1. Energy demands 

 Energy demands will be evaluated following the next procedure: 

1. Built areas and different uses will be obtained for each land lot of the city. 
2. Specific heat demands will be retrieved for each different use. 
3. Specific heat demands will be multiplied by the built areas throughout the city, thus, 

computing the heat demand for every land lot.  
 
 This approach can be questioned for a number of reasons. For instance, and regarding 
domestic consumers, it neglects the effect of income, the type of energy source, building 
features such as insulation and so on and so forth.  
 
 This is the same process established by the Spanish Government in the report on 
District Heating and Cogeneration submitted to the European Commission (Ministerio de 
Industria Energía y Turismo, 2016a). It presents numerous flaws, as it will be explained in each 
different step, but it represents, along with the Heat Roadmap Europe project (David Connolly 
et al., 2014), the only comprehensive evaluation of heat demands and District Heating for the 
country. 

2.1.1. Built areas 

 The fundamental source of information in relation to this matter has been the General 
Directorate of Cadastre (Ministerio de Hacienda, 2017). The Ministry provides, on the one 
hand, cartography with each land lot and building alongside the road network, and, on the 
other hand, information of each land lot, property and building. The cadastre splits all this 
information into two parts for each municipality depending on the land category: rural or 
urban. In this dissertation, only the urban areas will be taken into account.  
 
 The cartography is presented as shape files, and it has been managed thanks to QGIS, a 
free and open-source geographic information system (QGIS Development Team, 2017). The 
Cadastre provides several layers, thereof the most relevant for this project is the so-called 
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"Parcela" or land lot (Dirección General del Catastro, 2014). Each land lot is identified with an 
alphanumeric code denominated "Cadastre Reference". This code will be utilized to link the 
geographic position of each land lot with other features. Other layers, "Elemlin" and "Ejes", 
representing the road network, have been useful in order to identify the different areas of the 
city. An example of the cartography is shown in Figure XVIII.  
 

 

Figure XVIII. Example of the cartography provided by the Cadastre. Source: (Ministerio de Hacienda, 2017)  

 Before addressing the second type of the information mentioned above, it has been 
considered necessary to provide some definitions related to the Cadastre7. These definitions 
are not intended to be legal translations but solely to shed some light on this issue.  
 

− Construction unit (Unidad constructiva): represents a building or set of constructions 
within a building 

− Construction (Construcción): element within a property, a premise. For instance, a 
school may contain different elements with various purposes such as educational, 
storage or administrative.  

− Property (Inmueble): the various private elements within a building, e.g., a flat. 
Proprietors also own a proportional part of the common elements such as staircases, 
lifts or entrances. Unlike in other countries, the owner of one flat does not have any 
right over the other flats. 

7 Note: The translation of the Cadastre terminology has presented some problems since this author is 
not familiar with legalese. In addition, property law may present broad differences between Sweden 
and Spain (Werner, 2017).  
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 The definitions of "construction unit" and "construction" have been obtained from 
(Dirección General del Catastro, 2016). These definitions are consistent with the information 
provided by the cadastre and will be utilised within this dissertation. However, the above 
definition of construction apparently contradicts Article 8.4 of the Cadastre Act (Spain, 2004) 
since this bill establishes that a construction is a building. The General Directorate of the 
Cadastre, enquired about this issue, has not been able to provide any useful information that 
helps to clarify it. On the other hand, the definition of property has been simplified and 
explained, but its legal designation can be found in Article 6.2 of the Cadastre Act. The reader 
is also referred to consult Article 396 of the Civil Code (Spain, 1889) and the Act of 
Commonhold Property (Spain, 1960) for further information.  

 Information about properties, land lots or constructions is released by the Cadastre 
with the format .CAT. These files can be opened in Excel through a series of templates that can 
be downloaded from the Cadastre website. Each file has a series of registries denominated 
Types. In this project, Types 11 and 14 have been utilised. Type 11 has one entry for each land 
lot and includes information about its identification ("Cadastre reference"), location, area of 
the land lot or total built areas (Dirección General del Catastro, 2011). The municipality of 
Gijón counts on 24,736 urban land lots. Type 14 has one entry for each construction. The 
cadastre reference, and areas and uses of each construction are given. The municipality of 
Gijón has 342,245 urban constructions.  

 A problematic aspect of the information provided by the Cadastre is the areas for each 
construction. In this sense, three different areas may be defined: 

− Useful area: it is the area that can be enjoyed by the owner. It excludes the area 
occupied by walls and shared elements.  

− Built area: In addition to the useful area, it also considers the area occupied by walls.  
− Cadastre area: It is the built area provided by the cadastre.  

 Legal definitions of these areas may be found in (Spain, 2003). Useful areas and built 
areas are included in deeds, which may have been entered in the Property Registry (such 
registry is not compulsory). Therefore, they are not readily available. On the contrary, cadastre 
areas are public. As an example, the three areas of this author's family flat are 116.29 m2, 
131.65 m2 and 128 m2 respectively. As it can be seen, there is a slight mismatch (2.8%) 
between the actual area and the area provided by the cadastre. For the purpose of this 
project, this small difference is considered negligible. The difference between useful and built 
areas is logically larger; in this case, it amounts to 13%. In general, different authors have 
provided estimates in the range 1.05-1.35 (Ayala Álvarez, 2011; Junta de Andalucía, 2011; 
Portales i Pons, 2013) although it is uncertain how these values were reached. Difficulties 
concerning these various areas will arise in the next section when specific  heat demands are 
assessed.  

 As has been mentioned above, each entry informs about the usage of each 
construction. The Cadastre does so by means of two classifications. One refers to the typology 
of the building, for instance, block of flats or detached house, whereas, the second 
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classification consigns the purpose of the construction, e.g. educational, storage, sport. The 
Directorate has established 70 types of Typologies and 172 distinctive purposes. Both have 
been gathered in the Annex. In principle, 12,040 different combinations would be possible. 
Nevertheless, plenty of them are incompatible and therefore unlikely to occur. The 
municipality of Gijón presents 589 permutations. In order to reach a manageable level of uses, 
it was obliged to group them.   

Table II. Total built areas by category. Categories in italics are associated with the industrial sector and will not be 
taken into account later.  

N Category Area (m2) Share N Category Area (m2) Share 

1 No demand Residential 
and Service Sectors 3 738 245 14% 22 Industry-Agriculture 1 116 0% 

2 Collective dwellings 12 652 951 48% 23 Industry-Beverage 27 811 0% 
3 One dwelling buildings 1 650 529 6% 24 Industry-Earthenware 9 524 0% 
4 Offices 662 906 3% 25 Industry-Construction 42 020 0% 

5 General trade 1 292 798 5% 26 Industry-Quarrying - 
(Mines) 4 154 0% 

6 Market or supermarket 152 719 1% 27 Industry-Electricity 39 786 0% 

7 Indoor sports; 
swimming pools 216 340 1% 28 Industry-Chemicals 9 948 0% 

8 Auxiliary sports 1 322 085 5% 29 Industry-Wood 85 802 0% 
9 Shows 120 389 0% 30 Industry-Manufactured 15 553 0% 

10 Leisure and hospitality 
industry with residence 108 433 0% 31 Industry-Metal 1 013 694 4% 

11 
Leisure and hospitality 

industry without 
residence 

359 988 1% 
32 

Industry-Machinery 116 376 0% 

12 Health and welfare 
with residence 271 835 1% 33 Industry-Plastics 15 533 0% 

13 Health and welfare 
without residence 95 751 0% 34 Industry-Paper 8 723 0% 

14 Cultural and religious 
with residence 17 829 0% 35 Industry-Fishing 271 0% 

15 Cultural and religious 
without residence 832 948 3% 36 Industry-Oil 4 736 0% 

16 Administrative 2 657 0% 37 Industry-Tobacco 13 538 0% 
17 Prison 10 788 0% 38 Industry-Textile 13 648 0% 
18 Industry 333 405 1% 39 Industry-Glass 4 128 0% 
19 Industry-Farming 237 943 1% 40 Service stations 7 168 0% 
20 Industry-Foodstuff 65 969 0% 41 No demand industry 2 070 846 8% 

  

 The report prepared by the ministry (Ministerio de Industria Energía y Turismo, 2016a) 
reached similar conclusions and set 40 major groups. However, beyond what can be inferred 
from the group names, it is rather ambiguous how this grouping was executed. This is one of 
the errors as far as the Ministry's report is concerned. A classification has been made on 
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Gijón's construction uses attempting to match the report's intentions. Nevertheless, this 
categorization is fraught with danger and could be controversial. In Table II the distinct 
categories are presented along with the total built areas within the municipality. In general, 
the category of No demand is associated with storage zones and car parks, and has been split 
into two subcategories, one for the residential and service sectors and the other, for the 
industrial sector.  

 From the previous table, it can be calculated that the built area for the service sector is 
approximately 38%8 of the built areas associated with dwellings. This figure is rather close to 
the 41% provided by (Persson & Werner, 2011), indicating that the values obtained  are 
plausible. 

 Once categories have been created, the areas of each different use for every land lot 
were calculated. This task was performed thanks to two specifically programmed applications, 
one in Matlab (The MathWorks Inc., 2015) and the other in VBA. Both programs rendered the 
same results although the calculation time differed vastly. The output of these programs was 
then incorporated into the GIS using the Cadastre Reference as a link with the original shape 
files provided by the Cadastre. Thus, it is possible to access, graphically, to the built areas of 
each category in any land lot. It must be warned that the shape files for urban areas only had 
17,402 land lots whilst the .CAT files amounted to 24,736.  

 One final detail must be considered; not all dwellings are inhabited. This fact is easily 
solved thanks to the Census carried out by the National Institute of Statistics (Instituto 
Nacional de Estadística (INE), 2017). The Institute divides the entire Spain into Districts (in 
Spanish Secciones Censales), each of them with a population around 1,000 persons. The 
Census gathers plenty of data for each district such as population, the number of foreigners, 
the number of dwellings and its size, although some information is not published in order to 
keep the statistical confidentiality. Related to this task, it is possible to know the total number 
of dwellings, and how many of them are occupied in each district. These values were 
incorporated into the GIS. The built areas of each land lot were grouped by census districts and 
the built areas of dwellings corrected. The average correction factor for the municipality was 
83%, and 90% of the districts have correction factors higher than 70%.  

 Given that, unlike land lots, census districts cover the whole municipality it is possible 
to calculate several parameters such as the population density, the specific building space or 
the plot ratio. The specific building space is the amount of building space available per capita 
whereas the plot ratio is the quotient between the built area and the land area (Persson & 
Werner, 2011). The plot ratio is an indicator of the compactness of a city and will be essential 
for the later development of this thesis.  

 In Figure XIX plot ratios have been depicted in relation to population densities. It can 
be observed how, generally, denser neighbourhoods present higher plot ratios. Furthermore, 
these values are rather higher than those present in Swedish cities which, according to 

8 Note: The category of No demand was excluded from this calculation. If it is taken into account, the 
proportion would fall to 34%.  
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(Persson & Werner, 2011), range from 0.5 to 2. However, these values might be reasonable 
given the population density of the city.  Equation ( 1 ) permits to calculate the plot ratio from 
population density, provided that the latter be higher than 1,500 inhabitants/km2. 

 

Figure XIX. Plot ratio for the census districts with a population density over 1,500 inhabitants/km2. Note: Plot 
ratios have been calculated considering only the residential and service sectors.  

 

𝑃𝑙𝑜𝑡 𝑟𝑎𝑡𝑖𝑜 = 4.95 · 10−4 · 𝑑𝑒𝑛𝑠𝑖𝑡𝑦0.8149 ( 1 ) 

 

 The average specific built area for the city is 76.2 m2 per capita including the service 
sector, the residential sector and the no-demand areas associated to the previous two. This 
value is considerably higher than those presented by Werner & Persson in Belgium, Germany, 
France and the Netherlands which are in the range 45-55, therefore, raising some doubts 
about the accuracy of this figure. If no-demand is taken aside the specific built area drops to 
63.3 m2 per capita, value which is still higher than those reported by Persson & Werner. This 
discrepancy might be explained by the fact that these authors employed the Urban Audit from 
the European Union. This survey's definition of living floor spaces does not take into 
consideration some rooms such as bathrooms or utility rooms, and it is also unclear whether 
walls are accounted (European Communities, 2007). 
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2.1.2. Specific heat demands 

 The aim of this section is to outline the process carried out for obtaining the specific 
heat demands that will be later utilized for calculating the total heat demands and the heat 
densities.  

 Heat demands from the residential and service sectors will be addressed separately 
given their unique characteristics and the differences regarding the quality of data.  

 On the other hand, heat demands in a particular location may be extrapolated from 
another spot thanks to the Heating Index previously introduced. For the city of Gijón, the 
Heating Index has a value of 68. The heating indices were calculated for Sweden by (Werner, 
2004) and are in the range 110-150. Given that the population of Sweden is concentrated in 
the southern part of the country (Danmarks Statistik, Statistika centralbyrån, & Tilastokeskus, 
2003), it might be deemed reasonable to assume a value of 120 as a state average. In the last 
decade, average specific heat demands were 152.3 kWh/m2 for multi-dwelling buildings and 
132.2 kWh/m2 for the service sector according to (Andreasson, Borgström, & Werner, 2009). 
Moreover, according to (Frederiksen & Werner, 2013), the domestic hot water (DHW) demand 
in dwellings is about 30 kWh/m2. Therefore, assuming an invariable DHW consumption, heat 
demands in Gijón, which have been calculated using equation ( 2 ), could be 99 kWh/m2 for 
flats and 88 kWh/m2 for the service sector.  

𝐻𝑒𝑎𝑡 𝐷𝑒𝑚𝑎𝑛𝑑 𝐺𝑖𝑗ó𝑛 = 𝐷𝐻𝑊 + 𝐻𝑒𝑎𝑡𝑖𝑛𝑔 𝑆𝑤𝑒𝑑𝑒𝑛 ·
𝐻𝑒𝑎𝑡𝑖𝑛𝑔 𝐼𝑛𝑑𝑒𝑥 𝐺𝑖𝑗ó𝑛
𝐻𝑒𝑎𝑡𝑖𝑛𝑔 𝐼𝑛𝑑𝑒𝑥 𝑆𝑤𝑒𝑑𝑒𝑛

 ( 2 ) 

 

Domestic demand 

 The energy demand in the residential sector was studied in 2011 by the National 
Energy Agency (IDAE) within the SECH Project envisaged by Eurostat (Instituto para la 
Diversificación y Ahorro de la Energía (IDAE), 2011a). This study divided the entire Spain into 
three main climatic areas, depicted in Figure XX, and two different dwelling categories, flats, 
which account for 70% of the dwelling stock, and detached houses. For each of the six 
categories, it provides abundant data on the energy consumed by different uses: heating, 
domestic hot water, air conditioning and electric appliances, alongside energy sources, 
dwelling features or household socioeconomic characteristics. Importantly, energy demands 
were generally measured. These demands were extrapolated for the entire country and 
verified using a top-down approach. Overall, there was a good agreement between the 
bottom-up and the top-down methodologies.  

 One aspect that is not mentioned in the report and should have been taken into 
consideration is normalization. Apparently, heating data was not corrected in order to account 
for the climatic conditions of the measuring year. This technique would have provided a better 
estimate of the average annual demand. Given that it is not stated where the measurements 
were carried out, it is not possible to adjust them.       
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Figure XX. Climatic Areas of Spain utilized in the IDAE's report9. Sources: (Instituto Nacional de Estadística (INE), 
2017; Instituto para la Diversificación y Ahorro de la Energía (IDAE), 2011a).  

 The heat demands stemming from heating and domestic hot water are expressed in 
Table III. It must be noticed that these demands are not truly heat demands, but energy 
demands since they were derived from measuring energy consumption such as natural gas or 
electricity. However, since prevalence of heat pumps in the northern area is negligible 
(Instituto para la Diversificación y Ahorro de la Energía (IDAE), 2011a), and the other sources 
can be assumed to have an efficiency close to one, these energy demands can be taken as heat 
demands with a large degree of confidence.     

Table III. Heat demands of dwellings in the northern area.  

Category Heating 
(kWh) 

Domestic hot 
water (kWh) 

Area 
(m2) 

Specific heating 
demand 

(kWh/m2) 

Specific hot 
water demand 

(kWh/ m2) 

Specific total 
heat demand 

(kWh/m2) 
Flats 1 861 1 889 82.2 23 23 46 

Detached 
houses 9 083 2 111 126.7 72 17 88 

 

 It can be seen that flats' heat demands are rather lower than what was suggested by 
extrapolating Swedish values to Gijón and surprisingly close to the demands in Passive houses 
(Passivhaus Institut, 2015). However, anecdotal evidence gathered by this author is in good 

9 According to the report: "Their delimitation has been obtained according to the maximum, medium 
and minimum average temperatures of the Spanish provinces for period 1997-2007". 

 
 24 

                                                            



 
 
 
 

Dissertation in Engineering Energy  
Luis Sánchez García 

agreement with the Swedish-derived values10. Due to the socioeconomic situation of the small 
sample gathered by this author, it can be hypothesized that these low demands might be 
caused by a lack of affordability and, were these restrictions to disappear, demand would 
increase to about 80-100 kWh/m2. 

 Another support for the previous hypothesis is the fact that 56% of the dwelling stock 
was built before the first regulation concerning energy requirements was enacted (Spain, 
1979; Terés-Zubiaga, Campos-Celador, González-Pino, & Escudero-Revilla, 2015). These 
researchers carried out a simulation, verified by in-situ measurements, with rather low 
setpoints of 20°C and 17°C in a typical dwelling located in Northern Spain, which delivered a 
heating demand of 45 kWh/m2annum. If hot water demand is added, the specific demand 
would be much nearer to the Swedish extrapolations.  

   On the other hand, these remarkable differences between heat consumptions in both 
countries could be partially explained by the different composition of the dwelling stock. 
According to Eurostat, 65% of Spaniards live in flats whereas the proportion of Swedes is 
limited to 40% (European Commission, 2017a). 

 Finally, the IDAE's study provides the average area of Spanish households. However, it 
does not specify whether these values are useful areas or built areas. If they were useful areas, 
the specific heat demands should be reduced. The study was elaborated in collaboration with 
the INE, whose Census solely informs about useful areas. Thus, it is reasonable to assume that 
the areas provided by the report are useful areas. In addition, the average useful area for the 
city of Gijón is 78 m2, according to (Instituto Nacional de Estadística (INE), 2017). This figure is 
very close to the 82 m2 average for the North Area given in the IDAE's report. Consequently, it 
is extremely likely that the dwelling areas provided by the IDAE are useful areas. In Table IV 
corrected specific heat demands are provided. The adjustment has been realized using a ratio 
of 1.2, coherent with previous explanations.  

Table IV. Corrected specific heat demands. 

Category Specific heat demand 
(kWh/m2

useful) 
Specific heat demand 

(kWh/m2
built) 

Flats 46 38 
Detached 

houses 88 74 

 

Service sector demand  

 The starting point for the service sector's specific heat demands will be the data 
provided by the Ministry's report on efficient district heating systems. This report provides the 
aggregated demands for each of the 40 different uses previously defined in the three climatic 

10 The values calculated are in the range 70-100 kWh/m2 for three different blocks. They are located in 
Gijón, Oviedo and Avilés (nearby cities to Gijón). For further information the reader is referred to the 
annex, section 4.3.  
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areas. Furthermore, total built areas for each use and zone are supplied. From these two 
values, specific demands were calculated. On the other hand, some specific consumers, such 
as hospitals or large shopping centres, were addressed separately due to their relevance. The 
same procedure to obtain the specific demands was followed. The results are presented in 
Table V. 

Table V. Specific heat demands in the service sector.  

N Category Indirect 
(kWh/m2) 

Direct 
(kWh/m2) 

4 Offices  142  
5 General trade  64  75 
6 Market or supermarket  209  
7 Indoor sports; swimming pools  24  
8 Auxiliary sports  2  
9 Shows  36  
10 Leisure and hospitality industry with residence  407  
11 Leisure and hospitality industry without residence  58  
12 Health and welfare with residence  73 

 127 
13 Health and welfare without residence  22 
14 Cultural and religious with residence  75  
15 Cultural and religious without residence  18  
16 Administrative  303  127 
17 Prison 1 466  75 

 

 It can be easily seen that some of these demands are improbably high. Above all, it is 
the average for prisons which reaches the extraordinary value of 1466 kWh/m2. Other far-
fetched values are offices and administrative; there is no reason to assume a two-fold 
difference in two categories that barely present any distinctive feature. In addition, leisure and 
hospitality's demand of 407 kWh/m2 is higher than in the central region, which has a harsher 
climate. These results raise concern over the entire estimates.  

 A possible explanation of the previous results is the fact that the report states that 
energy audits were utilised as a source for energy demands. It is unclear whether these audits 
are true assessments of energy demands or rather mere energy performance certificates. 
These latter are estimates of energy demand based on simplified simulations. A study11 of the 
papers of (Gangolells, Casals, Forcada, MacArulla, & Cuerva, 2016; López-González, López-
Ochoa, Las-Heras-Casas, & García-Lozano, 2016) suggests that energy certificates overestimate 
the actual energy demands in dwellings by a large margin. This conclusion could be 
extrapolated to the situation in the tertiary sector, leading to the absurd results provided by 
the Ministry's report.  

11 The reader is referred to the annex, where a detailed explanation of the main results of these two 
studies has been provided, section 4.4.  
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 Different sources have been consulted in order to overcome this problem. However, 
the information obtained is far from being comprehensive. In the next subsections, every 
source employed will be briefly explained.  

Administrative and offices 

 The Central Government12, compelled by (European Union, 2012),  provides the energy 
consumption of its buildings and its main agencies, such as the Social Security (Ministerio de 
Energía Turismo y Agenda digital, 2016). A notable exception is the Ministry of Defence that 
does not make available any information of its buildings. Considering the buildings in the 
Atlantic region13 and those with an energy source other than electricity, an average 
consumption of 39 kWh/m2 is obtained. In Figure XXI the distribution of energy demand  is 
depicted. These heat demand values are an order of magnitude lower than the average figures 
provided by the Ministry report on district heating (Ministerio de Industria Energía y Turismo, 
2016a). As explained in the annex, these rather low figures may be due to the fact that not all 
areas are heated.  

 

 

  Figure XXI. Heat demand in central government buildings located in the Atlantic Zone.  

 Ceteris paribus, the feasibility of district heating systems decreases with smaller heat 
demands. Thus, a value of 40 kWh/m2 is a rather conservative approach.    

 

12 Spain is a highly decentralized country in which plenty of powers have been transferred to the 
regional governments; according to (Organisation for Economic Co-operation and Development (OECD), 
2016) Spain had the fifth largest share of subnational expenditure in the total government spenging. 
Hence, central government buildings only account for a minor fraction of the administrative building 
stock.  
13 A detailed list of all buildings considered is provided in the annex, section 4.5.  
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Health  

 The health service of Asturias has benevolently provided the energy consumption of its 
different health centres and hospitals (Pintado García, 2017). This information has been vital 
for obtaining a realistic consumption pattern of this sector. Due to time constraints, only the 
centres of Gijón and Oviedo have been analysed. On the one hand, the consumptions of 
Gijón's buildings have been directly allocated to the heat GIS model. On the other hand, the 
buildings of these two cities have been employed to calculate an average demand for other 
buildings within this segment. Hospitals were utilised to calculate the mean demand of the 
"Health and welfare with residence" category whereas the rest were employed to determine 
the consumption of "Health and welfare without residence".14 

 The heat demand patterns for health centres (without residence) is shown in Figure 
XXII. From this chart, it can be deduced that most buildings have a demand between 50 and 
150 kWh/m2, although some outliers are present. If these are omitted an average demand of 
96 kWh/m2 may be obtained.  The Hospital of Cabueñes has allowed calculating the specific 
demand of the category "with residence", giving a value of 208 kWh/m2. These figures are 
coherent with the average for the Catalonian health centres15, 136 kWh/m2, according to 
(López Cristià, 2011). 

 

Figure XXII. Specific energy demands of health centres in Oviedo and Gijón. Source: elaborated from (Pintado 
García, 2017) 

Cultural and religious  

 This sector comprises a large number of different buildings such as schools, 
universities, culture centres, churches or halls of residence. The report prepared for the 
European Commission (Ministerio de Industria Energía y Turismo, 2016a) splits this category 

14 Further information is provided in the annex, section 4.6.  
15 Calculated from natural gas demand.  
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into two subcategories, one with residence and the other without it. This is intended to take 
into account the different demand patterns; domestic hot water consumption can be 
substantial in halls of residence whereas it is non-existent or negligible in schools. 
Furthermore, set-off control systems are more likely to be present in the sector without 
residence.   

 The heat demand for the subsector without residence has been estimated thanks to 
the information gathered from several education buildings in the cities of Oviedo and 
Santander16. A value of 42 kWh/m2 has been determined, and it will be employed within this 
dissertation. Moreover, this figure is consistent with the energy demand of administrative and 
office buildings.  

 With regard to the subsector with residence, no comprehensive study was available. 
Nonetheless, the figure calculated from the Ministry's report, 75 kWh/m2, is sufficiently 
reasonable to be utilized, although (Carpes Fernández, 2014) studied a hall of residence in the 
southern city of Cartagena and provided a value of 179 kWh/m2, much higher. Given the 
nature of district heating systems, the figure of 75 kWh/m2 is deemed to be a conservative 
estimate.    

Commerce 

 This large segment of the service sector is divided into two subcategories, 
denominated general trade and supermarkets. According to the Ministry's report, the demand 
of the former is 64-75 kWh/m2 and 209 kWh/m2 for the latter. The report does not provide any 
evidence for such a significant difference. In addition, the value for supermarkets seems far-
fetched; less than 10% of the Swedish commercial area has a heat demand larger than 200 
kWh/m2 (Andreasson et al., 2009).  Nevertheless, the report (Garrigues Medio Ambiente, 
2010) suggests a value of 170 kWh/m2 for shopping centres, even though it is unclear how this 
figure was reached.  

 Given the uncertainties regarding this sector, and in order to be on the safe side, a 
value of 75 kWh/m2 will be taken. This number is also supported by its similarity with the 
extrapolation of Swedish heat demands.  

Sports 

 The Ministry's report proposes a division of this sector in two categories, one for 
swimming pools and other indoor facilities and another for auxiliary buildings. The demand 
suggested for auxiliary buildings is negligible, merely 2 kWh/m2, whereas a somewhat higher 
figure of 36 kWh/m2 is put forward for swimming pools.  

 The demand for auxiliary buildings is extremely low and unrealistic, but due to the lack 
of better data will be utilized within this study. On the other hand, the demand for swimming 
pools and indoor facilities seems excessively small too, given the heavy use of domestic hot 

16 The climate of these two cities is perfectly comparable to the climate of Gijón.  
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water in showers or the swimming pool. The study (Garrigues Medio Ambiente, 2010) 
proposes a value of 167 kWh/m2, which might be too high. Nevertheless, this value will be 
employed since better data is missing.  

Shows  

 This sector includes cinemas, theatres and concert halls among others.  The same 
demand provided by the Ministry will be employed here. This value of 36 kWh/m2 is 
sufficiently close to the heat consumption of other buildings to be reasonable. Furthermore, it 
has not been possible to gather specific data about this sector. 

Hospitality industry 

 The heat demands for this sector provided the report to the European Commission are 
totally unrealistic. On the one hand, the specific heat demand for the hotel industry in the 
Northern area is 407 kWh/m2, higher than the demand for the central region, which has colder 
winters. In addition, it seems highly unlikely that hotels have demands far greater than those 
encountered in Sweden (Frederiksen & Werner, 2013).  

 The scattered data consulted during the preparation of this report suggest more 
reasonable values although a noteworthy divergence between them prevails. The report 
(Garrigues Medio Ambiente, 2010) proposes a mean value of 210 kWh/m2, whereas a study of 
a hotel in the eastern region of Valencia (Lozano Martínez, 2014) obtains a lower value of 90 
kWh/m2. A value of 200 kWh/m2 will be utilized due to the lack of better data.  

 The leisure and hospitality industry without residence presents a specific heat demand 
of 58 kWh/m2 according to (Ministerio de Industria Energía y Turismo, 2016a). This figure will 
be the specific heat demand chosen for this report.     

Prison 

 The report for the European Commission proposes two values for this sector, one 
based on indirect measurements, 1 466 kWh/m2, which is absurd and another based on direct 
estimations, probably from internal data of the Ministry of the Interior, 75 kWh/m2. This latter 
value has been deemed to be adequate and will be utilized within this study for the city of 
Gijón. 
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Summary 

 In Table VI all the values formerly obtained have been collected. These figures will be 
used to determine the heat demand of each building or premise within the commercial sector.  

Table VI. Final specific heat demands for the service sector.   

N Category Indirect 
(kWh/m2) 

4 Offices 40 
5 General trade 75  
6 Market or supermarket 75  
7 Indoor sports; swimming pools 167  
8 Auxiliary sports 2  
9 Shows 36  
10 Leisure and hospitality industry with residence 200 
11 Leisure and hospitality industry without residence 58  
12 Health and welfare with residence 208  
13 Health and welfare without residence 96  
14 Cultural and religious with residence 75  
15 Cultural and religious without residence 42  
16 Administrative 40  
17 Prison 75 

2.1.3. Total heat demand 

 The heat demands have been calculated according to the procedure outlined in section 
2.1. Firstly, the heat demand for each land lot  has been obtained; these heat demands have 
been computed for the two major sectors, residential and commercial, separately. The next 
step has consisted of linking these values with the Geographical Information System. Following 
this connection, the heat demands have been summed for each census district. This 
integration has allowed adjusting the heat requirements in the residential sector for the fact 
that not all dwellings are occupied. In addition, since census districts are contiguous, contrary 
to land lots, it has enabled the determination of the heat density.  

 The energy demands for the entire area analyzed are presented in Table VII. It must be 
noted that in this table the energy demands for the residential sector have been corrected 
using an average occupancy level. Therefore, the final energy demand might vary slightly when 
the actual occupancy levels are applied. The total energy demand has been appraised in 825 
GWh.  

 Regarding the energy demanded by the residential sector (502 GWh) this estimate is 
coherent with a previous assessment of this author for the entire municipality (467 GWh) 
utilizing data from the Census (Instituto Nacional de Estadística (INE), 2017). 
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Table VII. Total energy demand by sector17 in the urban area18.  

N Sector Total Energy 
demand (GWh) Share 

2 Flats 400 48% 
3 Detached houses 102 12% 
4 Offices 27 3% 
5 General trade 97 12% 
6 Market or supermarket 11 1% 
7 Indoor sports; swimming pools 36 4% 
8 Auxiliary sports 3 0% 
9 Shows 4 1% 

10 Leisure and hospitality industry with residence 22 3% 

11 Leisure and hospitality industry without 
residence 21 3% 

12 Health and welfare with residence 57 7% 
13 Health and welfare without residence 9 1% 
14 Cultural and religious with residence 1 0% 
15 Cultural and religious without residence 35 4% 
16 Administrative 0 0% 
17 Prison 1 0% 

Total 825  
 

 The energy demand for the entire urban area18 is less than one tenth of the energy 
available from the thermal power plant, in the same order of magnitude as the energy 
provided by the cement factory and less than one-third of the estimated waste energy from 
the steel mill. Thus, it can be easily concluded that the municipality has sufficient excess heat 
that could supply the entire urban population.   

 In Figure XXIII the heat density has been depicted for each census district. It is clear 
that, at first sight, the majority of the city counts on a heat density larger than 33 kWh/m2, 
which is confirmed in Figure XXIV. A threshold of 40-50 kWh/m2 is usually employed to 
determine which areas are appropriate to implement district heating systems according to 
(Frederiksen & Werner, 2013), although this figure may be reduced to 20 kWh/m2 in mature 
markets. According to Figure XXIV, a total demand of 485 GWh is concentrated in areas with a 
higher heat density than 40 kWh/m2. The former demand could be expanded to another 107 
GWh (in areas with heat densities between 20 and 40 kWh/m2) in latter stages of the 
development of the district heating system. On the other hand, if a different criterion such as 
urban zone5 with a population density of 1500 inhabitants/km2 is chosen as threshold, the heat 
demand would be 687 GWh.     

17 Note: the energy demands for the residential sector have been adjusted using the city average 
occupancy value, not the actual values for each census district. 
18 In this case, urban merely reflects the land category provided by the cadastre, not what could be 
considered real urban area from by a normal citizen. 
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Figure XXIII. Heat density by Census District. 

 

Figure XXIV. Heat demand by heat density.  

 In Table VIII the heat demands have been summarized by heat density. It can be seen 
that the total demand is somewhat different from the total demand provided by Table VII. This 
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difference is explained by the fact that actual occupancy factors were applied in the procedure 
to obtain Table VIII's values. In addition, another source of error could be possible; if a given 
land lot is present in two different census districts, which is possible but not very probable 
since limits usually go along the road network, the heat demand of such land lot would be 
allocated to both census districts, therefore, artificially increasing the total heat demand.  

Table VIII. Summary of heat demands classified by heat densities.  

Category Heat densities 
(kWh/m2) 

Heat demand 
(GJ) 

Heat Demand 
(MWh) 

Heat density below 20 TJ/km2 5.56  447 583  124 329 

Heat density between 20-50 TJ/km2 5.56 - 13.9  167 948  46 652 

Heat density between 50-120 TJ/km2 13.9-33.3  426 478  118 466 

Heat density between 120-300 TJ/km2 33.3-83.3  826 889  229 691 

Heat density above 300 TJ/km2 83.3 1 053 584  292 662 

Total heat demand 2 922 481  811 800 

 

 Finally, another clarification should be made. As explained in section 1.1.2 in relation 
to the population density, some census districts located on the outskirts include vast areas of 
industries and/or meadows. For instance, the census district located in the eastern part of the 
Santa Catalina Peninsula is a green area with no heat demand. This leads to a false reduction of 
the heat density. Thus, were the census districts to be redrawn, the demand susceptible to be 
covered by the district heating system would rise. Due to time constraints, this fine-tuning of 
the census districts will not be realized.  

2.1.4. Comparison of total heat demands with other sources.  

 Apart from this dissertation, two other studies have attempted to assess the heat 
requirements in the country, the report elaborated by the Ministry of Energy to the European 
Commission (Ministerio de Industria Energía y Turismo, 2016a) and the Heat Roadmap Europe 
project (D. Connolly et al., 2014; Högskolan i Halmstad et al., 2017).  

 The Ministry developed a consultation tool following the same principles outlined in 
this thesis. According to the explanation of the report, the application provides the heat 
demand of any chosen area of Spain as well as possible heat sources. This instrument would 
enable the verification of the calculations performed within this dissertation since similar 
procedures have been followed.  

 Unfortunately, the IDAE has not released this application to the public, and it is not 
accessible. The author has repeatedly attempted to contact the Agency in regard to this 
matter. Firstly, and unsuccessfully, via telephone and e-mail. Finally, the author turned to the 
"Portal de la Transparencia" and carried out an official request. This website is the official 
responsible for securing a transparent government. Hence, the IDAE was compelled to respond 
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to this demand. The official IDAE's response argued that the release of the aforementioned 
tool would necessitate changes in the mapping program, so the statistical confidentiality is 
preserved. Reprocessing is one of the circumstances established in the Transparency Act 
(Spain, 2013) that allows governmental bodies to deny access to information. Nonetheless, it is 
controversial whether any confidentiality would be violated since all data utilized is public. 

 On the contrary, the Heat Roadmap Europe project's information is readily accessible, 
and it is presented in Table IX. The project has used a grid of 100 m to determine the heat 
densities and demands (Högskolan i Halmstad et al., 2017). This approach has the advantage 
over the census districts that it eliminates the artificial low densities in some census districts.  

Table IX. Heat Roadmap Europe Project's energy demands. Source: (Högskolan i Halmstad et al., 2017) 

Category Heat densities 
(kWh/m2) 

Heat demand 
(GJ) 

Heat Demand 
(MWh) 

Heat density below 20 TJ/km2 5.56 100 000 27 778 

Heat density between 20-50 TJ/km2 5.56 - 13.9 164 164 45 601 

Heat density between 50-120 TJ/km2 13.9-33.3 143 271 39 798 

Heat density between 120-300 TJ/km2 33.3-83.3 365 033 101 398 

Heat density above 300 TJ/km2 83.3 1 736 487 482 358 

Total heat demand 2 508 955 696 932 
 

 

Figure XXV. Heat densities of Gijón according to the Heat Roadmap Europe Project. Source: (Högskolan i 
Halmstad et al., 2017). Reproduced with permission.  
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 A comparison between Table VIII and Table IX allows the making of several 
observations. Firstly, the total heat demand obtained in this study is relatively similar to the 
heat demand provided by the Heat Roadmap Europe project; only an 18% difference (811 
GWh vs. 697 GWh). However, the heat demands calculated for each density category differ 
notably and are only similar in the 20-50 TJ/km2 category. This divergence could be explained 
by the difference size of the grids utilized in both projects as it can be verified in Figure XXV or 
the dissimilar areas taken into consideration. 

 The main conclusion that may be drawn is the reasonable similarity of the total heat 
demands obtained within this project with other research undertakings that have employed a 
different methodology.  

2.2. Cost of capital 

 Prior to addressing the different costs that comprise the establishment of a district 
heating system, it is necessary to cover the issue of the cost of capital.   

 This project aims to obtain the cost of supplying a unit of heat by means of a district 
heating system and compare it with other sources of heat supply in order to determine its 
feasibility. The total cost is the result of the sum of various outlays, some of which take place 
at the beginning of the installation whereas other occur throughout the lifespan of the system. 
This section will focus on the former, addressing the amortization of those costs, mainly the 
construction of the network, the purchase of the substations and the adaptation of the source 
of excess heat.  

 The amortization will be realized according to Equation ( 3 ) that permits to calculate 
the fraction of the initial investment that should be paid in a given year, the annuity.  

𝑎 =  
𝑖 ·  (1 + 𝑖)𝑛

(1 + 𝑖)𝑛 −  1
 ( 3 ) 

  

Where 

− 𝑖 is the interest rate 
− 𝑛 is the amortization period 

 The interest rate utilized for this project will be a 3.5% according to the proposal of 
(Andrews et al., 2012), although the report written by the Ministry of Energy to the European 
Commission employed a 5% and this author has some anecdotal evidence on a district heating 
company in Denmark that enjoys an interest rate roughly 1.5% for its forthcoming expansions. 
The effects of the interest rate will be discussed in the sensitivity analysis chapter. On the 
other hand, district heating networks have long service life easily exceeding forty or fifty years, 
hence (Andrews et al., 2012; Frederiksen & Werner, 2013) suggest that amortization periods 
up to thirty years may be taken.  
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2.3. Distribution costs 

 This section will address the cost of constructing the pipe network. This network will 
be the responsible for the delivery of hot water to the customers and return the chilled water 
to the centralised heat source. It will consist of a set of two preinsulated pipes as shown in 
Figure XXVI and Figure XXVII, although research demonstrates the potential for implementing 
a third pipe in order to eliminate the need for bypasses during the summer (Averfalk & 
Werner, 2016).  

 

Figure XXVI. Set of district heating pipes in the city of Halmstad (Sweden).  

 

Figure XXVII. Twin pipes awaiting installation in the town of Horsens (Denmark).  
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 In this section, firstly the procedure followed to obtain the construction costs will be 
outlined. Secondly, the results of applying such a method to the city of Gijón will be provided.  

2.3.1. Procedure  

 Distribution costs will be assessed following the method envisaged by (Persson & 
Werner, 2011). This procedure permits to ascertain the distribution costs directly from the 
land heat density with no need to design the network.  

 Distribution costs are dependent on the linear heat density, i.e. the amount of heat 
delivered by a unit of pipe length. This is rather logical since higher linear heat densities would 
require larger diameters if pressure losses are to remain reasonable which, in turn, would lead 
to higher costs. However, specific distribution costs (per unit of heat delivered) are lower with 
higher linear heat densities due to the fact that constructions costs grow linearly, but the pipe 
capacity's growth is quadratic.  

 Annualized specific construction costs may be calculated thanks to Equation ( 4 ) 

𝐶𝐶𝑢 = 𝑎
𝑈𝐶 · 𝐿
𝑄𝑠

 ( 4 ) 

 

where 

− 𝐶𝐶𝑢 are the annualized construction cost per unit of heat supplied 
− 𝑎 is the annuity calculated according to equation ( 3 ) 
− 𝑈𝐶 are the construction cost per unit of length pipe 
− 𝐿 is the pipe length 
− 𝑄𝑠 is the heat sold 

 
Taking into account that the construction cost per unit of length pipe grow linearly 

with the diameter, as portrayed by Figure XXVIII, the previous equation may be developed as 
 

𝐶𝐶𝑢 = 𝑎
𝑈𝐶 · 𝐿
𝑄𝑠

= 𝑎
𝑈𝐶
𝑄𝑠
𝐿

=  𝑎
𝐶1 + 𝐶2𝑑𝑎

𝑄𝑠
𝐿

 ( 5 ) 

 

where 

− 𝐶1 and 𝐶2 are construction cost coefficients. 
− 𝑑𝑎 is the average pipe diameter 
− 𝑄𝑠/𝐿 is the linear heat density 
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 In equation ( 5 ),there are two parameters, the average pipe diameter and the linear 
heat density, which are unknown. The average diameter should be function of the linear heat 
density as formerly pointed out. However, the linear heat density is only known when the 
network has already been designed or in the case of a network previously functioning. Prior to 
the design of the network, solely the land heat density, i.e. the amount of heat per unit of land 
area, is known. Therefore, it is necessary to link the land heat density in a city with the linear 
heat density. This bridge will be done thanks to the concept of effective width (w). The 
effective width is simply the ratio between the land area and the total length of pipes in a 
given area according to Equation ( 6 ). It can be calculated with Equation ( 7 ), obtained from 
the study of various district heating networks in Sweden.  
 
 

𝑤 =
𝐴𝐿
𝐿

 ( 6 ) 

 

𝑤 = 61.8 𝑒−0.15 ( 7 ) 

 

Where 

− 𝑤 is the effective width 
− 𝐴𝐿 is the land area 
− 𝑒 is the plot ratio 

 
 Applying the concept of effective width, the linear heat density would be 
 

𝑄𝑠
𝐿

= 𝑞 · 𝑤 ( 8 ) 

 

Where 

− 𝑞 is the land heat density or 𝑄𝑠/𝐴𝐿. 
 

 Once the heat density has been determined, it is also possible to attain the average 
pipe diameter. Equation ( 9 ) may be utilised for that purpose. It must be noted that Equation   
( 9 ) requires the utilization of GJ/m as a unit of linear heat density and provides the average 
diameter in metres.  

𝑑𝑎 = 0.0486 · 𝑙𝑛 �
𝑄𝑠
𝐿
� +  0.0007 ( 9 ) 
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 The last two parameters needed are C1 and C2. Both may be obtained from an 
analysis19 of the Swedish District Heating Association's report on piping costs (Svensk 
Fjärrvärme AB, 2007). A minimum squares regression results in C1 amounting to 435.57 €/m 
and C2 to 3.5199 €/m·mm.  

 

Figure XXVIII. Construction costs of District Heating Pipes in November 2016.   

 A final consideration is obliged with regard to these expenses. They have been 
obtained for overseas conditions. Therefore, they are bound to have a higher uncertainty than 
if Spanish costs had been utilized. Unfortunately, construction costs for district heating 
systems are not yet available for the Spanish market.  

 It is considered that the differences in costs between the two countries stem from two 
factors, labour costs and expertise and experience. On the one hand, labour costs in the 
construction sector are a 45% lower in Spain (average 21 €/hour vs. 38 €/hour, according to 
(European Commission, 2017a)). Therefore, it would be reasonable to expect lower 
construction costs, especially in civil works. But, on the other hand, the lack of experience in 
this business within the Spanish construction sector may lead to lower efficiencies and hence, 
higher construction costs. In relation to this latter factor, it might be argued that despite being 
a novel market, construction companies can rapidly adapt to it, similarly to what has being 
achieved in other subsectors such as the high-speed railroads. Spain has consistently attained 
lower construction costs than France in high-speed rail despite its more difficult topography 
and later development (Campos & de Rus, 2009). As a conclusion, the approach of utilizing 
Swedish figures has been deemed to be conservative.  

19 A detailed analysis of the procedure followed may be found in the Annex, section 4.8.  
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2.3.2. Distribution costs in the city of Gijón 

 The distribution costs for the town of Gijón are presented in Figure XXIX and Figure 
XXX. They have been obtained assuming an amortization period of thirty years and an interest 
rate of 3.5% as previously explained.  

 There is a noticeable plateau found in the average cost curve, that permits to draw the 
conclusion that almost all the city could be supplied at a reasonable price. For instance, an 
approximate 47% of the heat demand could be supplied with an average cost lower than 1 
euro cent per kWh. In addition, the expansion of the district heating system presents a natural 
limit at around 95% when average costs soar if further development is desired.  

 On the other hand, the marginal cost curve permits to assess the adequacy of 
progressive expansions of the district heating network. The marginal cost remains relatively 
low and similar to average costs up to a supply of 35-40% of the total demand, and they start 
to rise rapidly beyond an 80% of penetration rate. It can also be concluded that a further 
expansion beyond 60-70% is bound not to be considered economical. In such a case the cost of 
supplying additional demand would approach the cost of alternative energy sources for 
industrial consumers, i.e., natural gas, that currently can be estimated in 0.028 €/kWh 
(European Commission, 2017a). However, this expansion could be justified on an 
environmental basis, in case a further decarbonisation were desired. 

 

Figure XXIX. Specific distribution costs for the city of Gijón.  

 Finally, a comparison shall be made with the costs for district heating networks 
provided by different sources. According to the Danish Energy Agency (Energi Styrelsen, 2012), 
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an expansion of the district heating network within an existing area of single home dwellings, 
and a heat density of 120 TJ/km2 (33.3 kWh/m2) would have an investment cost around 18 000 
- 20 000 €/TJ wich would tranlate into a cost of 0.0035 - 0.0043 €/kWh, a value substantially 
lower than the obtained in this thesis. This contrast allows to conclude that the distribution 
costs reached by this author are rather conservative.  

 

Figure XXX. Total distribution costs for the city of Gijón.  

2.4. Other costs 

 This section will deal with other issues that influence the total cost of establishing a 
district heating system. The cost of heat supply, operation and maintenance of the network, 
and substations will be analysed. Other outlays such as the power needed to pump the water 
through the pipe network will be disregarded.  

2.4.1. Energy supply 

 This section will briefly address the heat supply of the district heating system. 
According to the information presented, the municipality currently counts on three facilities 
that could provide heat for the system, a coal power plant, a steel mill and a cement factory. 
Due to time constraints, only the power plant will be taken into consideration. Furthermore, 
the utilization of excess heat from the steel or cement factories may necessitate the 
installation of heat pumps to upgrade the excess heat to an appropriate level for the district 
heating system. These apparatuses have been successfully deployed elsewhere, attaining 
relatively high COP values (David, Vad Mathiesen, Averfalk, Werner, & Lund, 2017). 
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Notwithstanding their accomplishments, an analysis of the Spanish electric market would be 
required, and it is likely that this solution were less competitive.   

 The Steam Power Plant counts on two units, one of 365.5 MWe built in 1974 and 
another of 556.2 MWe, which came into service in 1985 (EDP Energía, n.d.).  Both units can 
burn various fuels simultaneously; national and imported coal, heavy fuel oil and excess gases 
from the nearby steel factory's blast furnaces and coking ovens. Considering that the 
maximum heat demand is around 370 MW20, the older unit is deemed to be sufficient to cope 
with the heat demands of the city.  

 The power plant should be adapted to Cogeneration or Combined Heat and Power 
(CHP) in order to be capable of supplying heat to the district heating system. This adaptation 
would probably require a turbine replacement so that it would become an extraction-
condensing steam CHP plant. The extraction-condensing presents the advantage over back-
pressure as it allows to decouple, within some margins, heat and electricity production 
(Frederiksen & Werner, 2013).  

 In exchange for its refurbishment, the plant could benefit from a new source of income 
and possibly profit from the incentives to Cogeneration, which in 2013 accounted for 0.0723 
€/kWhe on average (Comisión Nacional de la Energia (CNE), 2013). However, due to the 
regulatory uncertainty, this factor will not be taken into consideration.   

 The estimation of this cost is highly uncertain, and will possibly be the cornerstone of 
the project. Other major outlays such as distribution costs are rather moderate as has been 
expounded before.  

 According to (Andrews et al., 2012), the adaptation of a coal power plant to CHP with 
district heating could be achieved with a cost of 270 €/kW. This is in line with the cost 
estimates for lifetime extensions of coal power plants, which would be 240 €/kW (Danish 
Energy Agency, 2016). Nonetheless, (Werner, 2017) has indicated that these figures might be 
excessive. Should the number suggested by Andrews et al. be taken, the transformation would 
prove to cost 98.7 million. Assuming the same interest rate as for the distribution network and 
a 30-year amortization period, the conversion of the heat power plant would represent an 
annual expense of 5.4 million Euros.    

 In addition, the conversion of the power plant would bring about a loss of revenue for 
the electric company due to the lower electrical efficiency. However, this loss would be 
limited, and it would lead to a price of heat around 0.0075 €/kWh21. 

 Another possibility, although far-fetched, would be to assume that a new plant, 
specifically designed for CHP with district heating, were to be built. In such a case, the income 
from the district heating system and the electric market would contribute to the amortization 
and the operation and maintenance of the plant. The model, adapted from (Frederiksen & 

20 For the determination of this number, the reader is referred to the annex, section 4.9. 
21 The determination of this figure is developed in the annex, section 4.10.  
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Werner, 2013) and shown in Equation ( 10 ), defines the basis for the allocation of expenses 
between the two products, heat and power.  

�𝑝𝑞 + 𝛼𝑝𝑒𝑙� − �
𝑏(1 + 𝛼)

𝜂
+
𝑎𝐼 + 𝐶𝑂&𝑀

𝑄
� = 0 ( 10 ) 

 

Where 

− 𝑝𝑞 is the price of heat 
− 𝑝𝑒𝑙  is the price of electricity 
− 𝛼 is the power-to-heat ratio, i.e. the ratio between the heat energy and the electricity 

produced 
− 𝑏 is the fuel cost 
− 𝜂 is the conversion efficiency 
− 𝑎 is the annuity 
− 𝐼 is the joint investment cost 
− 𝐶𝑂&𝑀  is the Operation and Maintenance cost 

 Taking some assumptions further developed in the annex22, it would be possible to 
reach the prices for heat depicted in Figure XXXI. It is clear that the refurbishment of the 
current plant would be much more economical. Given that it is more realistic, it will be the 
solution preferred for this project. On the other hand, the feasibility of a new plant would be 
highly influenced by its ability to attain a high capacity factor.  

 

Figure XXXI. Prices of heat for different possibilities.  

22 Section 4.11 
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2.4.2. Substations 

 Substations represent the interface between the district heating network and the 
consumers' hydronic systems. Given that central heating is not widespread within the Spanish 
dwelling stock, the majority of the units ought to be flat stations, ideally provided with 
instantaneous domestic hot water production. This solution presents a notable drawback since 
the specific cost is higher. Nevertheless, their advantages may outweigh this problem. They are 
capable of supplying domestic hot water and heating with lower heat losses, permit individual 
metering, reduce the risk of legionella growth and enable district heating networks to reduce 
supply and return temperatures, thus paving the way for the 4th Generation of District Heating 
(Averfalk & Werner, 2016; Lund et al., 2014; Yang, 2016). 

 An example of district heating substation from the Swedish manufacturer Alfa Laval is 
presented in Figure XXXII.  

  

Figure XXXII. Flat substation for heating and domestic hot water with indirect connections. Dr Sven Werner stands 
by the substation for the sake of size comparison.  

 Another aspect that shall be considered is the ownership of these devices. In 
Scandinavia, they can either belong to the consumer, leaving to it their adequate management 
or to the district heating company, in which case ancillary services may be provided  
(Frederiksen & Werner, 2013). However, as research has shown (Gadd, 2014) substation 
performance is undermined by plentiful flaws. Were the substations to be operated by the 
district heating company, it is reasonable to assume that they would be managed more 
professionally, enhancing their functioning. Furthermore, the district heating company could 
use identical or similar substations for all the consumers, achieving economies of scale. Finally, 
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these types of devices are unknown to the Spanish consumer, which would create significant 
difficulties if they had to be bought individually. All these considerations have led to the 
decision that the heat provider will assume the cost of district heating substations.     

 The Danish Energy Agency provides costs for substations. According to their latest 
report (Energi Styrelsen, 2012), individual substations for single home dwellings cost vary 
within the range 1500-3500 Euros, thereof, 70% is the cost of the equipment. In addition, 3000 
€ may be required for the branch pipe and meter, and they estimate 150 € for an annual 
check. They also indicate that the price might be reduced to 750 € for simpler designs. These 
prices are in line with what has been suggested by (Werner, 2017), who has indicated that the 
cost of substations including installation would be around 1000 Euros. Given the lower costs of 
Spanish labour in comparison to Denmark (50% less according to (European Commission, 
2017a)), and the decision to make the substations be managed by the district heating 
company, a value of 1500 Euros will be utilized. Another argument that supports this decision 
is the fact the Danish Agency provides a price of 5000 € for gas boilers, a value considerably 
higher than those found in the Spanish market23 (CYPE Ingenieros S.A., 2017; Gabinete Técnico 
Aparejadores Guadalajara, 2013). Considering a 20-year lifespan (Energi Styrelsen, 2012) and a 
3.5% interest rate, the annual cost of a flat substation would be 105 €.  

 In relation to larger consumers, the guidelines (COFELY (GDF SUEZ), 2012), proposed 
the prices shown in Figure XXXIII. According to this source, a 300 kW substation, which could 
substitute the current boiler of a 30 dwelling block located in nearby city of Oviedo (García 
Rodríguez, 2017), would have a cost of 22 000 €. Bearing in mind that such a block has a heat 
demand of 260 000 kWh24, the substation would represent a mere 0.6 euro cents per kWh. An 
example of a medium size substation is presented in Figure XXXIV. 

 

Figure XXXIII. Prices of large substations. Source: (COFELY (GDF SUEZ), 2012) 

23 Prices range from 1500 Euros to 2500 Euros.  
24 More information on this block is presented in the annex, section 4.3. 
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Figure XXXIV. Medium size substation at Building N of Halmstad University. 

2.4.3. Operation and Maintenance 

 Distribution maintenance costs are usually expressed as a ratio of initial investment 
costs and, according to (Frederiksen & Werner, 2013), experience indicates that they account 
for 1% of the initial investment annually. Therefore, these costs will be rather moderate and 
will only reach a euro cent per kWh for a penetration of 84%.  

2.5. Optimum penetration and unit cost of energy 

 The total specific cost consists of the sum of the different expenses, some of which are 
independent of the penetration rate, whilst others are heavily influenced by this factor. If only 
the latter, distribution, O&M and heat supply, are taken into account, it will be possible to 
determine the optimal expansion rate for the district heating system.  

 According to Figure XXXV, there is a wide range of penetration rates (35%-90%), for 
which the total unit cost is at an acceptable level. The lowest price, 0.0239 €/kWh, occurs 
when a penetration of 64% or 519 GWh is achieved. For such an expansion, if the variable cost 
of heat supply were added, the total cost would rise to 0.0314 €/kWh. Furthermore, the 
construction cost for the distribution network would amount to 110.5 Million Euros. If the 
power plant renovation is summed, the total cost would be 209.2 Million.    
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 Another key conclusion may be drawn from Figure XXXV; the district heating company 
should try to achieve a penetration rate of at least 30% rapidly in order to become competitive 
with alternative energy sources. Otherwise, it may succumb to the enormous burden imposed 
by the refurbishment of the power station.  

 

Figure XXXV. Total cost for the district heating system, excluding the variable heat cost.  

2.6. Sensitivity analysis 

 This section will investigate the influence of several variables that may affect the 
feasibility of the district heating system. These are: 

− Heat demand of dwellings 
− Heat density 
− Connection rate  
− Interest rate 
− Heat supply 

2.6.1. Heat demand of dwellings 

 The specific heat demands within the residential sector are rather low as it has been 
previously explained. This situation may arise from a lack of affordability of current energy 
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effect could take place. This rebound phenomenon would lead to a redesign of future 
developments so as to cope with the higher demands.  

 This section aims to tackle this issue although introducing some simplifications. It will 
be assumed that the network is built simultaneously and it is designed for a higher demand for 
dwellings from the beginning. The results of these assumptions are depicted in Figure XXXVI. 
The trend is evident in the specific cost of heat; the higher the heat demand from dwellings, 
the lower the specific cost will be, which is coherent with what was expounded in the 
introduction section about district heating systems. On the other hand, an increment of the 
residential heat demand has barely any effect on the optimal penetration rate.  

 

Figure XXXVI. Effect of different heat demands from dwellings.  

 

2.6.2. Heat demand 

 This section has a similar purpose to the previous one, although it has a broader focus. 
Given the uncertainties in relation to the heat demands, the effect of lower and higher values 
should be studied. 

 Figure XXXVII shows the heat price and the optimum penetration for different heat 
densities. The results are what could be expected from a qualitative assessment; costs increase 
with lower heat demands, although the difference is relatively moderate.  
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Figure XXXVII. Effect of variable heat demand.  

2.6.3. Connection rate 

 For a given expansion of the network, the district heating ought to seek the maximum 
connection rate, i.e. supplying all the consumers within the area of influence of the network 
already built. A lower connection rate would imply higher specific costs since the same 
investment should be allocated among less energy sold. Figure XXXVIII shows this problem, 
highlighting that connection rates below 60% could cause financial difficulties for the company 
if it wishes to remain competitive with alternative energy sources.  

 

Figure XXXVIII. Unit cost for different connection rates at a penetration of 64%. 
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2.6.4. Heat supply 

 The consequences of different costs for the heat supply shall be examined. These 
different costs may arise from a more difficult transformation of the power plant or, on the 
contrary, a cheaper refurbishment. The outcomes of different refurbishment costs have been 
presented in Figure XXXIX it. For instance, if the cost halved, the specific cost of heat would 
drop below two euro cents, and the optimum would be achieved for a lower penetration. 
Conversely, if the conversion outlays increased, the specific cost and the optimum penetration 
would rise as well. In any case, it can be concluded that the influence of this expense is 
moderate as long as the optimum penetration is reached.  

 

Figure XXXIX. Effects of the conversion cost of the power plant.  

2.6.5. Interest rate 

 The implementation of a district heating system is capital intensive and the majority of 
the expenditure takes places at the beginning of the infraestructure. In fact, solely the 
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the pumping station, occur during the operation time of the infrastructure. Therefore, the cost 
of capital will have a paramount influence on the viability of the system. This section will try to 
analyse this issue although with some limitations; the interest rate will be kept constant 
throughout all the amortization period and the cost of construction will remain unchanged as 
well. 
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is illustrated in Figure XXXVII.. It is clear that the district heating company should try to obtain 

0% 

10% 

20% 

30% 

40% 

50% 

60% 

70% 

80% 

0,000 

0,005 

0,010 

0,015 

0,020 

0,025 

0,030 

0,035 

0,040 

50% 75% 100% 125% 150% 175% 200% 

O
pt

im
al

 p
en

et
ra

tio
n 

€/
kW

h 

Cost ratio 

Energy cost Optimal 

 
 51 



 
 
 
 

Dissertation in Engineering Energy  
Luis Sánchez García 

the lowest interest rate since it would improve both the company's performace and the 
consumers' economy.  

  

 

Figure XL. Effect of the interest rate on the heat price. Substations cost excluded.  

2.6.6. Summary 

 The influence of several parameters on the cost of the district heating system has been 
examined. The main conclusions that can be extracted from this analysis are the limited impact 
of different heat densities or the cost of the plant refurbishment. The interest rate has a higher 
influence, and undoubtedly the biggest impact is exerted by the connection rate; the company 
ought to seek a 100% connection rate by whatsoever means.  

2.7. Comparison with alternative energy sources 
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households (Instituto para la Diversificación y Ahorro de la Energía (IDAE), 2011a) identified 
natural gas, heating oil, electricity and Liquefied Petroleum Gasses (LPG hereafter) as the main 
energy sources for heat supply in Spanish flats. Unfortunately, the former study does not 
disaggregate for flats located in the Atlantic region. The study conducted by the National 
Institute of Statistics (INE) in 2008 (Instituto Nacional de Estadística (INE), 2009) reveals that 
natural gas followed by electricity are the dominant sources in the region of Asturias for all 
dwellings. This is also suggested by the personal experience of the author. The lower 
prevalence of diesel in comparison to the national average might be explained by the fact that 
central heating, which is the only purpose of heating oil in flats, is less frequent in the northern 
area than in central Spain, a point which is implicitly stated in IDAE's 2011 study.   

 On the other hand, due to the lack of data some assumptions shall be taken. First of 
all, only energy costs will be taken into account and other outlays associated with heat supply 
such as maintenance or initial investments connected to boiler purchase will be discarded. This 
situation is favourable to the current status quo and supposes acquisition expenditures as sunk 
costs. Secondly, it will be assumed that all flats have the same consumption regardless of their 
source of energy. Finally, only domestic consumers will be assessed due to the lack of accurate 
data for energy prices for commercial customers since markets were liberalised. The results, 
however, will be applicable to other consumers to a certain extent.  

Natural gas 

 Natural gas provides nearly half the energy needs for heating, and approximately 70% 
of the energy demanded for DHW in flats (Instituto para la Diversificación y Ahorro de la 
Energía (IDAE), 2011a). Its prices have followed similar trends to other European countries and 
have followed approximately the variations of petroleum in international markets (European 
Commission, 2017a).  

 The Spanish rate structure in the regulated market (TUR or "Tarifa de Último Recurso") 
distinguishes two possibilities for small consumers depending on consumption (Spain, 2007a, 
2007b)  (consumers may choose the so-called free market; however, prices in the regulated 
market have consistently been lower). 

− TUR.1 Consumption < 5 000 kWh/annum 
− TUR.2 Consumption ∈ (5 000, 50 000) kWh/annum 

 Generally speaking, TUR.2 presents a lower energy price but higher fixed fee compared 
to TUR.1.  

 Given that the average heat demand of flats is 3 750 kWh (Instituto para la 
Diversificación y Ahorro de la Energía (IDAE), 2011a), only TUR.1 will be addressed. These 
prices have been depicted in Figure XLI. Due to the effect of inflation, the previous figures 
should not be considered without further analysis. In order to do so, this phenomenon has 
been accounted for by means of the Consumer Price Index elaborated by the National Institute 
of Statistics. The results are shown in Figure XLII. 
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Figure XLI. Spain natural gas prices for small consumers. Note: Excise tax on fuel included but VAT excluded. 
Source: (Spain, n.d.). 25  

 

Figure XLII. Spain natural gas prices for small consumers in 2017 Euros. Sources: (Instituto Nacional de Estadística 
(INE), 2017; Spain, n.d.).26  

25 Note: for the sake of simplicity this citation refers to the Official Gazette website. Otherwise, 65 
different issues should be mentioned. A similar comment applies to other energy prices wherein the 
Official Gazette is the source of information.    
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 The main conclusion from Figure XLII is that both fees have remained relatively stable 
over the last 25 years. The variable fee, associated with energy consumption, has ranged from 
0.047 €/kWh to 0.066 €/kWh27. An average of 0.055 €/kWh will be considered. On the other 
hand, the fixed monthly fee soared in 2009 when it reached 4.282 €/month but it has been 
roughly flat ever since. A mean value of 4.343 €/month, average for the period 2009-2017, will 
be utilized. 

 𝑇𝑜𝑡𝑎𝑙 𝑎𝑛𝑛𝑢𝑎𝑙 𝑐𝑜𝑠𝑡 = 4.343 €/𝑚𝑜𝑛𝑡ℎ · 12 𝑚𝑜𝑛𝑡ℎ + 0.055 €/𝑘𝑊ℎ · 3 750 𝑘𝑊ℎ =
258 € 

Heating oil 

 Heating oil is the second most common energy source at a national level as formerly 
summarized. Nevertheless, in flats its use its restricted to those buildings with central heating. 
Furthermore, its consumption has experienced a steady fall (Corporación de Reservas 
Estratégicas de Productos Petrolíferos (CORES), 2017) as heating oil boilers are progressively 
being phased out due to its higher cost than natural gas. Prices have followed a different trend 
from that experienced in natural gas as it can be appreciated in Figure XLIII. Due to its much 
higher variability, a decision on using a given price is bound to be fraught with danger. Having 
said that, an average price of 0.066 €/kWh for the period 2006-2017 will be used. 

 

Figure XLIII. Heating oil prices in January of 2017 Euros. Note: all excise tax included but VAT excluded. Sources: 
(Asociación Técnica Española de Climatización y Refrigeración (ATECYR) & Instituto para la Diversificación y el 
Ahorro de la Energía (IDAE), 2007; European Commission, 2017b; Instituto Nacional de Estadística (INE), 2017).28. 

26 Note: the National Institute of Statistics provides the IPC (Spanish for CPI) in different series with 
different base years. In order to obtain one series for the period 1961-2017, they were joined thanks to 
the income updater available at the Institute's website. 
27 Note: All prices utilized for comparison between different energy sources are expressed in January of 
2017 Euros.  
28 Note: Prices per unit of volume have been converted to prices per unit of energy using the lower 
heating value provided by (Asociación Técnica Española de Climatización y Refrigeración (ATECYR) & 
Instituto para la Diversificación y el Ahorro de la Energía (IDAE), 2007) 
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𝑇𝑜𝑡𝑎𝑙 𝑎𝑛𝑛𝑢𝑎𝑙 𝑐𝑜𝑠𝑡 = 0.066 €/𝑘𝑊ℎ · 3 750 𝑘𝑊ℎ = 248 € 

Electricity 

 Electricity is one of the main energy sources especially for domestic hot water 
preparation (Instituto para la Diversificación y Ahorro de la Energía (IDAE), 2011a). Prices for 
electricity in Spain are composed of two fees since the early 1970s (Gómez Mendoza, Sudrià i 
Triay, & Pueyo, 2007). The fixed fee depends on the maximum power that the customer can 
use (traditionally, 2.3 kW, 3.45 kW, 4.6 kW or 5.75 kW for 230 V), whereas the variable fee is 
associated with the energy consumed. The relative weight of both fees has varied widely 
during the last decade, as it can be seen in Figure XLIV. 

 

 

Figure XLIV. Prices of electricity in Spain. Prices of the regulated market. Excise tax on electricity included and VAT 
excluded.  Sources: (Comisión Nacional de los Mercados y la Competencia (CNMC), n.d.; Spain, n.d.).29  

 

29 Notes: Prices after April/2014 have been taken from CNMC's website using monthly averages. It must 
be noted that these prices are merely illustrative given that, since 2014 consumer prices in the regulated 
market are indexed to the wholesale market provided that the consumer counts on smart meters 
(Spain, 2014b). Otherwise, and on condition that the consumer is in the regulated market, its actual 
prices coincide with those here presented. Prices after April/2014 have also been modified following 
(Spain, 2016a, 2016b) after Supreme Court ruling of 3rd of November of 2015. 
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Figure XLV. Prices of electricity in Spain in January of 2017 Euros. Sources: (Comisión Nacional de los Mercados y 
la Competencia (CNMC), n.d.; Instituto Nacional de Estadística (INE), 2017; Spain, n.d.). 

 

 From Figure XLIV and Figure XLV, it is clear that the same problem present in Heating 
Oil also arises here, even more acutely. Prices have ranged from 0.096 €/kWh to 0.184 €/kWh 
in the period 2008-2017. With this in mind, an average price of 0.013 €/kWh will be chosen. 
The fixed fee will not be taken into account because it must be paid in any case.  

𝑇𝑜𝑡𝑎𝑙 𝑎𝑛𝑛𝑢𝑎𝑙 𝑐𝑜𝑠𝑡 =  0.130 €/𝑘𝑊ℎ · 3 750 𝑘𝑊ℎ = 488 €  

 

Liquefied Petroleum Gases 

 Bottled LPG is still widespread, and it appears as one of the most common energy 
sources although its popularity has been falling in the latter years (Corporación de Reservas 
Estratégicas de Productos Petrolíferos (CORES), 2017). Its price is regulated for those bottles 
with a capacity between 8 and 20 kg and a tare higher than 9 kg (Spain, 2014a) although there 
exists plentiful anecdotal evidence that consumers are charged higher amounts than those 
legally established for home delivery (Arenas, 2016; Cordero, 2015; Verdú, 2016). 
Nevertheless, the official price will be employed.  
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Figure XLVI. Prices of Liquefied Petroleum Gas. Sources: (Asociación Técnica Española de Climatización y 
Refrigeración (ATECYR) & Instituto para la Diversificación y el Ahorro de la Energía (IDAE), 2007; Spain, n.d.).30  

 

 

Figure XLVII. Prices of LPG in January of 2017 Euros. Sources: (Asociación Técnica Española de Climatización y 
Refrigeración (ATECYR) & Instituto para la Diversificación y el Ahorro de la Energía (IDAE), 2007; Instituto 
Nacional de Estadística (INE), 2017; Spain, n.d.) 

30 Notes: Prices per unit of mass have been converted into prices per unit of energy using the lower 
calorific heat of 12.72 kWh/kg according to (Asociación Técnica Española de Climatización y 
Refrigeración (ATECYR) & Instituto para la Diversificación y el Ahorro de la Energía (IDAE), 2007). 
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  Similarly to heating oil, LPG price has generally risen, although it presents many 
fluctuations. The same period used for heating oil will be utilized here. This interval renders an 
average price of 0.077 €/kWh. 

𝑇𝑜𝑡𝑎𝑙 𝑎𝑛𝑛𝑢𝑎𝑙 𝑐𝑜𝑠𝑡 =  0.077 €/𝑘𝑊ℎ · 3 750 𝑘𝑊ℎ = 289 € 

District heating 

 In section 2.5 it was determined the unit cost of heat for the district heating, which 
turned out to be 0.0314 €/kWh. Moreover, section 2.4.2 indicated that the annual cost of a 
district heating substation would be 105 €. Once both datasets are known and considering the 
annual demand for a flat, the total annual cost would be 223 €.    

𝑇𝑜𝑡𝑎𝑙 𝑎𝑛𝑛𝑢𝑎𝑙 𝑐𝑜𝑠𝑡 =  0.031 €/𝑘𝑊ℎ · 3 750 𝑘𝑊ℎ + 105 € = 223 € 

Comparison 

 In Table X all costs previously calculated have been summarized and compared with 
District Heating.  

Table X. Comparison of different energy sources with District Heating.  

Source Cost (€) Difference (€) Difference with VAT 31 (€) 

Natural Gas 258 + 35 + 42 € 

Heating Oil 248 + 25 + 30 € 

Electricity 488 + 265 + 321 € 

LPG 289 + 66 + 80 € 

District Heating 223 

  

 Table X and Figure XLVIII depict the costs of the different solutions. It is evident that 
the district heating source would provide a cheaper source of heat. Furthermore, these costs 
are biased against district heating since its value incorporates all the expenses the client needs 
to cover whereas the other sources exclude the concomitant outlays, boiler purchase and 
maintenance. Thus, district heating could be even a more competitive solution than the other 
energy sources.  

 However, the previous comparison might be misleading since it might be argued that it 
is unlikely all consumers have the same demand regardless of their energy source. It is likely 
that citizens with lower energy demands opted for sources with null fixed costs such as 

31 A VAT of 21% has been considered according to (Spain, 2012) 
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electricity or LPG, whereas consumers with higher demands preferred natural gas that 
presents lower variable costs. Furthermore, buildings with heating oil and central heating are 
likely to have higher consumptions. Figure XLIX intends to shed some light on this issue 
although the price for district heating is merely approximate since the actual weight of the 
fixed and variable fees will depend entirely on the commercial policy of the company. In any 
case, district heating is likely to be highly competitive for most customers. 

 

Figure XLVIII. Total energy cost for different energy sources (3 750 kWh). Note: VAT included.  

 

Figure XLIX. Costs of different sources of energy. VAT included. 
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2.7.2. Overall economy 

 The impact of this infrastructure will be minimal in the overall economy of Spain given 
its size. Nevertheless, it will be a pioneer, and certainly, it will pave the way for the ulterior 
expansion of district heating systems. This development will result in a diminution of carbon 
dioxide and other harmful emissions along with a reduction in the primary energy 
consumption of the country. This last matter could be crucial to improve the trade balance and 
definitely enhance the competitiveness of the Spanish economy and the wellbeing of its 
citizens.   
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3. Conclusions and discussion  

 The city of Gijón is characterized by its high population density, much higher than its 
European counterparts. This feature compensates the relatively low specific heat demands, 
resulting in fairly high energy densities, similar to those of Scandinavian countries, where 
District Heating networks have long played a key role in the heat sector. These high heat 
densities would allow implementing a district heating system with low distribution expenses, 
even after considering Swedish construction costs. Furthermore, the specific heat losses of the 
system would be very small if Scandinavian state-of-the-art technology were utilized. Finally, 
the municipality has access to a virtually inexhaustible excess heat source. 

 The construction of the distribution network and the transformation of the Aboño 
power plant would have a cost estimated around 200 million to be amortized over a period of 
thirty years. The resulting specific heat prize would be around three euro cents per kWh, lower 
than conventional sources. This value shows that the district heating scheme would be a 
feasible option from an economic standpoint. 

 Another virtue of the development of this project would be the positive effect on the 
city's economy. The construction and operation of the district heating system would displace 
foreign sources, substituting them for a local heat source. This would have a positive effect on 
employment and it would also increase the disposable income of citizens and businesses. 
Moreover, it would isolate customers from the fluctuations of prices in the international 
energy markets, creating a constant price energy source.  

 Additionally, the implementation of a district heating system would have further 
benefits beyond the purely economic ones. It would completely eliminate the emissions of 
carbon dioxide, contributing to the efforts to tackle climate change. No other measure has the 
potential to reduce greenhouse gas emissions so drastically and with such a cost. Furthermore, 
it would also remove the pollution from nitrogen or sulphur oxides and particles, improving 
the health of the inhabitants of the city.  

3.1. Further work 

 This study has had to overcome some limitations regarding data availability and had to 
take various assumptions and educated guesses. Therefore, this feasibility study would be 
radically improved if better data were accessible.   

 The first aspect that should draw the attention of further research would be the 
verification of the Cadastre's accuracy in relation to both the built areas and the uses of each 
area. The evaluation of various buildings by this author has raised doubts since the uses of 
different areas are not always precisely reported.  

 Furthermore, a deep investigation on the demands of the different uses should be 
conducted. For example, the influence of income and energy source on residential heat 
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demand  is unknown and it would be of great interest to know the location of buildings with 
central heating. These investigations are even more indispensable in the service sector, where, 
in general, anecdotal evidence had to be employed due to the lack of comprehensive studies. 
An exhaustive gathering of data ought to be performed. The results from these investigations 
would also benefit other endeavours in the region or beyond.  

 In addition, a feasibility study would be more realistic if costs for the different 
components of the system were available for the Spanish market. This issue includes the 
construction cost of the pipe network and the purchase of substations.     

 One important question revolves around the matter of heat supply. It should be 
technically and economically assessed with a greater depth than this dissertation whether the 
refurbishment of the power plant is viable. Moreover, the other two options that were not 
considered within this project should be explored; the steel and cement factories could 
provide backup for the power plant or the required capacity for peak load.  

 Finally, the procedure established in this dissertation could be employed elsewhere; 
the largest urban areas of Asturias, Oviedo and Avilés, or the Coal Basin  present similar 
characteristics to Gijón and also have excess heat sources that could be employed to cover the 
heat demands of its inhabitants.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 63 



 
 
 
 

Dissertation in Engineering Energy  
Luis Sánchez García 

4. Annex 

 The aim of this annex is to present some ancillary information that was deemed 
unsuitable for the main report.  

4.1. Calculation of Heating index for the city of Gijón 

 The calculation of the Heating Index has followed the guidelines provided by (Werner, 
2004).  

 Firstly, hourly temperature values for the years 2013-2016 were gathered from 
(Raspisaniye Pogodi Ltd, 2017). Since data was not provided for the city under study, the 
regional airport, which is located 30 km from the city but also on the coast, was chosen 
instead. An example of hourly temperatures is provided in Figure L. From these hourly 
temperatures, daily averages were assessed with a rather simple algorithm which uses a 
variation of the rectangle method. The algorithm had been written prior to this dissertation 
and, due to time constraints, it was not considered worth it to enhance it. Daily averages for a 
selected month are presented in Figure LI. 

 

 Figure L. Hourly temperatures during the 26th and 27th of September of 2012 in the Airport of Asturias. Source: 
(Raspisaniye Pogodi Ltd, 2017). 
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Figure LI. Daily averages of October of 2012 in the airport of Asturias.  

 Once daily averages were attained, the number of degree-days for each month were 
determined using a threshold temperature of 13° and an effective indoor temperature of 17°C. 
This method is outlined in Equation ( 11 ). In Table XI it is presented the degree-days of the 
period 2013-2016. The heating index was obtained thanks to Equation ( 12 ) using an average 
degree-days value of 1 190. 

𝐷𝑒𝑔𝑟𝑒𝑒 − 𝑑𝑎𝑦 = ��𝑇𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝑖𝑛𝑑𝑜𝑜𝑟 − 𝑇𝑑𝑎𝑖𝑙𝑦 𝑎𝑣𝑒𝑟𝑎𝑔𝑒𝑖
�

365

𝑖=1

 𝑖𝑓 𝑇𝑑𝑎𝑖𝑙𝑦 𝑎𝑣𝑒𝑟𝑎𝑔𝑒𝑖
<  𝑇𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑  ( 11 ) 

 

Year Degree-days 
2013 1 385 
2014 1 120 
2015 1 073 
2016 1 181 

Table XI. Annual degree days for the Airport of Asturias.  

𝐻𝑒𝑎𝑡𝑖𝑛𝑔 𝐼𝑛𝑑𝑒𝑥 = 100�
1 190
2 600

= 68 ( 12 ) 

 

 With regard to data reliability, unfortunately, it was impossible to access to official 
sources. Therefore, (Raspisaniye Pogodi Ltd, 2017) was utilized. This website states that 
"Information on the actual weather comes from the server of international data exchange, 
NOAA, the United States, in SYNOP and METAR formats", but this extent has not been possible 
to confirm by this author. Nevertheless, monthly averages obtained from these values seem 
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rather plausible when compared to Aemet's monthly averages for the same location (Agencia 
Estatal de Meteorología (Aemet), n.d.-a) as it is portrayed in Figure LII. 

 

Figure LII. Comparison of calculated monthly averages with Aemet's values. Source: (Agencia Estatal de 
Meteorología (Aemet), n.d.-a) 

4.2. Uses of constructions 

 This section shows the different typologies and purposes utilized by the Cadastre, the 
permutations present in Gijón, along with the grouping applied. Further information about 
these categorizations can be found in (Dirección General del Catastro, 2016; Spain, 1993).  

4.2.1. Typologies 
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colectivas de carácter 
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1.1.1 edificación abierta 
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2.2 garajes y 
aparcamientos 

2.2.1 garajes 
2.2.2 aparcamientos 

2.3 servicios de 
transporte 

2.3.1 estaciones de servicio 
2.3.2 estaciones 

3.1 edificio exclusivo 
3.1.1 oficinas multiples 
3.1.2 oficinas unitarias 

3.2 edificio mixto 
3.2.1 unido a viviendas 
3.2.2 unido a industria 

3.3 banca y seguros 
3.3.1 en edificio exclusivo 
3.3.2 en edificio mixto 

4.1 comercios en 
edificio mixto 

4.1.1 locales comerciales y talleres 
4.1.2 galerías comerciales 

4.2 comercios en 
edificio exclusivo 

4.2.1 en una planta 
4.2.2 en varias plantas 

4.3 mercados y 
supermercados 

4.3.1 mercados 
4.3.2 hipermercados y supermercados 

5.1 cubiertos 
5.1.1 deportes varios 
5.1.2 piscinas 

5.2 descubiertos 
5.2.1 deportes varios 
5.2.2 piscinas 

5.3 auxiliares 5.3.1 vestuarios, depuradoras, calefacción, 
etc. 

5.4 espectáculos 
deportivos 

5.4.1 estadios, plazas de toros 
5.4.2 hipódromos, canódromos, velódromos,etc. 

6.1 varios bares 
musicales 

6.1.1 cubiertos 
6.1.2 descubiertos 

6.2 salas de fiestas 
discotecas 

6.2.1 en edificio exclusivo 
6.2.2 unido a otros usos 

6.3 cines y teatros 
6.3.1 cines 
6.3.2 teatros 

7.1 con residencia 
7.1.1 hoteles, hostales, moteles 
7.1.2 aparthoteles, bungalows 

7.2 sin residencia 
7.2.1 restaurantes 
7.2.2 bares y cafeterías 

7.3 exposiciones y 
reuniones 

7.3.1 casinos y clubs sociales 
7.3.2 exposiciones y congresos 

8.1 sanitarios con 
camas 

8.1.1 sanatorios y clinicas 
8.1.2 hospitales 

8.2 sanitarios varios 
8.2.1 ambulatorios y consultorios 
8.2.2 balnearios, casas de baños 

8.3 benéficos y 
asistencia 

8.3.1 con residencia (asilos, residencias, etc.) 
8.3.2 sin residencia (comedores, clubs, guarderías,etc.) 

9.1 culturales con 
residencia 

9.1.1 internados 
9.1.2 colegios mayores 
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9.2 culturales sin 
residencia 

9.2.1 facultades, colegios, escuelas 
9.2.2 bibliotecas y museos 

9.3 religiosos 
9.3.1 conventos y centros parroquiales 
9.3.2 iglesias y capillas 

10.1 histórico-artístico 
10.1.1 monumentales 
10.1.2 ambientales o típicos 

10.2 de carácter oficial 
10.2.1 administrativos 
10.2.2 representativos 

10.3 de carácter 
especial 

10.3.1 penitenciarios, militares y varios 
10.3.2 obras urbanización interior 
10.3.3 campings 
10.3.4 campos de golf 
10.3.5 jardinería 
10.3.6 silos y depósitos para sólidos (m/3) 
10.3.7 depósitos líquidos (m/3) 
10.3.8 depósitos gases (m/3) 

 

4.2.2. Purposes 

Code Use Code Use Code Use 
A Almacenamiento GS2 Hostal p 2E PAD Audiencia 
AAL Almacén GS3 Hostal p 3E PAE Ayto. +20.000 hab 
AAP Aparcamiento GTL Colonias Lujo PCB Cabildo 
AAV Aparcamiento Viv. GT1 Colonias Lujo 1C PDL Delegación 
AES Estación GT2 Colonias Lujo 2C PGB Gobierno 
BCR Caseta riego GT3 Colonias Lujo 3C PJA Juzgado Comarcal 
BCT Caseta transform. I Industria PJO Juzgado provincial 
BIG Inst. ganaderas IAG Agropecuaria R Religioso 
C Comercio IAL Alimentación RBS Basílica 
CAT Automóviles IAR Agrícola RCP Capilla 
CBZ Bazar IBB Bebida RCT Catedral 
CCE Menor no Diferencia. IBR Barro RER Ermita 
CCL Calzado ICN Construcción RPR Parroquia 
CCR Carnicería ICT Canteras RSN Santuario 

CDM Personal o 
Domestico IEL Electricidad T Espectáculos 

CDR Droguería IIM Química TAD Auditorio 
CFN Financieros IMD Madera TCM Cine 
CFR Farmacia IMN Manufacturada TCN Cine no decorado 
CFT Fontanería IMT Metálica TSL Sala Múltiple 
CGL Galerías IMU Maquinaria TTT Teatro 
CIM Imprenta IPL Plásticos V Sin uso detallado 
CJY Joyería IPP Papel Y Otros Usos 
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Code Use Code Use Code Use 
CLB Librería IPS Pesca YAM Ambulatorio 
CMB Muebles IPT Petróleo YCA Casino 20.000h. 
CPA Por Mayor ITB Tabaco YCB Club 
CPR Perfumería ITX Textil YCE Casino +20.000h. 
CRL Relojería IVD Vidrio YCL Clínica 
CSP Supermercado JAM Almazaras YDG Depósitos de gases 
CTJ Tejidos JAS Aserraderos YDL Dep. liquid, tanques 
E Enseñanza JBD Bodegas YDS Dispensario 
EBL Biblioteca JCH Campiñoneras YGR Guardería 
EBS Básica JGR Granjas YHG Higiene 
ECL Casa Cultura JIN Invernaderos YHS Hospital 
EIN Instituto K Deportivo YJD Jardín priv 100% 

EMS Museo KDP Deporte YOU Obras Urban 
Interior 

EPR Profesional KES Estadio YPO Porche 100% 
EUN Universidad KPL Polideportivo YRS Residencia 
G Hotel KPS Piscina YSA Sindicato Local 
GC1 Café 1T M Suelo sin edificar YSC Socorro 
GC2 Café 2T O Oficina YSL Silos, dep. solid 
GC3 Café 3T O02 Prof. Superior YSN Sanatorio 
GC4 Café 4T O03 Prof. Medio YSO Sindicato Prov. 
GC5 Café 5T O06 Medicos,Abogados... YSP Soportal 50% 
GH1 Hotel 1E O07 ATS , Similares YTD Terraza desc 100% 

GH2 Hotel 2E O11 Profesores Mercant. YTZ Terraza cubta. 
100% 

GH3 Hotel 3E O13 Prof. Univertarios ZBE Balsas, estanques 
GH4 Hotel 4E O15 Escritores ZCT Canteras 
GH5 Hotel 5E O16 Artes Plásticas ZDE Depuradoras 
GPL Apt. Bloq. Lujo O17 Músicos ZDG Depósitos de gases 
GP1 Apt. Bloq. Lujo 1C O43 Vendedores y viaj. ZDL Dep. liquid, tanques 
GP2 Apt. Bloq. Lujo 2C O44 Agentes ZGV Graveras 
GP3 Apt. Bloq. Lujo 3C O75 Tejedores ZMA Minas cielo abto. 
GR1 Restaurante 1T O79 Sastres ZME Muelles y embarc. 
GR2 Restaurante 2T O81 Carpinteros ZPC Piscifact., cetareas 
GR3 Restaurante 3T O88 Joyeros ZSL Silos, dep. solid. 
GR4 Restaurante 4T O99 Otras activ. ZVR Vertederos 
GR5 Restaurante 5T P Público 

  
GS1 Hostal p 1E PAA Ayto. 20.000 hab 
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4.2.3. Grouping 

Purpose Typology Use Purpose Typology Use Purpose Typology Use 
AAP 0.0.0 1 O 2.1.3 4 T 6.2.1 9 
M 0.0.0 1 O99 2.1.3 4 TSL 6.2.1 9 
V 0.0.0 1 V 2.1.3 40 YCB 6.2.1 9 
A 1.1.1 1 Y 2.1.3 40 YGR 6.2.1 15 
AAL 1.1.1 1 YHG 2.1.3 40 EMS 6.2.2 15 
V 1.1.1 2 YPO 2.1.3 40 G 6.2.2 10 
Y 1.1.1 1 YRS 2.1.3 14 GC1 6.2.2 11 
YSP 1.1.1 1 YSP 2.1.3 40 T 6.2.2 9 
A 1.1.2 1 AAL 2.2.1 40 TSL 6.2.2 9 
AAL 1.1.2 1 AAP 2.2.1 40 YCB 6.2.2 11 
AAP 1.1.2 1 IMT 2.2.1 30 YCE 6.2.2 11 
C 1.1.2 5 AAL 2.2.2 40 TCM 6.3.1 9 
CCE 1.1.2 5 AAP 2.2.2 40 YCE 6.3.1 11 
CTJ 1.1.2 5 O99 2.2.2 4 AAL 6.3.2 1 
ECL 1.1.2 15 AAL 2.3.1 40 T 6.3.2 9 
EPR 1.1.2 16 AAP 2.3.1 40 TTT 6.3.2 9 
GC1 1.1.2 11 AES 2.3.1 39 YCB 6.3.2 9 
GH2 1.1.2 10 BIG 2.3.1 19 CCE 7.1.1 5 
GR1 1.1.2 11 CCE 2.3.1 5 G 7.1.1 10 
GS1 1.1.2 10 IPT 2.3.1 39 GC1 7.1.1 11 
IMT 1.1.2 30 Y 2.3.1 39 GC4 7.1.1 11 
M 1.1.2 1 YPO 2.3.1 40 GH1 7.1.1 10 
O 1.1.2 4 AAL 2.3.2 40 GH2 7.1.1 10 
O02 1.1.2 4 AES 2.3.2 39 GH3 7.1.1 10 
O06 1.1.2 4 YDL 2.3.2 40 GH4 7.1.1 10 
O07 1.1.2 4 YOU 2.3.2 40 GR1 7.1.1 11 
O16 1.1.2 4 YSP 2.3.2 40 GR2 7.1.1 11 
O44 1.1.2 4 CFN 3.1.1 5 GS1 7.1.1 10 
O79 1.1.2 4 O 3.1.1 4 GS2 7.1.1 10 
O99 1.1.2 4 O02 3.1.1 4 YPO 7.1.1 1 
RPR 1.1.2 15 O03 3.1.1 4 G 7.1.2 10 
V 1.1.2 2 O06 3.1.1 4 GH2 7.1.2 10 
Y 1.1.2 1 O16 3.1.1 4 G 7.2.1 11 
YCB 1.1.2 11 O44 3.1.1 4 GC1 7.2.1 11 
YCL 1.1.2 13 O99 3.1.1 4 GC2 7.2.1 11 
YGR 1.1.2 15 Y 3.1.1 4 GC3 7.2.1 11 
YPO 1.1.2 1 YCL 3.1.1 4 GH2 7.2.1 11 
YRS 1.1.2 14 E 3.1.2 15 GH4 7.2.1 11 
A 1.1.3 1 O 3.1.2 4 GR1 7.2.1 11 
AAL 1.1.3 1 O02 3.1.2 4 GR2 7.2.1 11 
AAP 1.1.3 1 O06 3.1.2 4 GR3 7.2.1 11 
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Purpose Typology Use Purpose Typology Use Purpose Typology Use 
C 1.1.3 5 O99 3.1.2 4 GR4 7.2.1 11 
CCE 1.1.3 5 P 3.1.2 16 GR5 7.2.1 11 
CFN 1.1.3 5 AAL 3.2.1 1 YCB 7.2.1 11 
CMB 1.1.3 5 BIG 3.2.1 19 AAL 7.2.2 1 
CTJ 1.1.3 5 C 3.2.1 5 C 7.2.2 5 
EBS 1.1.3 16 CCE 3.2.1 5 CCE 7.2.2 5 
GC1 1.1.3 11 CFN 3.2.1 5 CRL 7.2.2 5 
IEL 1.1.3 26 E 3.2.1 15 CTJ 7.2.2 5 
O 1.1.3 4 EPR 3.2.1 15 G 7.2.2 11 
O44 1.1.3 4 O 3.2.1 4 GC1 7.2.2 11 
V 1.1.3 1 O02 3.2.1 4 GC2 7.2.2 11 
Y 1.1.3 1 O03 3.2.1 4 GC3 7.2.2 11 
YCB 1.1.3 11 O06 3.2.1 4 GC4 7.2.2 11 
YPO 1.1.3 1 O07 3.2.1 4 GH1 7.2.2 11 
YRS 1.1.3 14 O11 3.2.1 4 GH2 7.2.2 11 
YSP 1.1.3 1 O16 3.2.1 4 GR1 7.2.2 11 
AAL 1.2.1 1 O17 3.2.1 4 GR2 7.2.2 11 
AAP 1.2.1 1 O43 3.2.1 4 GR3 7.2.2 11 
BIG 1.2.1 19 O44 3.2.1 4 GR5 7.2.2 11 
GC1 1.2.1 11 O75 3.2.1 4 O99 7.2.2 11 
KPS 1.2.1 7 O79 3.2.1 4 V 7.2.2 11 
V 1.2.1 3 O88 3.2.1 4 Y 7.2.2 11 
YDL 1.2.1 18 O99 3.2.1 4 YCB 7.2.2 11 
YGR 1.2.1 15 V 3.2.1 4 AAL 7.3.1 1 
YPO 1.2.1 1 Y 3.2.1 4 C 7.3.1 5 
YSP 1.2.1 1 YCB 3.2.1 11 ECL 7.3.1 15 
YTZ 1.2.1 1 YCL 3.2.1 13 GC1 7.3.1 11 
AAL 1.2.2 1 YHG 3.2.1 13 Y 7.3.1 15 
BIG 1.2.2 19 YSA 3.2.1 4 YCA 7.3.1 11 
V 1.2.2 3 AAL 3.2.2 40 YCB 7.3.1 11 
YPO 1.2.2 1 CCE 3.2.2 5 YCE 7.3.1 11 
A 1.2.3 1 CFN 3.2.2 5 AAL 7.3.2 1 
AAL 1.2.3 1 E 3.2.2 15 G 7.3.2 11 
AAP 1.2.3 1 IMN 3.2.2 29 GC1 7.3.2 11 
BCT 1.2.3 1 O 3.2.2 4 Y 7.3.2 11 
BIG 1.2.3 19 O16 3.2.2 4 YHG 7.3.2 11 
C 1.2.3 5 O99 3.2.2 4 YCL 8.1.1 13 
IEL 1.2.3 26 Y 3.2.2 4 YRS 8.1.1 12 
JCH 1.2.3 18 CFN 3.3.1 5 YSN 8.1.1 12 
V 1.2.3 3 O44 3.3.1 4 Y 8.1.2 12 
Y 1.2.3 1 AAL 3.3.2 1 YHS 8.1.2 12 
YOU 1.2.3 1 C 3.3.2 5 YRS 8.1.2 12 
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Purpose Typology Use Purpose Typology Use Purpose Typology Use 
YPO 1.2.3 1 CCE 3.3.2 5 C 8.2.1 5 
YSP 1.2.3 1 CFN 3.3.2 5 Y 8.2.1 13 
YTZ 1.2.3 1 GR1 3.3.2 11 YAM 8.2.1 13 
AAL 1.3.1 1 O 3.3.2 4 YCL 8.2.1 13 
BIG 1.3.1 19 O44 3.3.2 4 YDS 8.2.1 13 
V 1.3.1 3 O99 3.3.2 4 YHS 8.2.1 12 
AAL 1.3.2 40 Y 3.3.2 5 YRS 8.2.1 12 
AAP 1.3.2 40 YCL 3.3.2 13 YSC 8.2.1 13 
BIG 1.3.2 19 YSN 3.3.2 13 YSN 8.2.1 12 
IAG 1.3.2 19 A 4.1.1 1 YSP 8.2.1 1 
JCH 1.3.2 19 AAL 4.1.1 1 Y 8.2.2 12 
JGR 1.3.2 19 AAP 4.1.1 1 YGR 8.2.2 13 
V 1.3.2 3 C 4.1.1 5 YHG 8.2.2 13 
YOU 1.3.2 40 CAT 4.1.1 5 YSN 8.2.2 12 
YPO 1.3.2 40 CBZ 4.1.1 5 AAL 8.3.1 1 
YSP 1.3.2 40 CCE 4.1.1 5 V 8.3.1 12 
A 2.1.1 40 CCL 4.1.1 5 Y 8.3.1 12 
AAL 2.1.1 40 CCR 4.1.1 5 YCL 8.3.1 12 
AAP 2.1.1 40 CDM 4.1.1 5 YDS 8.3.1 12 
AES 2.1.1 40 CDR 4.1.1 5 YGR 8.3.1 12 
BIG 2.1.1 19 CFN 4.1.1 5 YPO 8.3.1 1 
C 2.1.1 5 CFR 4.1.1 5 YRS 8.3.1 12 
CAT 2.1.1 5 CFT 4.1.1 5 YSC 8.3.1 12 
CCE 2.1.1 5 CGL 4.1.1 5 YSN 8.3.1 12 
CFR 2.1.1 5 CIM 4.1.1 5 YSP 8.3.1 1 
CIM 2.1.1 5 CJY 4.1.1 5 Y 8.3.2 13 
CPA 2.1.1 5 CLB 4.1.1 5 YCB 8.3.2 13 
CTJ 2.1.1 5 CMB 4.1.1 5 YDS 8.3.2 13 
E 2.1.1 15 CPA 4.1.1 5 YGR 8.3.2 13 
EPR 2.1.1 15 CPR 4.1.1 5 YRS 8.3.2 13 
EUN 2.1.1 15 CRL 4.1.1 5 YSC 8.3.2 13 
GC1 2.1.1 11 CSP 4.1.1 6 EBS 9.1.1 14 
I 2.1.1 18 CTJ 4.1.1 5 RCP 9.1.1 15 
IAG 2.1.1 19 E 4.1.1 15 RPR 9.1.1 15 
IAL 2.1.1 20 EBL 4.1.1 15 RSN 9.1.1 15 
IAR 2.1.1 19 EBS 4.1.1 15 YGR 9.1.2 15 
IBB 2.1.1 22 EPR 4.1.1 15 YRS 9.1.2 12 
IBR 2.1.1 23 GC1 4.1.1 11 AAL 9.2.1 1 
ICN 2.1.1 24 GR1 4.1.1 11 CCE 9.2.1 15 
ICT 2.1.1 25 IAL 4.1.1 20 E 9.2.1 15 
IEL 2.1.1 26 IEL 4.1.1 26 EBL 9.2.1 15 
IIM 2.1.1 27 IMD 4.1.1 28 EBS 9.2.1 15 
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Purpose Typology Use Purpose Typology Use Purpose Typology Use 
IMD 2.1.1 28 IMT 4.1.1 30 ECL 9.2.1 15 
IMN 2.1.1 29 IPP 4.1.1 33 EIN 9.2.1 15 
IMT 2.1.1 30 IPT 4.1.1 35 EPR 9.2.1 15 
IMU 2.1.1 31 KDP 4.1.1 7 EUN 9.2.1 15 
IPL 2.1.1 32 O 4.1.1 4 IEL 9.2.1 26 
IPP 2.1.1 33 O16 4.1.1 4 KDP 9.2.1 7 
IPS 2.1.1 34 O99 4.1.1 4 O 9.2.1 4 
IPT 2.1.1 35 RPR 4.1.1 15 R 9.2.1 15 
ITB 2.1.1 36 V 4.1.1 5 RCP 9.2.1 15 
ITX 2.1.1 37 Y 4.1.1 5 Y 9.2.1 15 
IVD 2.1.1 38 YCB 4.1.1 11 YCB 9.2.1 15 
JBD 2.1.1 22 YCL 4.1.1 13 YGR 9.2.1 15 
JGR 2.1.1 19 YGR 4.1.1 15 YHG 9.2.1 15 
KDP 2.1.1 7 CSP 4.1.2 6 YRS 9.2.1 14 
O 2.1.1 4 C 4.2.1 5 AAL 9.2.2 1 
O99 2.1.1 4 CAT 4.2.1 5 EBL 9.2.2 15 
V 2.1.1 40 CCE 4.2.1 5 ECL 9.2.2 15 
Y 2.1.1 40 CFN 4.2.1 5 EMS 9.2.2 15 
YDL 2.1.1 40 AAL 4.2.2 1 O 9.2.2 4 
YOU 2.1.1 40 C 4.2.2 5 RCP 9.2.2 15 
YPO 2.1.1 40 CAT 4.2.2 5 Y 9.2.2 15 
YSC 2.1.1 13 CCE 4.2.2 5 YCB 9.2.2 15 
AAL 2.1.2 40 CTJ 4.2.2 5 YOU 9.2.2 1 
AAP 2.1.2 40 Y 4.2.2 5 YPO 9.2.2 1 
BIG 2.1.2 19 AAL 4.3.1 1 AAL 9.3.1 1 
I 2.1.2 18 C 4.3.1 5 AAP 9.3.1 1 
IAG 2.1.2 19 CCE 4.3.1 5 R 9.3.1 15 
IAL 2.1.2 20 CPR 4.3.1 5 RCP 9.3.1 15 
IAR 2.1.2 21 CSP 4.3.1 6 RPR 9.3.1 15 
IBB 2.1.2 22 CTJ 4.3.1 5 AAL 9.3.2 1 
ICN 2.1.2 24 O 4.3.1 4 R 9.3.2 15 
IEL 2.1.2 26 YGR 4.3.1 15 RBS 9.3.2 15 
IMD 2.1.2 28 C 4.3.2 5 RCP 9.3.2 15 
IMN 2.1.2 29 CCE 4.3.2 5 RCT 9.3.2 15 
IMT 2.1.2 30 CSP 4.3.2 6 RPR 9.3.2 15 
IMU 2.1.2 31 Y 4.3.2 6 Y 9.3.2 15 
IPL 2.1.2 32 CCE 5.1.1 5 YCL 9.3.2 15 
IPP 2.1.2 33 CTJ 5.1.1 5 EMS 10.1.1 15 
ITB 2.1.2 36 K 5.1.1 7 P 10.1.2 15 
IVD 2.1.2 38 KDP 5.1.1 7 O99 10.2.1 4 
JCH 2.1.2 18 KPL 5.1.1 7 P 10.2.1 4 
JGR 2.1.2 19 KPS 5.1.1 7 PAE 10.2.1 4 
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Purpose Typology Use Purpose Typology Use Purpose Typology Use 
O99 2.1.2 4 O16 5.1.1 4 PDL 10.2.1 4 
Y 2.1.2 40 Y 5.1.1 8 PJA 10.2.1 4 
YDL 2.1.2 40 YCB 5.1.1 7 Y 10.2.1 4 
A 2.1.3 40 KDP 5.1.2 7 YCB 10.2.1 4 
AAL 2.1.3 40 KPS 5.1.2 7 YSA 10.2.1 4 
AAP 2.1.3 40 EUN 5.2.1 8 P 10.2.2 4 
BIG 2.1.3 19 K 5.2.1 8 PAE 10.2.2 4 
C 2.1.3 5 KDP 5.2.1 8 AAL 10.3.1 1 
CCE 2.1.3 5 KES 5.2.1 8 P 10.3.1 17 
CMB 2.1.3 5 KPL 5.2.1 8 Y 10.3.1 4 
CTJ 2.1.3 5 KPS 5.2.1 8 YRS 10.3.1 2 
ECL 2.1.3 15 V 5.2.1 8 AAL 10.3.2 1 
GC1 2.1.3 11 YCB 5.2.1 8 AAP 10.3.2 1 
GH2 2.1.3 10 YSP 5.2.1 1 I 10.3.2 18 
GR1 2.1.3 11 K 5.2.2 8 IPT 10.3.2 35 
GR4 2.1.3 11 KDP 5.2.2 8 Y 10.3.2 1 
I 2.1.3 18 KPS 5.2.2 8 YOU 10.3.2 1 
IAG 2.1.3 19 V 5.2.2 8 YTD 10.3.2 1 
IAL 2.1.3 20 ZBE 5.2.2 8 ZME 10.3.2 40 
IBB 2.1.3 22 AAL 5.3.1 1 Y 10.3.3 10 
IBR 2.1.3 23 I 5.3.1 18 KDP 10.3.4 8 
ICN 2.1.3 24 K 5.3.1 8 Y 10.3.4 8 
IEL 2.1.3 26 KDP 5.3.1 8 AAL 10.3.6 40 
IMD 2.1.3 28 KPL 5.3.1 8 YOU 10.3.6 40 
IMN 2.1.3 29 KPS 5.3.1 8 AAL 10.3.7 40 
IMT 2.1.3 30 O 5.3.1 8 AES 10.3.7 40 
IMU 2.1.3 31 ZDE 5.3.1 8 IPT 10.3.7 40 
IPT 2.1.3 35 K 5.4.1 9 YDL 10.3.7 40 
JCH 2.1.3 18 KDP 5.4.1 9    
JIN 2.1.3 21 KDP 5.4.2 9    

 

4.3. Heating demand in several households in Asturias 

 This section will outline the data gathered in three different blocks located in Asturias. 
The three blocks are supplied by central heating systems which utilise in two cases natural gas 
and in the other heating oil as energy sources. It must be noted that central heating is only 
available in a small fraction of the building stock; from (Instituto para la Diversificación y 
Ahorro de la Energía (IDAE), 2011a) it can be inferred that less than 18% in the northern area. 
Furthermore, the two blocks located in Gijón and Avilés do not count on individual metering, a 
circumstance that favours squandering.  
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 In Table XII the characteristics and the energy demands have been summarized. It can 
be appreciated that the two blocks located in Gijón and Avilés present higher heat demands, 
likely due to their older age. These values are consistent with the energy demands that could 
be expected from extrapolating Swedish heat requirements and, given the socioeconomic 
characteristics of the proprietors, could be deemed the upper bound of heat consumption in 
the northern area.    

Table XII. Features and heat demands of selected dwellings. Sources: (García Rodríguez, 2017; Rodríguez 
Martínez, 2017) 

Location Year Source of 
energy 

Number of 
dwellings 

Energy 
demand 
(kWh) 

Cadastre 
area (m2) 

Specific 
heat 

demand 
(kWh/m2) 

Comments 

Oviedo 1994 Natural gas 30 258 501 3 330 78 Heating and 
DHW 

Gijón 1949 Heating oil 10 102 800 1 314 78 Heating 

Avilés 1956 Natural gas 18  2 354  Heating 

4.4. Energy certificates of residential and service buildings in 
two regions 

 This section will outline the results of the research carried out by (Gangolells et al., 
2016; López-González et al., 2016) and compare energy certificates with actual energy 
demands. The Gangolells et al. study focussed on the region of Catalonia, that presents a 
Mediterranean climate, whereas López-González's research was centred in the region of La 
Rioja, which has a harsher continental climate.   

 Actual energy demands were studied by the IDAE in 2011 (Instituto para la 
Diversificación y Ahorro de la Energía (IDAE), 2011a). The results for the continental and 
Mediterranean climatic zones are presented in Table XIII. It must be pointed out that these 
values are energy consumptions and not heat demands.  

Table XIII. Actual energy demands in the Continental and Mediterranean Spain. Source: (Instituto para la 
Diversificación y Ahorro de la Energía (IDAE), 2011a) 

Zone Category Heating 
(kWh) 

Domestic hot 
water (kWh) 

Area 
(m2) 

Specific total 
heat demand 

(kWh/m2) 

Continental 
Flats 4 306 2 111 84.7 76 
Detached houses 13 667 2 472 150.6 107 

Mediterranean 
Flats 1 361 2 083 88.7 39 
Detached  houses 7 944 2 278 136.7 75 

 

 Energy certificates provide an estimate of the primary energy demand and the 
emissions of CO2. Due to this fact, it is not possible to directly know the final energy demand. 
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Nevertheless, the final energy demand may be estimated taking some assumptions in relation 
to the original energy source. Equation ( 13 ) permits to calculate final demand as a function of 
the primary energy.  

  

𝑓𝑝 =  
𝑃𝑟𝑖𝑚𝑎𝑟𝑦 𝑒𝑛𝑒𝑟𝑔𝑦
𝐹𝑖𝑛𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦

  ( 13 ) 

 

Table XIV. Different energy sources and corresponding equivalent factors between primary energy and final 
energy supply. Sources: (Ministerio de Industria Energía y Turismo & Ministerio de Fomento, 2014) 

Energy source Conversion 
factor (fp) 

Natural gas 1.190 
Heating oil 1.182 
Electric heat pump 2.403 

  

 First, the study on the Catalonian building stock will be addressed. This study provides 
the age of dwellings, which are expressed in Table XV. 

Table XV. Age of dwellings in Catalonia. Source: (Gangolells et al., 2016) 

Year of construction Dwellings Share 
-1980 75 598 60% 

1980-2007 40 977 32% 
2007-Present 9 696 8% 

 

 The study also gives the energy consumption of flats and detached houses (Table XVII). 
Assuming the age distribution of each type of dwelling is similar, the approximate demands 
can be estimated. The results of these calculations are shown in Table XVII. 

Table XVI. Primary energy energy demands of dwellings in Catalonia. Source: (Gangolells et al., 2016) 

Consumption 
(kWhp/m2) 

Flats Detached 
Before 
1980 

1980-
2007 

2007 - 
Present 

Before 
1980 

1980-
2007 

2007-
Present 

Heating 137,4 114,6 92,7 224,6 165,9 115,6 
Hot water 38 39,7 37,5 47,9 39,7 33,4 

Table XVII. Primary energy energy demands of flats and detached houses in Catalonia.  

Consumption Flats 
(kWhp/m2) 

Detached 
(kWhp/m2) 

Heating 127 197 
Hot water 39 44 

Total 166 241 
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 From the values of Table XVII, and using Table XIV, it is possible to estimate the final 
energy demand. It is clear from the values of Table XIV, that electricity would provide the 
lowest final energy demand. In such a case, flats would demand 69 kWh/m2 and detached 
houses 100 kWh/m2. There is a difference of 76% and 33% between the estimated values of 
energy certificates in flats and detached houses, respectively, and the actual energy demands 
of dwellings. This huge discrepancy occurs, even assuming electricity is the sole energy source, 
which is the worst scenario.  

  The results of the study done in the region of La Rioja are presented in Table XVIII. 
From these values and similarly to the previous case, it can be inferred that, were electricity to 
be the energy source, the final energy demand for detached houses and flats would be 122 
and 94 kWh/m2, respectively. These values are also higher (14% and 24%) than the actual 
energy demands, although the differences are not as remarkable as in the Catalonia's study. 
Anyway, it must be noticed that the approach followed is rather conservative since electricity 
has been employed as the sole energy source and this is not the most common according to 
(Instituto para la Diversificación y Ahorro de la Energía (IDAE), 2011a). 

Table XVIII. Primary energy demands in La Rioja for flats and detached houses. Source: (López-González et al., 
2016) 

Dwelling type Total Primary Energy 
demand (kWhp/m2) 

Detached Houses 294 
Flats 227 

 

 From the previous two studies, it can be concluded that energy certificates generally 
over estimate the energy demands. This happens in spite of assuming electricity as an energy 
source. If other more common sources such as natural gas had been considered, the 
divergence would be much larger.  

4.5. Energy consumption of Central Government buildings 

 The Central Government provides the energy demands of the different buildings it 
owns (Ministerio de Energía Turismo y Agenda digital, 2016). Buildings with only electric 
consumption have been discarded due to the impossibility of distinguishing heating and other 
electric uses. A general conclusion that can be obtained from analysing the data is the big 
variation between buildings and the extremely low heat demands of some of them. Some are 
even lower than the requirements of Passive houses (Passivhaus Institut, 2015) which, given 
the low penetration and awareness of Nearly Zero Energy Buildings in Spain (Groezinger et al., 
2014), seems extremely far-fetched. These values could be explained by the fact that not all 
the reported areas are heated.  A more accurate analysis would require consulting the 
cadastre so as to obtain the areas of each different purpose and identify which zones might 
not be heated. Even in such a case, the results would be uncertain.  
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 Table XIX gathers all the information utilized and provides the specific consumption of 
each building.  

Table XIX. Buildings of the Central Government and its energy consumptions. Source: (Ministerio de Energía 
Turismo y Agenda digital, 2016) 

Building name Municipality Area 
(m2) 

Energy consumption 
(kWh/m2) Specific heat 

demand 
(kWh/m2) Natural 

gas 
Heating 

oil Propane 

Laboratorio 
Santander Santander 2 943 147 822   50 

Edificio Sede 
Principal 
Subdelegación del 
Gobierno en 
Guipuzcoa 

San 
Sebastian 544 25 571   47 

Edificio sede 
principal 
Subdelegación del 
Gobierno en 
Guipuzcoa 

San 
Sebastian 635 32 166   51 

Instituto de 
Productos Lacteos 
de asturias 

Villaviciosa 1 618  41 200  25 

Instituto Nacional 
del Carbón Oviedo 11 840 637 060   54 

Instituto 
Biomedicina y 
Biotecnologia de 
Cantabria 

Santander 6 175 432 762   70 

Centro Física de 
Materiales 

San 
Sebastian 4 926 464 425   94 

Centro 
Oceanográfico de 
Gijón 

Gijón 2 954 67 931   23 

Centro 
Oceanográfico de 
Santander 

Santander 1 930 68 226   35 

Administración de 
la Seguridad Social 
33/04 Oficina 
integral de la S.S. 
Gijon 

Gijón 992 41 931   42 

CAISS de Sama Langreo 341 11 300   33 
CAISS de Castro 
Urdiales 

Castro 
Urdiales 375 28 312   75 

CAISS de Reinosa Reinosa 1 692 60 819   36 
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Building name Municipality Area 
(m2) 

Energy consumption 
(kWh/m2) Specific heat 

demand 
(kWh/m2) Natural 

gas 
Heating 

oil Propane 

D.P. Cantabria. Casa 
del Mar de Castro 
urdiales. 

Castro 
Urdiales 375 1 966   5 

Dirección Provincial 
de Cantabria - INSS Santander 4 900  46 139  9 

Oficina Integral de 
la Seguridad Social 
de Nueva Montaña 

Santander 2 042 39 557   19 

Oficina Integral de 
la Seguridad Social 
de Torrelavega - 
INSS 

Torrelavega 2 403 32 470   14 

Administración de 
la Seguridad Social 
33/04 Oficina 
integralde la S.S 
Gijon 

Gijón 2 143 90 595   42 

TGSS-Dirección 
provincial de 
Asturias 

Oviedo 7 165 182 595   25 

Oficina Integral de 
la Seguridad Social 
de Nueva Montaña 

Santander 3 063 59 335   19 

c/ blas de otero, 8 Sestao 1 230 18 695   15 
Instituto nacional 
de Seguridad e 
Higiene en el 
Trabajo 

Bilbao 8 709  285 563 8 567 34 

Jefatura Provincial 
de Inspección de   
Telecomunicaciones 
de Guipuzcoa 

San 
Sebastian 272 13 786   51 

Policía Asturias  17 040 489 729   29 
Policía Asturias  1 500 39 735   26 
Policía Cantabria  8 408 430 029   51 
Policía Cantabria  1 420 67 333   47 
DGT Asturias  1 732  28 840  17 
Delegación del 
Gobierno Asturias Oviedo 309  22 837  74 
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4.6. Energy consumption of health centres of Asturias 

 The purpose of this section is to summarize the information provided by the Health 
Service of Asturias (Pintado García, 2017) and outline the procedure followed to attain the 
specific heat demands of health centres.  

 The regional health service has given the natural gas consumption of its different 
buildings. Furthermore, the areas of each construction were taken from the Cadastre. Special 
care has been paid to identify what was the most likely heated area. In this sense, areas 
associated with storage or car parks were removed. This process was facilitated by the aid 
from (Fernández Menéndez, 2017; García Rodríguez, 2017).  

 Table XXI includes all the information gathered from Primary health care centres. From 
these values, and discarding those outliers wit values lower than 50 kWh/m2 and higher than 
200 kWh/m2, an average natural gas consumption of 107 kWh/m2 is achieved. Considering a 
typical efficiency of 0.9 for natural gas boilers (Ruá & López-Mesa, 2012), the average heat 
demand would be 96 kWh/m2. The information from hospitals is attached in Table XX. It can be 
seen that the Hospital Monte Naranco has a much lower gas demand, which is also in line with 
the values for Primary health centres. Due to this reason, the heat demand for the category 
"Health and welfare with residence" will be estimated solely from the Hospital of Cabueñes 
(located in Gijón). This decision is supported by the energy demands given by (García-Sanz-
Calcedo & Gómez-Chaparro, 2017; López Cristià, 2011). Assuming the same boiler efficiency, a 
heat demand of 208 kWh/m2 is reached.  

Table XX. Natural gas demands in hospitals of Oviedo and Gijón. Sources: (Ministerio de Hacienda, 2017; Pintado 
García, 2017) 

Centre Construction 
year 

Cadastral 
Reference 

Annual 
consumption 

(kWh) 

Area 
(m2) 

Specific 
consumption 

(kWh/m2) 
Hospital Monte 
Naranco 196932 7260901TP6076S 2066492 17 812 116 

Hospital Cabueñes 1978-1996 9422101TP8292N 14560294 63 031 231 
 

 

 

 

 

 

32 The building was erected in 1947 according to (Silés Rodríguez, 2016). Even though this source lacks 
any official support, this date seems realistic since the hospital was origianlly meant to treat 
Tuberculosis (García Rodríguez, 2017; Silés Rodríguez, 2016). 
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Table XXI. Natural gas demands of primary health centres in Oviedo and Gijón. Sources: (Ministerio de Hacienda, 
2017; Pintado García, 2017) 

Centre Construction 
year 

Cadastral 
Reference 

 Annual 
consumption 

(kWh)  

Area 
(m2) 

Specific 
consumption 

(kWh/m2) 

C.S. La Lila 1954 9455021TP6095S  833 795  5 373 155 
C.S. Paulino Prieto 1925 9548001TP6094N  142 711  1 280 111 
C.S. La Ería 2005 7952203TP6075S  938 805  5 886 159 
C.S. Trubia 1946 9236201TP5093N  52 401  726 72 
C.S. Tudela Veguín 2008 5318027TP7051N  53 624  452 119 
C.S. Otero 1999 0042007TP7004S  250 631  3 186 79 
CDAD. Terapéutica 
San Lázaro 1999 9641001TP6094S  266 092  1 824 146 

C.S. Ventanielles 2006 0859014TP7005N  150 186  2 637 57 
C.S. Teatinos 2003 0462501TP7006S  255 465  2 708 94 
C.S. Las Campas 2009 6254401TP6065S  37 881  1 094 35 
C.S. Naranco 2009 8963701TP6086S  263 168  3 306 80 
Ambulatorio Puerta 
La Villa 1975 4843101TP8224S  561 000  5 437 103 

C.S. Contrueces 2007 4622007TP8242S  279 000  2 372 118 
C.S. El Coto 1978 6037401TP8263N  279 000  2 296 122 
C.S. La Calzada 1 1990 2246709TP8224N  192 000  1 777 108 
C.S. La Calzada 2 2007 1842026TP8214S  265 000  2 287 116 
C.S. Laviada 1997 4340304TP8244S  192 000  2 331 82 
C.S. El Llano 1994 5033803TP8243S  252 000  3 136 80 
C.S. El Natahoyo 2000 3041301TP8234S  186 000  1 844 101 
C.S. Montevil 

 3423401TP8232S 
 243 000  

6 527 83 Montevil Salud 
Mental 2000  297 000  

Somió salud mental 199333 7938014TP8283N  178 000  498 357 
 

4.7. Heat demand in the Education Sector 

 The aim of this section is to present the data employed to model the heat demand 
within the Education sector. Two main sources have been used, the high school IES Dr Fleming, 
located in Oviedo and several buildings belonging to the University of Cantabria located in the 
town of Santander. This latter city, capital of the region of Cantabria, is 200 km apart from 
Gijón but it presents a similar climate according to Figure XX and the author's personal 
experience.  

33 The groundfloor of this building is appartently much older than the date provided by the Cadastre, 
provably from the late 19th Century or the early 20th Century. This could help to explain the high heat 
demand. Another explanation could be an error in the areas reported by the Cadastre.    
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 The high school has three different buildings whose age varies in a wide range, even in 
the same building. The energy demands, according to (González Sierra, 2017), and the 
cadastral areas are shown in Table XXII. An observation of the data proves that the specific 
energy demands of the Main Building and the Aulario are alike, and in fact extremely similar to 
the mean demand of the office sector, but the demand of the Lego building is much smaller. 
This fact might be due to its recent construction. It is barely 10 years old.   

Table XXII. Energy demands of IES Dr Fleming. Sources: (González Sierra, 2017; Ministerio de Hacienda, 2017) 

Building Cadastral 
Reference Area (m2) 

Demand 
(kWh) 

Specific heat 
demand (kWh/m2) 

2016 2016 
Main Building 8647408TP6084N  4 920  205 260 42 
Aulario 8547001TP6084N  1 276  49 653 39 
Lego 8547001TP6084N  1 030  25 019 24 

 

 The University of Cantabria counts with around two dozens of buildings. However, due 
to time constraints, only the buildings located in Santander have been analyzed. In addition, all 
the buildings located on the Avenue of Los Castros were grouped as one consumer, so it is not 
possible to know the consumption of each of them. This problem also occurs with the Cadastre 
since all those buildingss are located in the same land lot, complicating the identification of 
each of them.  

 The information provided by (Solana Lastra, 2017) as well as the measured cadastre 
areas are presented in Table XXIII.  

Table XXIII. Energy demands in the University of Cantabria. Sources: (Ministerio de Hacienda, 2017; Solana Lastra, 
2017) 

Building Cadastral 
Reference 

Area 
(m2) 

Demand (kWh) 
Specific heat 

demand 
(kWh/m2) 

2015 2016 2015 2016 
Faculty of 
Medicine 2625001VP3122F  29 025 1 156 181 1 146 609 40 40 

School of 
Marine 
engineering 

6327001VP3162E  10 310  429 093  451 310 42 44 

School of 
Nursery 3020001VP3132A  6 915  306 811  331 714 44 48 

Assembly hall 4929401VP3142H  4 491  305 015  254 250 68 57 
Environmental 
Hydraulics 
Institute 

9214508VP2191C  8 340  509 147  517 501 61 62 

Biotechnology 
Institute 9214513VP2191C  6 488  491 773  366 059 76 56 

Los Castros 5037069VP3153G  148 012 4 828 613 3 900 692 33 26 
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 In the previous table, it can be seen that in general, the demands are in the range 40-
65. The major exception is the group of buildings located in Los Castros, which has an average 
much lower. One likely reason for that is the fact that not all the areas are actually heated, this 
is indeed corroborated by firsthand knowledge of this author, who experienced the bitter cold 
in some of the laboratories of the School of Civil Engineering. Therefore, if Los Castros 
buildings are removed, an average specific demand of 48 kWh/m2 is obtained.                                                    

 In both cases, the high school and the University of Cantabria, the specific demands 
are rather close, 41 kWh/m2 and 48 kWh/m2. These figures are also consistent with the energy 
demands deducted for the administrative sector. A weighted value of 47 kWh/m2 will be 
utilized. Given an average efficiency of 0.9, the heat demand would result to be 42 kWh/m2.  

4.8. The district heating pipe cost report  

 This section will provide a detailed explanation of the procedure followed to 
determine the costs of installation of district heating pipes.  

 The Swedish District Heating Association has prepared reports on the distribution costs 
on a regular basis (1993, 1995, 1997 and 2007). The last report (Svensk Fjärrvärme AB, 2007) 
will serve as the basis for this estimation.  

 The 2007 report provides the costs for different areas, city centres, outskirts, parks and 
new development areas. Given the characteristics of the town of Gijón and Spanish cities in 
general, the first category has been deemed to be the most adequate.  

 Furthermore, the report also informs about the different expenses that comprise the 
construction of a pipe network: 

− Proj.&kontroll or Project and Site Management. It includes the costs of the realization 
of the project and the control of the execution. 

− Markarbeten or Civil Works. This accounts for the majority of the expenses. It includes 
the replacement of the affected utilities.  

− Rörarbeten. It includes transport and installation of the pipes, its welding, pressure 
testing, preheat, cleaning and other ancillary expenses.  

− Kulvertmaterial or Rörmaterial, it incorporates the cost of the pipes and valves.   
− Kulvertskarvning or Rörskarvning, pipe joints. 

 The costs in 2007 are presented in Table XXIV.  
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Table XXIV. District heating construction costs in 2007. Source: (Svensk Fjärrvärme AB, 2007) 

DN Project 
(SEK) 

Civil Works 
(SEK) 

Transport and 
Installation 

(SEK) 
Pipes (SEK) Pipe joints 

(SEK) Total (SEK) 

25  289 1 303  509  498  199 2 797 
32  317 1 613  541  541  199 3 212 
40  365 1 915  567  567  224 3 636 
50  401 2 222  599  632  234 4 089 
65  441 2 532  625  690  260 4 546 
80  476 2 847  675  718  282 4 986 

100  531 3 150  690  794  300 5 462 
125  574 3 641  733  899  317 6 163 
150  625 4 132  766  982  358 6 858 
200  675 4 618  809 1 217  383 7 700 
250  721 5 112  859 1 648  401 8 743 
300  771 5 596  917 2 165  411 9 861 
400  816 6 235  978 3 427  436 11 892 
500  880 6 946 1 050 4 394  461 13 732 
600  963 7 778 1 119 5 344  498 15 702 

 

 On the other hand, the report states that these costs were assessed adjusting for 
inflation the 1997 costs with some minor corrections. The adjustment was carried out using 
the Entreprenadindex (Statistika centralbyrån & Sveriges Byggindustrier, 2017), a cost index 
elaborated jointly by the Swedish Statistical Service and the Swedish Building Association. 
Table XXV gathers the index groups utilized for each category and the change experienced in 
the period between May of 2006 and November of 2016.  

Table XXV. Categories and Index groups. Source: (Svensk Fjärrvärme AB, 2007) 

Category Index Group Change 
Proj & kontroll  4011 1.38 
Markarbete  311 1.26 

Rörarbete  
30 %  131 1.33 

70%  3021-23 1.27 
Rörmaterial  1175 1.84 
Rörskarvning  1175 1.84 

 

 The evolution of the different indices is shown in Figure LIII.  
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Figure LIII. Cost indices of principal components of district heating pipes.34 Sources: (Centralbyrån & Sveriges 
Byggindustrier, 2016; Statistika centralbyrån & Sveriges Byggindustrier, 2017) 

 Applying the former indices, it is possible to obtain the prices in November of 2016 
(the latest date available), which are shown in Table XXVI. 

 In order to obtain the prices in Euros, it is necessary to apply the corresponding  
exchange rate. In Figure LIV it is possible to observe that despite some ups and downs, 
especially during the last global recession, the exchange rate has remained relatively constant 
at around 9.2 SEK/€. In the last half a year it has also experienced a slight depreciation. 
Nonetheless, and so as to be on the safe side, a value of 9.326 SEK/€, average corresponding 
to the period 07/14 - 8/16 will be utilized.     

 

 

34 Note: indices for the period 01/15-11/15 have been interpolated due to the lack of data. 
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Table XXVI. Costs of district heating pipes in 2017.  

DN Project 
(SEK) 

Civil Works 
(SEK) 

Transport and 
Installation 

(SEK) 
Pipes (SEK) Pipe joints 

(SEK) Total (SEK) 

25 400 1 645 657 919 367 3 988 
32 439 2 036 700 999 367 4 540 
40 505 2 418 732 1 045 413 5 114 
50 554 2 806 774 1 166 432 5 733 
65 610 3 198 807 1 272 479 6 365 
80 659 3 595 872 1 324 520 6 970 

100 735 3 977 891 1 464 553 7 620 
125 794 4 597 947 1 658 586 8 582 
150 864 5 217 989 1 811 659 9 541 
200 934 5 831 1 045 2 244 706 10 760 
250 998 6 455 1 110 3 040 739 12 341 
300 1 067 7 066 1 184 3 992 758 14 068 
400 1 129 7 873 1 263 6 321 804 17 391 
500 1 217 8 770 1 357 8 105 851 20 301 
600 1 332 9 821 1 445 9 856 919 23 374 

 

 

Figure LIV. The exchange rate between the Swedish Crown and the Euro. Note: calculated monthly averages from 
daily values. Source: (Banco de España, 2017) 
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 With the previous exchange rate, it is possible to finally obtain the costs of district 
heating pipes in Euros in 2017, which are shown in Table XXVII and Figure LV 

Table XXVII. Prices of District Heating pipes in Euros in 2017.  

DN Project 
(€) 

Civil Works 
(€) 

Transport and 
Installation (€) Pipes (€) Pipe joints 

(€) Total (€) 

25 43 176 70 99 39  428 
32 47 218 75 107 39  487 
40 54 259 79 112 44  548 
50 59 301 83 125 46  615 
65 65 343 87 136 51  683 
80 71 385 94 142 56  747 

100 79 426 96 157 59  817 
125 85 493 102 178 63  920 
150 93 559 106 194 71 1 023 
200 100 625 112 241 76 1 154 
250 107 692 119 326 79 1 323 
300 114 758 127 428 81 1 508 
400 121 844 135 678 86 1 865 
500 131 940 145 869 91 2 177 
600 143 1053 155 1057 99 2 506 

 

 

  Figure LV. Prices of District Heating pipes in Euros in 2017. 
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4.9. Design heat load of the district heating system 

 The design heat load will be calculated through the procedure proposed by 
(Frederiksen & Werner, 2013). The method consists of calculating the capacity factor according 
to Equation ( 14 ) and from it the maximum heat demand.  

1
𝜇

=
𝑓𝑠ℎ
𝜇𝑠ℎ

+
𝑓𝑑ℎ𝑤
𝜇𝑑ℎ𝑤

+
𝑓ℎ𝑙
𝜇ℎ𝑙

 ( 14 ) 

 

Where 

− 𝜇 is the capacity factor for the whole system 
− 𝜇𝑠ℎ is the capacity factor for the space heating 
− 𝜇𝑑ℎ𝑤 is the capacity factor for the domestic hot water 
− 𝜇ℎ𝑙  is the capacity factor for the distribution heat losses 
−  𝑓𝑠ℎ is the annual proportion of heat supply for space heating 
− 𝑓𝑑ℎ𝑤 is the annual proportion of heat supply for domestic hot water 
− 𝑓ℎ𝑙 is the annual proportion of heat supply for distribution heat losses 

 

 The capacity factor depends upon the heating degree days and the extreme outdoor 
temperature, and for the city of Gijón, it may be estimated to be around 0.2 according to 
(Frederiksen & Werner, 2013). According to Werner, the capacity factor for domestic hot 
water in Sweden is 0.58 on average, and the capacity factor for heat losses is around 0.71. Due 
to the lack of better data, these values will be employed. The annual proportion of heat losses 
may be estimated to be around 10% whereas the relative demand for domestic hot water in 
Gijón varies between 18% and 45% depending on the type of dwelling. Applying these values 
to Equation ( 14 ), a capacity factor of 0.25-0.32 is attained.  

 Considering that the capacity factor is the ratio between the average capacity and the 
maximum capacity, the peak load would be 370-299 MW. 

𝜇 =
𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦
𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦

=
𝑇𝑜𝑡𝑎𝑙 𝑑𝑒𝑚𝑎𝑛𝑑

8760 · 𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦
 ( 15 ) 

 

𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 =  
𝑇𝑜𝑡𝑎𝑙 𝑑𝑒𝑚𝑎𝑛𝑑

8760 · 𝜇
=

811 𝐺𝑊ℎ
8760 ℎ · 0.25

= 370 𝑀𝑊 ( 16 ) 

 

4.10. Revenue loss due to lower electricity production 

 In a steam power plant that simultaneously provides heat and power, there will be a 
loss of electricity production because of the higher temperature of the cold spot, which is an 
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inevitable result of the Second Law of Thermodynamics. This loss may be estimated thanks to 
the value of 𝜁, which according to (Energi Styrelsen, 2012) is -0.15.  

𝜁 =
Δ𝑃𝑒
𝑃𝑞

→ Δ𝑃𝑒 =  𝜁 𝑃𝑞  ( 17 ) 

 

Where 

− Δ𝑃𝑒  is the loss of electricity production due to cogeneration 
− 𝑃𝑞 is the heat production 

 Equation ( 17 ) implies that for a each new unit of heat production there will be a loss 
of 15% of electricity generation. The price of heat should cover the loss of revenue from lower 
sales in the electricity market. This fact is illustrated in Equation ( 18 ). 

𝑐𝑞 · 𝑇𝑜𝑡𝑎𝑙 ℎ𝑒𝑎𝑡 𝑑𝑒𝑚𝑎𝑛𝑑 =  𝑐𝑒 · 𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑙𝑜𝑠𝑠 ( 18 ) 

 

Where 

− 𝑐𝑞 is the unit price of heat 
− 𝑐𝑒 is the unit price of electricity in the spot market 

 The value of  𝜁 may be considered constant; in such a case the total electricity loss, i.e. 
the integration of Equation ( 17 ), does not depend on the exact pattern of the district heating 
load, but only, on the total heat demand from the district heating system. Therefore, the 
electricity loss will be around 15% of the total heat demand.  

 

�Δ𝑃𝑒 𝑑𝑡 =  �𝜁 𝑃𝑞  𝑑𝑡 = 𝜁 �𝑃𝑞  𝑑𝑡 = 𝜁 · 𝑇𝑜𝑡𝑎𝑙 ℎ𝑒𝑎𝑡 𝑑𝑒𝑚𝑎𝑛𝑑 ( 19 ) 

 
 If Equation ( 19 ) is substituted in Equation ( 18 ), the resultant price of heat would be 
the 15% of the price of electricity as indicated by Equation ( 22 ). 

𝑐𝑞 = 𝜁 𝑐𝑒 ( 20 ) 

 
 According to Figure LVI, spot prices in the electric market have mostly varied between 
40 and 50 €/MWh. Assuming a price of 50 €/MWh, it would result in a heat price around 7.5 
€/MWh or 0.0075 €/kWh.  
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Figure LVI. Spot prices of the Iberian Electric Market.35 Sources: (Operador del Mercado Ibérico de Energía - Polo 
Español (OMIE), n.d.; The World Bank, 2017a) 

4.11. Various parameters of coal power plants 

 

Figure LVII. Capacity factors of coal and gas power plants. Source: (Red Eléctrica de España, 2017) 

35 Note: Real prices expressed in 2017 Euros. They have been adjusted for inflation with the GDP 
deflator obtained from the World Bank. 
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 Figure LVII shows the average capacity factors for coal and combined cycle power 
plants. From the observation of this chart, it is evident the profound impact the recent 
economic tsunami has had in both types. The drop in the capacity factor has likely reduced the 
profitability of these plants, although the impact is likely to have been more severe in the case 
of natural gas plants due to its more recent construction.  After 2010, coal power plants have 
partially recovered their performance, but their capacity factors have remained around 40-
50%. 

 Assuming that this new plant would have a similar an electric power of 400 MW, an 
electric efficiency of 48%(Energi Styrelsen, 2012) and a total efficiency of 89% when operated 
in CHP mode, similar to the Danish plant of Avedøre (Dong Energy, 2017), it is possible to 
estimate the power-to-heat ratio and the total efficiency.   

 

𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 = 50% 400 𝑀𝑊 · 8760 ℎ = 1 752 000 𝑀𝑊ℎ ( 21 ) 

 

𝑃𝑟𝑖𝑚𝑎𝑟𝑦 𝑒𝑛𝑒𝑟𝑔𝑦 𝑑𝑒𝑚𝑎𝑛𝑑𝑒𝑑 =
1

48%
 1 752 𝐺𝑊ℎ = 3 650 000 𝑀𝑊ℎ ( 22 ) 

 

𝛼 =
1 752 000

𝑄
 ( 23 ) 

 

𝜂 =
𝑄 + 1 752 000

3 650 000
 ( 24 ) 

 

Where 

− Q is the heat energy supplied to the district heating system 
− 𝛼 is the power-to-heat ratio 
− 𝜂 is the total efficiency 

 The construction cost accounts for 2.04 M€/MW, rendering a total investment of 816 
Million Euros (Energi Styrelsen, 2012). In addition, the power station would demand 57 200 
€/MW and 2 €/MWh as Operation and Maintenance expenses. Using an amortization period of 
40 years and the same interest rate, 3.5%, the annuity would result to be a 4.6% of the initial 
investment.  

 The prices of coal have been depicted in Figure LVIII. An estimate of 15 €/MWh is 
deemed to be conservative.  
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Figure LVIII. Prices of coal in international markets. Note: Nominal prices. Source: (The World Bank, 2017b) 

 Joining all the previous information in Equation ( 10 ) would result in Equation ( 26 ), 
which provides the price of heat for a given annual heat production 𝑄. Its results have been 
plotted in Figure LIX. 

𝑝𝑞 =
15 �1 + 1 752 000
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−
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𝑝𝑞 =
15 �1 + 1 752 000

𝑄 �
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𝑄
 ( 26 ) 

 

 

0 

5 

10 

15 

20 

25 

30 

2000 2002 2004 2006 2008 2010 2012 2014 2016 

U
S 

Do
lla

rs
/M

W
h 

Australian Colombian South African 

 
 92 



 
 
 
 

Dissertation in Engineering Energy  
Luis Sánchez García 

 

Figure LIX. The price of heat for a new power plant.  
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