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Abstract 

In the last decades terms like Global Warming and Sustainable development have 

arisen. The anthropogenic green house gases emissions have raised the concentration 

of CO2 in the atmosphere to levels that might lead to a high increase in the average 

temperature in Earth.  

One of the most effective ways to fight against this phenomenon is to promote clean 

renewable energies. Among them, solar energy has the biggest developing potential 

and has proved to be an efficient and cost-effective energy source for different 

applications; one of them being the production of Domestic Hot Water and Space 

Heating. 

The aim of this Thesis is to study the possibilities to provide a single family house 

with hot water and space heating in an environmental friendly way. To do so, a solar 

system with biomass support will be designed for a single family house in northern 

Spain. 

The building has total energy demand of 20.5 MWh a year, of which 18 MWh 

correspond to space heating and 2.5 MWh to domestic hot water. The chosen solution 

for the building includes 12 solar collectors with a total area of 23.4 m2, a biomass 

boiler with a nominal power of 30 kW and a 32 kW oil boiler. Additionally, a radiant 

floor system was used as it perfectly adapts to the low temperature of the solar system.  

The result is an installation working with an 85% of renewable energies. This high 

share of renewable energy entails savings of 2,000 liters of oil a year, avoiding the 

emission of 4.5 tones of CO2 to the atmosphere every year. 

The economic calculations show that the pay back of the investment is 10 years with a 

Internal Rate of Return of 13%. Therefore, it can be said that, for this particular 

building and due to the governmental subsidies granted, solar energy is a cost effective 

alternative to provide the basic energy needs of a house.  
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1 Introduction 

 

1.1 Background 

 

1.1.1 Energy Crisis and Renewable Energies 

The high degree of economic and social development the developed countries have 

achieved could not have been reached with the lack of one simple element: Energy. 

Since the first years of human kind, energy has been a basic need for humans in their 

daily life. The energy sources have varied over the years but it can be said that the 

discovery of fossil fuels in the XIX century (coal and petroleum) was the starting point 

that has taken humanity to the high level of present development and material prosperity. 

 

According to recent estimations, the world’s total energy consumption can be assumed to 

be of 15 TW with the following approximate distribution: Oil 37%, Coal 24%, Natural 

Gas 23%, Nuclear 6%, Hydro 6% and less than 1% for biomass, wind, solar and 

geothermal energies [1]. 

 

The high speed at which the energy resources are being used has lead to a crisis in the 

current energy model. Recent studies based on Hubbert’s peak theory show that the non 

renewable energy sources’ peak production will happen in less than 10 years [2,3].  After 

this maximum, the global production will begin to decrease and in less than 200 years the 

non renewable energy sources are thought to be depleted; oil in 42 years, natural gas in 64 

years, coal in 150 years and uranium in 32 years. In spite of everything, these studies also 

underline the high uncertainty of the data. Nevertheless, it is not the fact that there are no 

more resources available but the difficulty to achieve cost-effective extraction processes 

as the reserves are scarcer.  

 

Furthermore, it is widely accepted by the scientific community, that the green house 

effect emissions released by the burning of fossil fuels is the main cause for the global 

climate change [4,5]. 
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Renewable Energies will have a vital role in this equation: they will help reducing the 

CO2 emissions while also helping reduce the dependence on fossil fuels which also has 

geostrategic implications for every country.  

 

 

1.1.2 Renewable Energies in Europe and Spain 

 

One of the world’s most active regions in the development and support of renewable 

energies is the European Union. The Union is nowadays the biggest importer of energy in 

the world: more than 80% of the oil consumed is imported from third countries; as a 

result of this energy dependence, different objectives have been set for the year 2020 in 

order to reduce this energy dependence and fight against climate change. These objectives 

are known as the “20-20-20” targets: a cut of greenhouse gas emissions by 20%, a 

minimum target of 10% for biofuels and 20% of the primary energy from renewable 

sources among others (Source: European Commission).  

 

In the case of Spain, the PER 2011-2020 (Renewable Energies Plan), sets an ambitious 

objective: 20% of the primary energy and 40% of the electricity production covered by 

renewable energies. As for 2010, renewable energies covered 10% of the total energy 

consumption and 35% of the electricity production. The share of different renewable 

energies in the country can be seen in Fig. 1. (Source: Spanish Ministry of Industry) 

 

 

 

 

 

 

 

 

 

 

As can be seen in Fig. 1, the most widespread renewable energy source in Spain is 

Biomass which accounts for a 36% of the total energy consumption, followed by wind-

power which accounts for a 26%.  On the other hand, solar thermal energy accounts for 

around 1% of the total energy consumption but, as it will be shown in the next section, 

has an incredible growing potential. 

Figure 1- Share of different renewable energies in Spain 



1.1.3 Solar Energy

Solar Energy consists on using the solar radiation from the Sun to obtain electricity (PV

systems) or heat (thermal systems). Both branches of the sector have developed a huge 

growth in the last decade especially in industrialized countries. This growth is based 

basically in two factors: solar energy, especially in its thermal branch, is a quite mature 

technology; and an important cost reduction of the installations has been achieved.

 

In any case, the potential for the development of solar energy is huge: more than 

86,000TW could theoretically be used: a value more than 5,000 greater than the global 

consumption estimated in 15 TW,
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growth in the last decade especially in industrialized countries. This growth is based 

y in two factors: solar energy, especially in its thermal branch, is a quite mature 

technology; and an important cost reduction of the installations has been achieved.

In any case, the potential for the development of solar energy is huge: more than 

86,000TW could theoretically be used: a value more than 5,000 greater than the global 

estimated in 15 TW, as can be seen on Fig. 2. 

share of solar energy in the total energy consumption is not as high as it could be, 

orldwide the use of solar thermal energy is 88 GWthermal, of which 19 GW

correspond to the European Union. 

Germany is the leading country in installed solar thermal capacity within the 

power of almost 9 GW. On the other hand, Spain holds the 6th position with an installed 

capacity of 1.26 GW (see Table 1 [6]). 

Table 1- Installed solar thermal capacity by country 

  Country Total (kWth) 

1 Germany 8,896,300 

2 Greece 2,851,940 

3 Austria  2,517,812 

4 Italy 1,404,361 

5 France 1,371,370 

6 Spain 1,261,516 

7 Chipre  514,640 

Figure 2- Potential for different renewable sources 
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Spain was the third fastest growing solar thermal market in 2000 with a yearly increase of 

65%; only behind Mexico (226%) and Sweden (99%) [7]. This number is likely to grow 

even more remarkably in future years since the Spanish basic law regarding energy 

consumption in buildings (CTE, Technical Building Manual) makes mandatory to 

implement energy saving measures in every new and renovated building.  

One of these mandatory measures is to guarantee a solar coverage for Domestic Hot 

Water (DHW) production between 30% and 70% depending on the area where the 

building is located. For further information, see section 2.2. 

 

1.2 Aim 

The aim of this project is to calculate the solar heating system needed to cover the 

demands of Domestic Hot Water (DHW) and Space Heating of a single family house 

according to the Spanish legislation. Additionally, a biomass and an oil boilers are 

considered as back-up sources, as solar energy cannot cover the whole energy demand. 

The aim is to design a system for an environmental friendly house with a small carbon 

footprint.  

 

The building is located in the capital city of the Autonomous Community of Navarra in 

the north of Spain. The climate of this area is characterized by cold winters and warm 

summers. The average temperatures fluctuate between 5ºC in January and 21ºC in 

August. Therefore, the heating needs in this area during winter months are usually quite 

high, contrary to what one might think. The main aim is to first carry out hand 

calculations to calculate the DHW and Space Heating demands and, later on, simulate the 

installation using the program ACSol. The objective of the simulation is to optimize the 

dimensions of the elements in order to guarantee the minimum solar coverage in the 

installation set by the Spanish legislation.  

 

Additionally, an economic and environmental analysis of the installation is carried out; 

considering the investment cost of the installation, the annual costs and the annual oil 

savings. To visualize the analysis, three procedures are considered: NVP (Net Present 

Value), IRR (Internal Rate of Return) and Pay-Back. The environmental performance of 

the installation is measured by calculating the reduction on CO2 emissions due to the use 

of renewable energies. 
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2 Theory 

2.1 Solar Energy 

 

2.1.1 Introduction 

The sun emits a great amount of energy as electromagnetic radiation. This radiation is 

scattered through all the space, and only a small fraction of it reaches the Earth. If we 

consider the Earth to be a flat disc facing the Sun a total amount of 1,368[ �
�	] of energy 

from the sun reaches the atmosphere: this value is defined as the solar constant.  

 

One fraction of the energy reaching the atmosphere will be absorbed by different gases in 

the atmosphere and, part of it, reradiated back to the space. Of the total energy that the 

Earth receives, around 30% is reflected by the atmosphere back to space while the rest is 

absorbed by clouds, oceans and land. Therefore, the solar intensity from the Sun is 

assumed to be of 1,000[ �
�	]  in the best possible conditions. A figure showing the 

radiation balance in the atmosphere can be found in Fig. 3. 

 

 

 

 

 

 

 

 

 

 

 

 

But this energy coming from the Sun is not evenly distributed over the whole Earth. As 

we move towards the poles, the solar energy is spread over a larger area due to the 

spherical shape of the Earth. At the Equator sunlight strikes perpendicularly to the 

surface, but the highest the latitude the lower the power from the sun will be. For 

example, in Sweden, at latitude Φ = 60º the solar intensity is half of that at the equator. 

Figure 3- Energy balance in the atmosphere 
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Therefore, the annual solar energy striking a surface varies depending on the location: in 

Sweden the radiation range goes from 780[ ���
�	����] in the North to 1,000[ ���

�	����] in the 

South whereas in Spain, the country with a highest sunshine of Europe, the radiation 

fluctuates between 1,168[ ���
�	����] in the North and 1,935[ ���

�	����] in the Canary Islands 

 

2.1.2 Solar Radiation 

The radiation emitted by the Sun comprises a very extensive range of wavelengths. The 

Sun behaves like a black body at a temperature of about 6,000 K, emitting EM radiation 

according to Planck’s Law.  

 

The spectrum of solar radiation reaching the surface of the Earth ranges from about 100 

nm to 1 mm, i.e. from infrared to ultraviolet radiation; only a small fraction of which is 

visible light (see Fig. 4). 

 

 

 

 

 

 

 

 

 

 

 

When theoretically describing solar radiation, two variables are used: 

 

� Irradiance (I): It is the energy reaching a surface per unit of area and unit of time. 

Units: [ �
�	] 

� Radiant Exposure (H): It is the energy reaching the same surface per unit of area 

during a certain period of time. Units: [ �
�	] or [��

�	 ] 

Therefore, the relation between the Radiant Exposure and the Irradiance is given by the 

next integral. 

Figure 4- Solar radiation spectrum 
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� = ∫  �(�) �� 

 

On the other hand, the solar radiation reaching the surface of the Earth has two main 

different components: 

 

� Direct Radiation: it is the radiation that reaches the surface of the Earth after 

going through the atmosphere without suffering a change in its direction. 

 

� Diffuse Radiation: It is the solar radiation that reaches the Earth’s surface after 

having been scattered in the atmosphere. In other words, it is the radiation that 

does not come straight from the Sun. 

The sum of both components is known as Global Radiation. 

 

 

2.1.3 Uses of solar energy 

 

There are different ways to use solar energy: 

• Photovoltaic solar energy: solar energy is converted into electricity through 

photovoltaic panels. It can be both used in isolated or grid-connected installations. 

• Solar thermal: it captures energy from the sun to get heat up water using solar 

collectors. 

• Passive solar energy: the simple orientation of the dwelling and its design (insulation, 

thermal mass and shading) allows solar gain without any technical element. 

 

Solar thermal energy is the use of solar radiation to produce heat or thermal energy. One 

of the most widespread applications nowadays consists in using that energy to produce 

domestic hot water (DHW), space heating support through radiant floor systems and hot 

water for swimming pools. A list of the most widespread uses is  shown below: 

 

� DHW 

� Swimming pool water warming 
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� Support for space heating 

� Drying 

� Heat production in industrial applications 

� Desalination 

� Cooling 

� Solar power tower 

 

The main advantages of solar thermal energy are: 

 

� Solar systems can provide savings of up to 80% with respect to traditional 

systems. 

� It is a mature technology, reliable and profitable. The investment in solar panels 

can be amortized in a few years with the resulting fuel savings. 

� Solar collectors can be a good support system for space heating, especially in 

systems using a low temperature like fan-coil units or radiant floor. 

� Environmental benefit. Solar energy is a green energy, that is, it does not entail 

the emission of harmful substances or green house gases. The emissions of CO2 

are nonexistent. 

 

In this kind of systems, the primary element is the solar collector. It captures solar 

radiation, transferring most of this heat to a heat-transfer fluid that flows through it. Later 

on, this heat is transferred to the water in the storage tank through the coil-pipe in the 

interior of the storage tank (see Fig. 5). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5- Elements of a solar thermal system for DHW 
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Hot water is then stored in the accumulator at a temperature of 45ºC. When there is a 

demand for hot water, the water leaves the storage tank and, if the temperature is lower 

than 45ºC it will flow through the auxiliary boiler and will be heated up to the target 

temperature. In the next sections, three basic elements of a solar system for domestic hot 

water and space heating (combisystems) are introduced: the solar collectors, the storage 

tanks and the radiant floor. 

 

2.1.4 Solar collectors: Theory and classification 

 

A solar collector is a device that absorbs solar radiation and transfers part of it to a heat 

transfer fluid (usually water with anti freezing liquid, e.g. Ethylene Glycol, in varying 

proportions). Part of the total solar radiation reaching the collector will be transferred to 

the fluid (useful energy) and the rest will be lost in the form of conduction, convection 

and radiation losses. 

 

Therefore, the efficiency of the collector will be an expression that relates the incoming 

energy with the losses. A good approximation of the collector’s efficiency relates the 

optical efficiency of the collector (�0: percentage of the solar rays penetrating the 

transparent cover of the collector and the percentage being absorbed) with the heat losses:  

 

� = �0 −  · ("#$% − "&'()
�  

 

 

Where U is the heat loss coefficient of the solar collector [ �
�	·)] and I is Incident solar 

intensity[ �
�	].  Therefore, the smaller the difference between the collector’s temperature 

and the ambient temperature; the smaller the heat losses and, consequently, the higher the 

efficiency. 

 

There are basically two different main technologies of solar thermal collectors: flat solar 

collectors and evacuated solar collectors. Each technology has different characteristics; 

for example evacuated solar collectors provide better results in extreme climates but they 

have a higher cost that a conventional flat solar collector. 
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1.- Flat solar collector 

 

This is the most widespread type of solar collector due to its low price and its mounting 

flexibility (it can be mounted on the roof, over the roof and even on the façades of the 

building). A view of a solar collector can be found in Fig.6. 

 

 

 

 

 

 

 

 

 

 

The basic elements of a flat solar collector are: the absorber, the cover, the frame and the 

insulation. The absorber’s function is to absorb all the possible solar radiation and 

transfer it to the heat transfer fluid. Commonly used materials are steel, aluminum or 

copper, to which a selective black coating is applied. The frame is made of aluminum, 

different kinds of plastics or galvanized steel. On the other hand, the cover protects the 

elements from dust and wind which would carry away most of the heat by convection. 

Covers are made of a special glass (solar safety glass) that allows short wavelength 

radiation to go through the glass but prevents the long wavelength radiation to go out, 

minimizing the heat loss; this is known as greenhouse effect. Finally, the insulation 

prevents additional heat loss to the exterior. The most widespread materials for this 

purpose are fiberglass, polyurethane foam and expanded polystyrene. 

 

 

2.- Evacuated solar collectors 

 

The main objective when manufacturing a solar collector is to minimize the heat loss and, 

therefore, increase the efficiency of the device. In this type of solar collectors, the pipe is 

surrounded by a cylindrical glass and vacuum is made between them (Fig. 7). Still air has 

better insulation properties than most of the insulation materials, making this type of 

collector a good choice especially in cold and extreme climates. On the other hand, this 

 Figure 6 - Flat solar collector 
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type of collector is more expensive than the former one, and the vacuum is usually lost 

over the years. There are basically two types of evacuated solar collectors: 

 

� Direct flow collectors: the fluid flows through the tubes, like in a flat solar 

collector 

 

� Indirect flow, heat pipe: the heat evaporates a fluid in the tube, and this fluid 

transmits its energy to the primary fluid when condensing at the other end of the 

tube. 

  

 

 

 

 

 

 

 

 

 

 

2.1.5 The storage tank 

 

The main objective of a storage tank is to store the thermal energy from the solar 

collectors in the form of hot water, usually at a temperature between 45ºC and 60ºC. Its 

mission is to uncouple the heat supply to the heat consumption, as usually the maximum 

solar energy input does not match the hot water demand. That is, the storage tank adapts 

the demand to the availability.  

 

The design of the storage tank is done according to the collectors’ area installed. Usually, 

values between 50 and 180 liters per square meter of solar collector are considered. If the 

storage tank is too small compared to the collectors’ area, there can be problems with 

overheating, and the efficiency of the solar collector decreases sharply. On the other 

Figure 7 – Evacuated solar collector 
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hand, a too large storage tank entails high investment costs and it takes a longer time to 

get the target temperature. 

 

There are different types of storage tanks: 

 

� Storage tank with built-in heat exchanger: The heat exchange takes place within 

the storage tank. The primary fluid flows through a coil (see Fig. 8), transferring 

its thermal energy to the water in the tank.  

 

 

 

 

 

 

 

 

 

 

 

� Simple Storage tank: In this case, the heat exchange takes place in an external 

heat exchanger. The only function of the storage tank is to store hot water. 

 

 

2.1.6 Radiant floor heating 

 

Radiant floor heating is a heat distribution system adaptable to any energy source, based 

on an old concept of heating: "Warm feet and a cool head". 

 

A radiant floor system consists in cross-linked polyethylene (PEX) pipes placed 3 to 5cm 

below the surface, spaced 10 to 30 cm (see Fig. 9). In this kind of systems, the necessary 

water temperature is lower than in traditional systems. Water flows through the tubes at 

temperatures between 35 and 45 º C, the soil is kept between 20 and 28 º C and the room 

temperature between 18 and 22 º C. 

 

Figure 8- Storage tank with inner coil 
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This system also provides a higher efficiency and is more environmentally friendly: water 

is heated up to 40ºC to keep the room temperature at 20ºC, whereas in traditional systems 

water is heated up to 70ºC or 80ºC to keep the house at 20ºC. 

 

 

 

 

 

 

 

 

 

 

 

 

The explanation is simple: when considering the comfort of the occupants of a room, the 

operative temperature has to be considered. For low air velocities (less than 0.2 m/s), the 

operative temperature can be approximated as the mean average of the air temperature 

and the mean radiant temperature (ASHRAE, 2003). That is, both the air temperature and 

the surfaces’ temperature are of equal importance when considering the thermal comfort 

of a space. Compared to a convective system, a floor heating system can reach the same 

operative temperature at a lower air temperature as the mean radiant temperature is higher 

as a result of a higher floor temperature [8]. This has and additional advantage, some 

studies show that air quality is perceived to be better the lower the air temperature [9]. 

Furthermore, these systems provide a more uniform temperature conditions from floor to 

ceiling, increasing the overall comfort of the occupants (see Fig. 10).  

 

 

 

 

 

 

 

 

 

 

Figure 9- Underfloor radiant heating system 

Figure 10- Temperature distributions for different heating systems 
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2.2  Description of the installation 

 

The objective of this Master Thesis is to study how the needs for hot tap water and space 

heating in a single family house can be covered by a solar thermal installation. The 

installation is located in Pamplona-Iruña, the capital city of the autonomous region of 

Navarra, in northern Spain. 

 

The house consists of two floors and a total surface of 200 m2, and is located on a hill. 

The orientation of the house is South (azimuth α=0º). It is therefore an optimal building 

for a solar thermal installation as the influence of shadows in the panels can be 

neglected1. 

 

An installation of this kind consists of solar thermal panels, a back-up biomass boiler for 

heating and a diesel boiler that works as a back-up for both heating and hot tap water. 

Furthermore, three accumulation tanks for hot water as well as valves and sensors are 

included. 

 

The list of the preliminary elements of the installation is shown below: 

 

� Solar collectors  

�  Solar hydraulic group (pumps) 

� Storage tank for hot tap water  

� Storage tank for heating (solar)  

� Storage tank for heating (biomass)  

� Oil boiler  

� Biomass stove 

 

The different elements of the installation are set in four different circuits (see Fig. 11): 

 

� Primary DHW and Heating circuit: It consists of solar collectors, a hydraulic 

group and storage tanks for DHW and Heating. 

                                                      
1
 A plan of the building can be found in Appendix 1  
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� Primary Biomass circuit: It consists of a biomass fireplace and a storage tank for 

biomass. 

� Secondary DHW circuit: It consists of an open circuit fed with cold water from 

the grid that is warmed up in the storage tank and the oil boiler. 

� Secondary Heating circuit: It consists of a closed circuit of circulating water that 

is heated up in the storage tank for solar heating and the biomass boiler 

accumulation tank. If needed, the diesel boiler will work as a back-up. This heat 

is released into the house by an underfloor heating system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

The objective of the installation is to guarantee the maximum use of renewable sources, 

such as solar energy and biomass, in order to minimize the oil consumption and, 

therefore, the environmental impact. This heat from renewable sources will be used to 

produce hot tap water and to support the underfloor heating system. 

 

Solar energy is free and available in unlimited quantities. A solar thermal system 

guarantees energy independence and is environmentally friendly. Solar thermal systems 

can be utilized for producing domestic hot water (DHW) and for the production of both 

DHW and support of the space heating system (Solar Combisystems).  

 

The most widespread application is the former one, production of just DHW. In these 

cases the solar installation can usually provide up to 70% of the annual needs of energy 

Figure 11- Flow diagram of the system 
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for DHW issues. It is therefore normal that this kind of installations is used as a support 

for a conventional heating system, such as an oil boiler. 

The later application, combined production of DHW and space heating, is less 

widespread as the overall efficiency is somehow lower. As it can easily be seen, space 

heating is needed during winter months when the solar radiation reaches its lowest level.  

 

Anyway, these combined systems can be profitable when using a low temperature heating 

system such as radiant floor heating. In this case, due to the low temperature needed, the 

solar radiation can be a good heat source for the system. The total heating demand met by 

these Combisystems varies from 10% to 100%, depending on factors such as the 

collectors’ surface, the storage tank volume, the DHW demand and the heating load of 

the building. For example, for a house with 4 to 6 m2 of collectors’ surface and a storage 

tank of 300 liters a coverage of no more than 20% is achieved. On the other hand, 

systems with 15 to 30 m2 with larger storage tanks of up to 3m3 can provide a solar 

coverage of up to 60%. [2]. 

 

 

 

2.3 Standards and Legislation 

The relevant legislation regarding solar thermal systems for the production of domestic 

hot water is collected in the “Código Técnico de la Edificación” (CTE, Technical 

Building Manual), as well as the  “Pliego de Condiciones Técnicas de Instalaciones de 

Baja Temperatura” (Technical Specifications of Low Temperature Facilities). The links 

to both documents can be found in the References (in Spanish). 

This reference legislation has been amended several times in recent years due to more 

strict environmental demands, and the search for an improvement of these systems. The 

energy saving document (DB HE) of the CTE, in its 2010 version, is composed of the 

following documents: 

 

HE 1: Energy Demand Limitation 

HE 2: Efficiency of Thermal installations 

HE 3: Energy efficiency of lighting installations 

HE 4:  Minimum solar contribution for DHW production 

HE 5: Minimum PV contribution for electricity production 

 

In the present document, the main focus will be set on documents HE1 and HE4. 
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The document HE1 sets the method to be used when calculating the heating and cooling 

demands for the building. It also provides the minimum U-values that the elements of the 

building envelope must have according to the climatic zone in which the installation is 

located. 

 

On the other hand, the document HE4 sets the guidelines to be followed when 

calculating the solar installation. This includes from considerations about the shading 

losses to the minimum solar coverage for DHW purposes. This last parameter, the 

minimum solar coverage or minimum solar fraction, is the main tool used by the Spanish 

legislation to include solar thermal installations in residential buildings, office building, 

malls and public buildings. 

 

The solar minimum coverage is set according to three variables: 

 

� Total DHW demand of the building. A higher demand implies a higher minimum 

solar coverage. 

� Climatic zone where the building is located. According to the CTE, Spain is 

divided in 5 different climatic zones depending on the solar irradiance. Buildings 

situated in a more favorable climatic zone must guarantee a higher solar 

coverage. 

� Type auxiliary energy source used. If the auxiliary source is electricity (Joule 

effect), a higher solar coverage must be guaranteed for the same demand and 

same climatic zone. 

 

In addition to the CTE and the “Pliego de Condiciones Técnicas de Instalaciones de Baja 

Temperatura” published by IDAE (Institute for Energy Diversification and Energy 

Saving), the design of the facility and its components meets requirements and 

recommendations contained in other standards and specifications. 

 

In short, the legislation and recommendations used for the design of the facility is shown 

below: 

 

� Código Técnico de la Edificación (CTE) 

� Pliego de Condiciones Técnicas de Instalaciones de Baja Temperatura 

� La guía ASIT de la energía solar térmica 

� UNE-EN 1057standard 



18 

 

 

2.4 AcSol 2.5, simulation software for solar thermal installations2 

AcSol 2.5 is a simulation program for solar thermal installations developed by the Energy 

Agency of Andalucía (Spain). It is a free program that can be downloaded directly from 

the agency’s homepage.  

 

The calculation engine of the program is the well known simulation software TRNSYS, 

developed by the University of Wisconsin-Madison. 

 

 ACSOLAR contains a detailed mathematical model for each installation configuration 

and a database of weather, storage tanks, consumer profiles, etc. Through the input menu 

the user includes additional information about the system under study: the collectors’ 

area, storage volumes, water demand, control method, etc. Once the case is defined, the 

computer solves the mathematical model and generates a results report. The different 

configurations that can be simulated can be seen in Fig. 12. 

 

 

 

 

 

 

 

 

 

 

 

Figure 12- Possible system configurations in AcSol 2.5 

                                                      
2 More information about AcSol 2.5 can be found in Appendix 4. 
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3 Design process and results 

In this section, the main elements of the installation are dimensioned, that is, required 

solar collectors area, volume of the accumulation tanks, power of the biomass and oil 

boilers, and required power of the circulating pumps in order to counteract the pressure 

drop in the solar circuit. 

 

For this design process, a double focus will be used. First of all, the basic elements of the 

installation (solar collectors, storage tanks, etc) will be dimensioned by performing hand 

calculations. Later on, using the simulation software ACSol, the installation will be 

simulated and those preliminary values obtained on the hand calculations part will be 

tuned performing several iterations and comparing the output, i.e., the solar coverage and 

the overall efficiency of the installation. 

 

 

3.1 Solar system 

First of all, the energy needs for DHW and Heating are calculated according to the 

recommendations of the CTE. Once the energy needs of the house are known, the 

different elements are dimensioned. 

 

3.1.1 Climate data 

 

As was stated above, the installation is located in the city of Pamplona-Iruña, in the north 

of Spain (see Table 2). The climate data of this location is shown in Table 3. 

 

Table 2- Basic data about the city of Pamplona-Iruña 

Latitude [º] 42.8 

Climatic Area (CTE) I 

Altitude [m] 449 

Average Relative Humidity [%] 51 

Average Wind Speed [km/h] 8 

Max. Summer Temperature [ºC] 32 

Min. Winter Temperature [ºC] -5 

Daily Temperature Variation [ºC]  12 
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Table 3- Monthly values for ambient and water temperature and horizontal radiation (Source: Censolar) 

Average Water  Temp [ºC] Average Ambient Temp [ºC] Horizontal Rad [kWh/m
2
·month] 

Jan 5 7 43.06 

Feb 6 7 59.61 

Mar 8 11 105.92 

Apr 10 13 120.83 

May 11 16 147.25 

Jun 12 20 157.5 

Jul 13 22 176.53 

Aug 11 23 156.72 

Sep 12 20 135 

Oct 10 15 87.83 

Nov 8 10 50 

Dec 5 8 38.75 

Av./Sum 9.3 14.3 1,279 

 

 

As can be seen, the annual solar radiation over a horizontal surface is 1,279kWh/m2 and 

the average daily radiation is 3.5kWh/m2.  

 

According to the Spanish CTE, the country is divided in different climatic areas 

according to the average daily solar radiation as can be seen in Table 4 below: 

 

 

As the average daily solar radiation in Pamplona-Iruña is 3.5kWh/m2, the city is located 

in the climatic zone I. This is important as the minimum solar contribution to the DHW 

demand is set according to the climatic zone in which the installation is located.  

 

 

 

 

 Table 4- Climatic zones according to average daily solar radiation (Source: CTE) 
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3.1.2 DHW demand 

 

3.1.2.1 DHW consumption 

The unitary DHW consumptions are set in the CTE according to the type of installation 

(see Table 5). These demands are calculated considering a reference temperature of 60ºC 

for the outgoing hot water. 

 

Table 5- Hot water daily demand at 60ºC according to installation type (Source: CTE) 

 

 

For a single family house (viviendas unifamiliares), the required DHW is 30liters per 

person and per day at a temperature of 60ºC. In order to calculate the number of people, 

the CTE provides a table in which the number of people (número de personas) is 

obtained as a function of the number of bedrooms (número de dormitorios) in the house 

(see Table 6). 

 

 

 

 

 

 

 

Therefore, for a three bedroom house, four people are assumed. Then, the DHW daily 

demand is: 

Table 6- Table for the calculation of the number of people in the house (Source: CTE) 
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*�+� = 4[-.$-%.] · 30 / %0�.12
-.12$3 · �&45 = 120 [%0�.12

�&4 ] 
 

As was stated above, this demand is referenced to a temperature of 60ºC. To calculate the 

demand for a temperature of 45ºC, the following calculation is made: 

 

*�+�(45) = 120 89:;��<
=�� > · (?@ºABCDE(:)

FGºABCDE(:))
3 

 

Table 7- Monthly DHW demand at 45ºC 

Month Average incoming temp [ºC] Days Monthly demand (60ºC) [m
3
] Monthly demand (45ºC) [m

3
] 

Jan 5 31 3.72 5.12 

Feb 6 28 3.36 4.65 

Mar 8 31 3.72 5.23 

Apr 10 30 3.6 5.14 

May 11 31 3.72 5.36 

Jun 12 30 3.6 5.24 

Jul 13 31 3.72 5.46 

Ago 12 31 3.72 5.41 

Sep 11 30 3.6 5.19 

Oct 10 31 3.72 5.31 

Nov 8 30 3.6 5.06 

Dec 5 31 3.72 5.12 

TOTAL 62.29 

 

 

The average annual demand of DHW is 62.29m3/year at a temperature of 45ºC. The 

average daily demand is therefore 171 liters/day. The month with a highest demand is 

July, with 5.46m3/month.  

 

 

3.1.2.2 DHW energy demand 

 

 The energy needed to increase the temperature of the water from the incoming 

temperature up to the reference temperature in the storage tank, which is 60ºC, is: 

 

H3.1I4 [JK] = L- / MK
JI · M5 · N$3�ℎ%4 �.'&3� ['P] ·  Q("2�$1&I. − "#R) · S R&�.1[JI

'P] 

                                                      
3
 Formula obtained from the CTE 
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Table 8- Monthly energy demand for DHW 

 

 

The total annual energy demand for DHW in the installation is obtained summing up 

the values for each month, and its value is 2,580kWh/year. These calculations are shown 

on Table 8. 

 

 

3.1.2.3 Minimum solar contribution 

 

The Spanish CTE states a minimum solar contribution depending on the location of the 

building. The solar minimum annual contribution is the fraction between the annual 

values of solar energy required and provided annual energy demand, derived from the 

monthly values.4As was said before, Pamplona-Iruña belongs to the climatic zone I, in 

which less solar radiation is available and, therefore, the minimum solar contribution is 

less strict.  

 

 

 

 

 

                                                      
4
 Definition obtained from CTE 

Month 

Aver. Incoming 

 temp [ºC] 

Month. demand (60ºC) 

 [m3] ΔT [ºC] Energy demand [MJ] Energy demand [kWh] 

Jan 5 3.72 55 855.2 237.6 

Feb 6 3.36 54 758.4 210.7 

Mar 8 3.72 52 808.6 224.6 

Apr 10 3.6 50 752.4 209 

May 11 3.72 49 761.9 211.6 

Jun 12 3.6 48 722.3 200.6 

Jul 13 3.72 47 730.8 203 

Ago 12 3.72 48 746.4 207.3 

Sep 11 3.6 49 737.4 204.8 

Oct 10 3.72 50 777.5 216 

Nov 8 3.6 52 782.5 217.4 

Dec 5 3.72 55 855.2 237.6 

Total 2,580.2 
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For a demand of 120 liters/day in the climatic zone I, the 

30%, as table 9 above shows. 

 

 

3.1.3 Heating demand 

 

The energy balance of a building states that the heating 

between the heat losses and the effective gains. The term heat losses includes radiation, 

convection and conduction losses through the envelope of the building as well as 

ventilation and infiltration losses. The considered

radiation and internal heat generation.

 

Therefore, the heat balance of a building is set as:

 

Heating needs = Losses 

Where: 

 

Q: Losses due to conduction, convection and radiation 

(walls, ceiling, floor and windows)

 

V: Ventilation and infiltration losses

 

S: Solar radiation gain through the building envelope

 

I: Internal Heat Generation due to human presence and appliances.

Table 9- Minimum solar contribution for different climatic areas

For a demand of 120 liters/day in the climatic zone I, the minimum solar contribution

The energy balance of a building states that the heating demand is equal to the difference 

between the heat losses and the effective gains. The term heat losses includes radiation, 

convection and conduction losses through the envelope of the building as well as 

ventilation and infiltration losses. The considered effective gains are the ones due to solar 

radiation and internal heat generation. 

Therefore, the heat balance of a building is set as: 

Heating needs = Losses – Gains = ( Q + V ) - ( S + I ) 

 

Q: Losses due to conduction, convection and radiation through the building envelope 

(walls, ceiling, floor and windows) 

V: Ventilation and infiltration losses 

S: Solar radiation gain through the building envelope 

I: Internal Heat Generation due to human presence and appliances. 

Minimum solar contribution for different climatic areas 

 

 

minimum solar contribution  is 

demand is equal to the difference 

between the heat losses and the effective gains. The term heat losses includes radiation, 

convection and conduction losses through the envelope of the building as well as 

effective gains are the ones due to solar 

through the building envelope 
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The calculation of all this losses and the monthly heating demand is done in an excel file5.  

In the following pages, a short explanation of the different terms is shown. 

 

3.1.3.1 Q+V losses 

 

As was said before, this term includes the heat losses through the envelope and the losses 

due to ventilation and infiltration. All this losses are characterized by the “Global Loss 

Coefficient” defined as: 

M�$� = 0.34 · 3 · U + W  · X     [+
M ] 

 

The first addend refers to the ventilation losses where: 

 

n: air change rate [Y
�] 

V: volume of the building ['P] 
 

The second addend refers to the losses through the envelope, where: 

 

U: U-value of the elements [ �
)·�	]  

A: Area of the different elements ['Z] 
 

3.1.3.2 Solar Gains (S) 

 

Solar radiation has an important influence in the heat balance of a building. During the 

winter it will help reducing the heating demand, whereas in the summer it will increase 

the heat load and, therefore, increase the cooling demand of the building. 

For the calculation of the solar gains, the solar radiation on each façade is required. The 

solar gain is calculated as: 

 

[ = W \ · I · X [J+ℎ] 
 

Where: 

 

                                                      
5
 The Excel file can be found in Appendix 2. 
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R: incident solar radiation for the orientation of the window [J+ℎ/'Z] 
g: solar factor; fraction of incoming radiation reaching the interior. (0≤g≤1) 

A: area of the window ['Z] 
 

3.1.3.3 Internal Heat Generation (I) 

 

In this section, the heat generation due to human presence and appliances is considered. 

These gains help reducing the heating demand in winter months but also increase the 

cooling demand during the summer months. These gains are usually estimated at 

0.15[ ���
�	=��]. [10] 

 

3.1.3.4 Heating demand 

 

Once calculating the different values for these terms, the monthly heating demand can be 

calculated. The results are shown in Table 10 below. 

 

Table 10- Monthly heating demand in [kWh] 

 

The annual heating demand is obtained by adding the monthly demands, and has a 

value of 18,000 kWh. 

 

 

3.1.4 Sizing of the installation 

 

The sizing of the installation is done following the tips and recommendations given by 

the Spanish legislation. The first step is to calculate the energy absorbed by the solar 

collectors per square meter. Then, comparing this value to the energy demand for DHW 

and space heating, the required square meters of solar collectors can be derived. 

 

This comparison can be carried out in different ways, depending on what kind of 

installation is looked for and the percentage of energy to be covered by solar energy. 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

4,058.3 2,987.2 2,246.0 1,593.8 165.8 0.0 0.0 0.0 0.0 590.7 2,614.4 3,855.8 
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� The installation can be calculated in order to avoid over production. In that case, 

the month with the highest value of solar radiation is considered. For that month, 

100% of the energy will come from solar energy and for the rest of the months 

this value will be lower and the rest of the demand will be covered by other 

sources (biomass or oil). The disadvantage of this method is that the annual solar 

contribution is quite low. 

 

� The installation can also be calculated in order to always cover 100% of the 

demand with solar energy. In this case, the month with the lowest value of solar 

radiation is considered. For the remaining months, there will be an extra amount 

of solar energy that has to be dissipated. The main disadvantage of this method is 

that the installation is over-sized and the investment costs are practically 

unaffordable.  

 

� In this project, a more balanced method is used. The collectors’ surface is 

calculated using the annual values of energy demand and solar radiation. 

Therefore, during winter months there will be a solar energy deficit that will be 

covered by other sources (biomass and oil) whereas during summer there will be 

an excess of solar radiation that will have to be dissipated using an appropriate 

device. 

 

3.1.4.1 Incident solar radiation 

 

The first step is to find out the incident radiation on the solar collectors. For that purpose, 

the recommendations of the Spanish law are followed: 

 

H3.1I4 [J+ℎ
'Z ] = 0.94 · J · � 

 

Where: 

 

k: correction factor for the inclination of the collectors. Its value is tabulated according 

to the latitude (_) and the tilt (̀ ).6 For this particular building: _ = 43 and ` = 50º. 

 

                                                      
6
 Source: Pliego de Condiciones Técnicas de Instalaciones de Baja Temperatura 
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As a rule of thumb, solar installations are designed with a tilt equal to the latitude of the 

place where the building is located, in this way the solar production is optimized over the 

whole year. On the other hand, the optimum tilt value is assumed to be (_ ± 15º), where 

the plus and minus signs are used in winter and summer respectively [11, 12].  For this 

particular installation, the optimum values would be 28º in summer and 58º in winter. In 

this case, as a space heating is also considered, the collectors should have a higher tilt 

than _ in order to extract more heat during winter months, but without penalizing the 

energy production during summer months. 

 

H: Monthly average horizontal solar radiation 8���
�	 > 

 

Table 11- Monthly incident radiation on the tilted collector 

H [kWh/m2] k-factor Ein=Incident Radiation [kWh/m2] 

Jan 43.06 1.46 59.10 

Feb 59.61 1.33 74.52 

Mar 105.92 1.17 116.49 

Apr 120.83 1.02 115.85 

May 147.25 0.91 125.96 

Jun 157.5 0.87 128.80 

Jul 176.53 0.91 151.00 

Aug 156.72 1.03 151.74 

Sep 135 1.23 156.09 

Oct 87.83 1.46 120.54 

Nov 50 1.61 75.67 

Dec 38.75 1.58 57.55 

TOTAL 1,279 - 1,333 

  

 

3.1.4.2 Output of the solar collectors 

 

The next step is to calculate the output of the solar collectors, the energy that can be used 

to heat up the water. The output of a solar collector is obtained as the product between the 

incident radiation and the efficiency of the solar collector. 

 

The efficiency of a solar collector is given by: 

 

� = �0 − JY · ("#$% − "&'()
� − JZ · ("#$% − "&'()Z

�  
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Where: 

 

η0: Optical efficiency of the collector 

k1 and k2: Heat loss coefficients of the solar collector [ �
�	·)]  and [ 

�
�	·)	]   

I: Incident solar intensity [ �
�	] 

Tamb/Tcol: Ambient/Collector temperature 

 

Usually the square term of the equation can be neglected, and the resulting formula can 

be used as an acceptable first approximation. But, as the temperature of the collector 

rises, the heat losses due to radiation become important and the square term should be 

considered. 

 

 The collector chosen is the model Heliostar 218 S4 7manufactured by the company Roth 

Spain. Its functional parameters are η0=77.1%, k1=3.68[ �
�	·)] and k2=0.0127[ �

�	·)	]. 
Furthermore, an average temperature in the collector of "#$% = 45ºL is considered. 

 

 

Table 12- Collector’s efficiency for every month of the year 

Average 

Temp [ºC 

Average Sun 

hours per day 

Ein=Incident 

Radiation 

[kWh/m
2
] 

Solar Intensity 

[W/m
2
] 

Efficiency 

[%] 

Jan 5.1 8 59.1 238.29 15.48 

Feb 6.5 9 74.52 295.73 29.19 

Mar 8.7 9 116.49 417.53 45.11 

Apr 10.2 9.5 115.85 406.5 45.6 

May 14 9.5 125.96 427.7 50.43 

Jun 17.6 9.5 128.8 451.94 54.79 

Jul 20.7 9.5 151 512.75 59.66 

Aug 20.9 9.5 151.74 515.23 59.89 

Sep 18.1 9 156.09 578.1 59.98 

Oct 13.6 9 120.54 432.04 50.35 

Nov 8.6 8 75.67 315.29 34.61 

Dec 6.1 7.5 57.55 247.53 19.27 

 

 

Once the efficiency of the collector for each month is known, the output of the solar 

collectors can be calculated (see Table 13): 

 
                                                      
7
 See Appendix 5 for Technical Specifications 
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bcde = f · bgh 

 

Table 13- Output of the solar collectors on a monthly basis 

 

Ein [kWh/m2] Efficiency (η) [%] Eout [kWh/m2] 

Jan 59.1 15.48 9.15 

Feb 74.52 29.19 21.75 

Mar 116.49 45.11 52.54 

Apr 115.85 45.6 52.82 

May 125.96 50.43 63.52 

Jun 128.8 54.79 70.57 

Jul 151 59.66 90.09 

Aug 151.74 59.89 90.87 

Sep 156.09 59.98 93.62 

Oct 120.54 50.35 60.7 

Nov 75.67 34.61 26.19 

Dec 57.55 19.27 11.09 

 

  48% 643 

 

 

The total annual solar output given by the collectors is obtained summing up the value 

for each month and has a value of 6438ijk
lm >. This value is to be used in the next step in 

order to find out the required collector surface. 

 

 

3.1.4.3 Collectors’ surface 

 

As was said before, the collectors’ surface is calculated as: 

 

[n1o&#. ['Z] =
H3.1I4 3..�2 [J+ℎ

4.&1]
H3.1I4 $n�-n� o1$' #$%%.#�$12 [ J+ℎ

4.&1 · 'Z]
 

 
Now, the surfaces (and therefore the number of collectors) for both DHW and heating 

will be calculated. Once the collectors’ surface is known, the volume for the storage tanks 

can be derived.  
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� Domestic Hot Water (DHW) 

[n1o&#. ['Z] =
H3.1I4 3..�2 /J+ℎ

4.&15
H3.1I4 $n�-n� o1$' #$%%.#�$12 / J+ℎ

4.&1 · 'Z5
=

2,580 [J+ℎ
4.&1]

643[ J+ℎ
4.&1 · 'Z]

= 4.01['Z] 
 

Therefore, considering the collectors used8, the number of collectors needed is: 

 

pn'(.1 = [n1o&#. 3..�.�
[n1o&#. $o & #$%%.#�$1 = 4.01['Z]

1.95['Z] = 2.06 #$%%.#�$12 

 

Then, three collectors must be installed to fulfill the DHW demand. 

 

 

� Space Heating 

 

[n1o&#. ['Z] =
H3.1I4 3..�2 /J+ℎ

4.&15
H3.1I4 $n�-n� o1$' #$%%.#�$12 / J+ℎ

4.&1 · 'Z5
=

18,000 [J+ℎ
4.&1]

643[ J+ℎ
4.&1 · 'Z]

= 28['Z] 
 

Therefore, considering the collectors used, the number of collectors needed is: 

 

pn'(.1 = [n1o&#. 3..�.�
[n1o&#. $o & #$%%.#�$1 = 28['Z]

1.95['Z] = 14.4 #$%%.#�$12 

 

Then, 15 collectors must be installed to fulfill the heating demand. 

 

 

Therefore, the first iteration in the simulation program will be done considering a total 

number of 15 solar collectors. As can be easily deduced, during winter months a part of 

the energy needs won’t be covered by solar energy. That is why the biomass and the oil 

boiler are installed: to cover the part of the demand during those days in which solar 

energy is not enough. 

 

                                                      
8
 See Appendix 5 for collectors’ specifications 
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3.1.4.4 Storage tanks 

 

The sizing of the storage tanks is done according to the “Pliego de Condiciones Técnicas 

de Instalaciones de Baja Temperatura”, where recommended values are proposed. There 

is a specific formula for both DHW and heating tanks. 

 

� Domestic Hot Water (DHW) 

 

The proposed formula for the DHW storage tank is: 

50 < U
X < 180 

 

Where: 

 

A: total collectors’ area ['Z]  
V: volume of the storage tank [%]. 
 

Therefore, for an area of X = 3 · 1.95['Z] = 5.85 ['Z], the recommended 

volume is: 

 

300 < U < 1080 

 

Then, a volume between 300 and 1080 liters is used in the simulation program. 

 

 

� Space Heating 

 

In this case, the recommended formula used is: 

 

U = r25 / %
'Z5 �$ 50 / %

'Z5s · X['Z] = 585 �$ 1,170[%] 
 

Therefore, a volume from 585 to 1,170 liters is used in the simulation program. 
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3.1.5 Solar circuit (DHW + heating): Simulation with ACSol 

 

The next step after calculating by hand the size of the elements is to perform a simulation 

of the system. In this simulation, the parameters concerning the different elements are 

introduced as inputs. The output of the simulation will be the monthly contribution of 

solar energy for DHW and space heating purposes. Therefore, the values previously 

calculated are used as a first approximation of the system. These values are then modified 

until the system with the desired characteristics is achieved. 

 

As was said before, the program to be used to perform the simulation is called ACSol9. 

The basic configuration chosen for the simulation of the installation is shown in Fig. 13. 

 

 

 

 

 

 

 

 

 

 

 

The chosen solution and the solar and utilization factors obtained in the simulation are 

shown in Table 14 below: 

 

Table 14- Main parameters of the final system 

Number of collectors 12 

DHW storage tank volume 300 liters 

Space heating storage tank volume 500 liters 

DHW solar fraction 75.48% 

Heating solar fraction 7.18% 

 

 

And the output given by the simulation software is shown in Table 15 and Fig. 14. 

                                                      
9
 A brief guide about AcSol can be found in Appendix 4 

 

Figure 13 - Basic configuration for a solar DHW + heating system given by AcSol 
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Table 15- Values of the different energy flows in the system 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

As can be seen, the solar fraction for DHW is 75%, that is, 75% of the DHW demand is 

covered by solar energy, whereas 25% is covered by the oil boiler. On the other hand, the 

solar fraction for space heating is only 7%, as the solar radiation is much lower during 

winter months. Finally, the minimun solar contribution set by the CTE for this particular 

setting is of 30%, therefore, this sizing fulfils the minimum requirements. 

 

The volume of the DHW storage tank is set to the minimum value allowed by the CTE 

300 liters, and the space heating storage tank at a volume of 500 liters, since installing 

larger tanks inplies higher costs and does not provide a remarkable increase in the solar 

fraction. 

FLOW Energy 

[kWh/year] 

(1) Incident radiation 39102.43 

(2) Final radiation on the collectors 37954.27 

(3) Energy given by the primary water collectors 6219.70 

(4) Losses in the pipes of the primary circuit 0.00 

(5) Energy transfer in the space heating heat exchanger 3649.31 

(6) Energy transfer in the DHW heat exchanger 2525.98 

(7) Losses in the space heating storage tank 215.30 

(8) Losses in the DHW storage tank 412.60 

(9) Energy given by the support system to the heating circuit 18463.76 

(10) Energy given by the support system to the DHW circuit 314.06 

(11) Heating demand 22269.40 

(12) DHW demand 2436.42 

 

Figure 14- Solar cover and demand for DHW and Heating 
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The total number of solar collectors is finally reduced to 12 (from 3 and 15 for DHW and 

space heating respectively) due to economical reasons. Besides, solar energy companies 

recommend a value between 0.08 to 0.13m2 of collectors per m2 to be heated in Navarra 

[13]. For the building under study, 12 solar collectors fulfil that condition. It is important 

to underline that for this particular setting, a system providing with only DHW would be 

a more optimal solution from an economic perspective since only 3 solar collector would 

have to be installed. The combined system providing both DHW and heating implies a 

much higher collectors’ area and, therefore, higher costs. Nevertheless, this combined 

system is justified by the environmental savings (reduction of the oil consumption). 

 

 

3.2 Biomass boiler 

As can be seen in the results of the simulation, solar energy only covers 7% of the total 

space heating demand and an additional energy source is required. Given the abundance 

of firewood in the surroundings of the building, installing a biomass boiler is the best way 

to cover part of the heating demand in an economic and environmental friendly way. 

 

3.2.1 Sizing of the biomass boiler 

The biomass boiler has the function of covering the part of the heating demand that 

cannot be covered by the solar system, since during the winter months when the heating 

needs are greater, the solar radiation is low. The biomass boiler and its water storage tank 

are connected in parallel with respect to the solar storage tank. The water coming from 

the radiant floor heating system will be heated in the solar storage tank and, if needed, 

will then go to the biomass storage tank until it reaches the target temperature. A sketch 

of the connection of a biomass boiler to a heating system is shown in Fig. 15. 

 

 

 

 

 

 

 

 

 

Figure 15- Basic biomass boiler system 



36 

 

The chosen biomass boiler is the model Acqua of the Portuguese manufacturer Solzima.10 

This stove works with wood warming up water that is kept in a storage tank. This 

particular model can heat up to 882 m3 and is, therefore, optimal for this house. The 

maximum power is 39kW and the efficiency is 80%. The recommended wood 

consumption is from 5 to 9.3 kg/h. The nominal power is 30kW for a wood consumption 

of 7.1kg/h. These values can be found in Fig. 16. 

 

Considering a wood consumption of  5kg/h, we have that 21kW of heat are produced, of 

which 11.5kW will be transferred to the water. Note that in the heat balance, the total 

power of 21 kW is considered and not only the 11.5kW distributed by the radiant floor 

heating system. Now, by establishing the working hours of the stove, the annual 

contribution to space heating can be calculated. 

 

 

 

 

 

 

 

 

 

 

 

First of all, it is necessary to specify the working hours of the stove: 5 hours/day are 

assumed. On the other hand, during the coldest months the stove is used to a 100% of its 

capacity, but this use is reduced at the beginning and the end of the heating season, 

following this pattern: 

 

• 100% utilization from December to February 

• 50% utilization in March 

• 25% utilization in April 

• 90% utilization in November 

• 0% utilization from May to October 

 

                                                      
10

 Specifications file can be found in Appendix 5 

Figure 16- Characteristics of the biomass boiler 
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Considering this utilization pattern, the monthly biomass contribution to space heating is 

shown on Table 16. 

 

Table 16- Biomass contribution to space heating 

Biomass stove 

Heating 

needs [kWh] Utilization 

Working 

hours 

Delivered 

energy [kWh] Biomass contribution 

Jan 4,058 100% 124 2,604 64% 

Feb 2,987 100% 112 2,352 79% 

Mar 2,246 50% 59 1,241 55% 

Apr 1,594 25% 27 567 36% 

May 166 0% 0 0 0% 

Jun 0 0% 0 0 0% 

Jul 0 0% 0 0 0% 

Aug 0 0% 0 0 0% 

Sep 0 0% 0 0 0% 

Oct 591 0% 0 0 0% 

Nov 2,614 90% 120 2,218 85% 

Dec 3,856 100% 124 2,604 68% 

18,139 552 11,589 64% 

 

 

And  the annual wood consumption is: 

+. L = +$$� o%$R /JI
ℎ 5 · R$1J03I ℎ$n12 / ℎ

4.&15 = 5 /JI
ℎ 5 · 552 / ℎ

4.&15

= m, uvw / ix
yz{|5 

 

 

3.2.2. Storage tank for the biomass boiler 

 

In order to perform the sizing of the storage tank for the biomass boiler, the energy 

transferred to the water for each hour will be considered. That is, the storage tank has to 

be able to store the hot water produced in one hour11. 

 

 

}$R.1 = L · S · L- · ("$n� − "03) 

 

 

                                                      
11

 Source “Pliego de Condiciones Técnicas de Instalaciones de Baja Temperatura” 
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Where: 

 

L: Hot water flow in the secondary circuit 

 

S: Water density S = 1[��
9 ] 

 

"$n�: Temperature of the water going to the radiant floor circuit. "$n� = 50ºL 

 
"03: Temperature of the incoming water from the radiant floor circuit. "03 = 30ºL 

 

L-: Specific heat of water L- = 4.18[ ��
��·)] 

 

 

11.5[J+] = L · 1[JI
% ] · 4.18[ JK

JI · M] · (50 − 30)[M] 
 

� = 0.14 /%
25 = ���[ �

k] 
 

Therefore, a storage tank with a capacity of  500 liters is chosen (model WWM-500, of 

the manufacturer Roth Spain). 

 

 

3.3 Oil boiler 

As was said before, solar energy and biomass will only cover part of the heating demand. 

During certain months, it will be necessary a third source of energy for the building: the 

oil boiler.  

 

In order to calculate the necessary extra energy to be supplied by the oil boiler, the total 

energy needs (hot water and space heating), are compared to the energy provided by the 

solar collectors and the biomass stove. If there is a energy deficit, the oil boiler will cover 

it. 
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The necessary extra heat is shown in Table 17 below: 

 

Table 17- Required oil energy for each month 

 

DHW 

demand 

[kWh] 

Heating 

demand 

[kWh] 

Eout collector 

[kWh/m2] 

Solar collectors' 

output [kWh] 

Biomass 

energy [kWh] 

Required oil 

energy [kWh] 

Jan 238 4,058 9.15 214 2,604 1,478 

Feb 211 2,987 21.75 509 2,352 337 

Mar 225 2,246 52.54 1,230 1,241 0 

Apr 209 1,594 52.82 1,236 567 0 

May 212 166 63.52 1,486 0 -1,109 

Jun 201 0 70.57 1,651 0 -1,451 

Jul 203 0 90.09 2,108 0 -1,905 

Aug 207 0 90.87 2,126 0 -1,919 

Sep 205 0 93.62 2,191 0 -1,986 

Oct 216 591 60.7 1,420 0 -614 

Nov 217 2,614 26.19 613 2,218 0 

Dec 238 3,856 11.09 259 2,604 1,230 

TOT 2,580 18,000 

 

  9,873 3,044 

 

 

The negative values mean that there will be an excess of energy during those months. In 

order to eliminate the excess of solar energy a special dissipation device has to be 

installed (see section 3.4) 

 

The oil boiler’s power is selected according to the recommendations of the Spanish 

manufacturer Roca. For an area of 210 m2, a power of 30,000 kcal/h is recommended; 

that is, 35 kW.  

 

A wrong approach would be to think that there is no need to install such a big boiler, as 

we already have two complementary energy sources, i.e., solar energy and biomass. The 

boiler is chosen only according to the total area to be heated up, since this is a back-up 

element, and it has to be able to cover all the demand in case there is no solar energy and 

the biomass boiler is not working due to, for instance, lack of wood. 

 

The chosen boiler is Laia 30 GTA Confort of the Spanish manufacturer Roca. It delivers 

32 kW and  has a built-in water storage tank of 150 liters (see Fig.17). 
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3.4 Comparison between energy sources 

 

In this section all the data concerning the different energy sources calculated until now 

will be summarized and represented in a graphical way. 

 

The distribution of the different energy sources used to cover the DHW and space heating 

demands  are summarized in Table 18 . 

 

Table 18- Distribution of different energy sources 

 

DHW demand 

[kWh] 

Heating 

demand 

[kWh] 

Used solar 

energy [kWh] 

Biomass 

energy [kWh] 

Required oil 

energy [kWh] Total 

Jan 238 4,058 214 2,604 1,478 4,296 

Feb 211 2,987 509 2,352 337 3,198 

Mar 225 2,246 1230 1,241 0 2,471 

Apr 209 1,594 1236 567 0 1,803 

May 212 166 378 0 0 377 

Jun 201 0 201 0 0 201 

Jul 203 0 203 0 0 203 

Aug 207 0 207 0 0 207 

Sep 205 0 205 0 0 205 

Oct 216 591 807 0 0 807 

Nov 217 2,614 613 2,218 0 2,832 

Dec 238 3,856 259 2,604 1,230 4,093 

TOTAL 2,580 18,112 6,062 11,585 3,044 20,269 

 

The biomass and the oil needed were previously calculated in section 3.3.  

Figure 17- Characteristics of the oil boiler Laia 30 GTA 
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The used solar energy is calculated in the following way:

 

� When there is a 

used. That is, the value in the column is equal to the total output of the solar 

collectors. 

 

� When there is a 

used is equal to the sum of the DHW and heating demands; the remainning solar 

output from the collectors being dissipated in the aerotemper.

 

The values shown in Table 18 can be graphically repres

the variations through out the year. 

 

 

 

 

 

 

 

 

Figure 18

 

And a representation of the percentage of the total energy 

source can be found in Fig. 1

 

 

 

 

 

Figure 
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Solar Energy [kWh]
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Energy sources
Solar energy

Biomass energy 

Oil energy 

The used solar energy is calculated in the following way: 

When there is a solar energy deficit, i.e. in winter months, all the solar energy is 

used. That is, the value in the column is equal to the total output of the solar 

When there is a solar energy surplus, i.e. in summer months, the solar energy 

used is equal to the sum of the DHW and heating demands; the remainning solar 

output from the collectors being dissipated in the aerotemper.

The values shown in Table 18 can be graphically represented in order to better understand 

the variations through out the year. (Fig. 18) 

18- Distribution of the energy sources to cover the total energy needs

And a representation of the percentage of the total energy needs covered by each energy 

source can be found in Fig. 19. 

Figure 19 - Percentage distribution for each energy source 
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, i.e. in winter months, all the solar energy is 

used. That is, the value in the column is equal to the total output of the solar 

, i.e. in summer months, the solar energy 

used is equal to the sum of the DHW and heating demands; the remainning solar 

output from the collectors being dissipated in the aerotemper. 

ented in order to better understand 

Distribution of the energy sources to cover the total energy needs 

needs covered by each energy 
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3.5 Dissipation device 

 

As it was said before, during certain months there will be overproduction of solar energy. 

This happens especially in summer when the energy output from the solar collector is 

higher than the energy needs for the particular month. For example, in September the 

output of the solar collectors is 2,191kWh, whereas the energy demand is 205kWh 

(corresponding to DHW)12; there is, therefore, an energy surplus of 1,986kWh that has to 

be dissipated to avoid damage in the solar circuit. The device in charge of this energy 

dissipation is called “aerotemper”. The Spanish company Roca manufactures different 

kinds of devices for a wide range of powers to be dissipated13. 

 

The sizing of this element is done for the month with the highest solar radiation, that is, 

September. In this month, the average solar intensity is14 578 8 �
�	> and the efficiency is 

59.98%, therefore, the power delivered to the water is: 

 

} = 23.4['Z] · 0.5998 · 578 / +
'Z5 = 8,112[ +

'Z] 
 

Considering a security factor of 2, for hot days with a high radiation, the actual power of 

the device will be: 

 

} = 2 · 8,112 / +
'Z5 = 16.2 /J+

'Z 5 = 14,000[J#&%
ℎ ] 

 

In order to find out which model of aerotemper has to be installed, there are some 

correction factors that have to be used when the actual conditions are not shown in the 

tables of technical specifications. 

 

Considering a hot day with a high temperature (T=40ºC), the water temperature being 

100ºC, the correction factor is 1.1 and the modified power is: 

 

} = 14,000
1.1 = 12,727[J#&%

ℎ ] 

                                                      
12

 See Table 16 
13

 See Appendix 5 for technical specifications 
14

 See table 12 
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Then, the chosen model is UL-210, which dissipates 12,050[�D�9
� ] in those modified 

conditions. 

 

 

3.6 Pipes and circulation pump 

After sizing the main elements of the solar circuit (solar collectors and storage tanks), it is 

necessary to define the diameter of the pipes and the necessary power of the pumps to 

guarantee the proper circulation in the solar circuit. 

 

According to the Spanish legislation there are several rules that must be fulfilled [14]: 

 

a) When working with pipes made of cupper, the circulation speed will be below 

1.5m/s 

b) The maximum pressure drop will be 40 mm of water column per meter of pipe. 

 

After getting a first approximation to the diameter, the compliance of these two rules will 

be verified.  A good approximation to the diameter of the pipes can be obtained from the 

following formula [13]: 

 

* = K · L@.PG 

 

Where: 

 

D: diameter of the pipe [#'] 
 

J: 2.2 for metallic pipes 

 

C: Water flow in [��
� ] 

 

On the other hand, the manufacturer of the solar collectors recommends a water flow in 

the collector between 50 and 70 89:;��<
�·�	 >. Considering a flow of 50 89:;��<

�·�	 >, the total flow in 

the primary solar circuit is 50 89:;��<
�·�	 > · 23.4['Z] = 1.17[��

� ]  
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Therefore, the recommended diameter is: 

 
� = K · L@.PG = 2.2 · 1.17@.PG = 2.32[#'] = m�[ll] 

 

Then, the chosen pipe is 23x25 [mm] according to the Spanish Standard UNE-EN 1057. 

 

The next step is to verify the rules stated previously: 

 

a) U = �
� = Y.Y�[��

� ]
�·(@.@YYG)	[�	] = 2,816 8�

� > = 0.78 8�
< > < 1.5 8�

< >  → �M! 

b)   }1.22n1. �1$- = 15 8�� ED
� > < 40 8�� ED

� >  → �M! 
 

 

 

 

 

 

 

 

 

 

 

 

 

Once all the elements of the solar circuit are defined, it is possible to calculate the most 

unfavorable pressure drop in the circuit. The total pressure drop will be the sum of the 

pressure drops in each element: 

 

∆}�$� = ∆}#$%%.#�$12 + ∆}-0-.2 + ∆}.%.'.3�2 + ∆}ℎ.&� .�#ℎ 

 

∆��c��z�ec|� 

There are in total 12 solar collectors, assuming that they are assembled in series in 3 

groups, each group having 4 collectors in parallel, the total pressure drop will be the sum 

of the pressure drop in each group. A sketch showing a parallel connection of 3 collectors 

can be seen in Fig. 21. 

 

Figure 20- Pressure drop in the pipe 
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On the other hand, the pressure drop for a group of 4 collectors assembled in parallel is: 

 

∆}I1$n- = ∆}#$%%.#�$1 · p · (p + 1)
4  

 

As was said before the water flow is 5089:;��<
�·�	 > · 1.95['Z] = 97.5[ 9

�], and the pressure 

drop is obtained from the diagram shown in Fig.22. 

 

∆} = 7['(&1]=0.07[m w.c.] 

 

 

 

 

 

 

 

 

 

 

 

 

∆}I1$n- = 0.07 · 4 · (4 + 1)
4 = 0.35 [' R. #. ] 
 

And, as there are 3 groups of collectors in series, the total pressure drop is: 

 

∆}#$%%.#�$12 = 3 · 0.35 = �. w� [l �. �. ] 
 

∆��g�z�+∆�z�zlzhe� 

Figure 21- Parallel connection of solar collectors 

Figure 22- Pressure drop diagram for the solar collector 
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As it was calculated before,  ∆}-0-.2 = 15 8�� ED
� >. The pump has to be defined for the 

worst possible case, that is, considering the highest pipe length. As we know, in the solar 

circuit there are 3 elements in parallel, the DHW storage tank, the heating storage tank 

and the aerotemper. The highest length pipe corresponds to this device, as it is installed 

outdoors in the façade facing north, whereas the storage tanks are located indoors, closer 

to the solar collectors. The length of this stretch is assumed to be 50 meters. 

 

On the other hand, there are a number of elements like gate and globe valves, 90º bends, 

Tee’s, etc. This elements are considered to have an “equivalent length”, that is, the 

element can be defined by the length of pipe that will cause the same pressure drop as the 

element itself. For example, for a pipe diameter of 23mm, a gate valve has an equivalent 

length of  about 2.5meters and a 90º bend an equivalent length of 0.65meters. 

 

Then, considering a security factor of 1.8 to include the pressure drop induced by this 

elements, the total length of pipe to be considered is: 

 

� = 1.8 · % = 1.8 · 50['] = 90['] 
 

Finally, the pressure drop can be calculated as: 

 

∆}-0-.2 = 90['] · 15 8'' R#
' > = �. ��[l �. �. ] 

 

 

∆�kz{e z��k{hxz| 

 

This term of the pressure drop refers to the pressure drop in the heat exchanger of the 

aerotemper. The flow through the UL-210 is 1,170 [ 9
�], therefore the pressure drop is 

obtained in Fig. 23 and has a value of: 

 

∆}ℎ. .. = w. � [l��] 
 

 

Finally, after calculating the individual pressure drops of the different element, the total 

pressure drop can be calculated. 
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∆}�$� = [. L.· (∆}#$%%.#�$12 + ∆}-0-.2 + ∆}.%.'.3�2 + ∆}ℎ.&� .�#ℎ) 

 

∆�ece = 1.3 · (1.05 + 1.35 + 0.9) = �. �[l �. �. ] 
 

Where S.C. is a security coefficient of value 1.3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Once the total pressure drop is known, it is possible to choose the pump. The pressure 

drop in the circuit is 4.3[' R. #. ] for a water flow of 1.17 8��
� >.  

 

The chosen pump model is the SP 25/6-B of the basque manufacturer Sedical that 

provides a drive height of around 4.7[' R. #. ] for a flow of 1.17 8��
� >, enough to 

compensate the pressure drop in the circuit. The characteristic curve of the pump is 

shown on Figure 24. 

 

 

Additionally, a variable speed drive is included to the pump since the operating point 

does not match the calculated point due to overdimensioning of the pump. It also helps 

adapting the pump’s curve to the changing conditions in the installation. A variable speed 

drive can provide important energy savings when compared to traditional valve control 

and is one of the best ways to achieve an energy efficient pumping process. 

 

Figure 23- Pressure drop in the aerotemper 
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3.7 Expansion vessel 

In almost every heating installation, it is necessary to install a device that is able to absorb 

the changing pressure conditions in the heat transfer fluid. These changing conditions can 

have two origins: the volume expansion due to the increased fluid temperature or water 

hammer due to fluid regulation. This element is called expansion vessel or expansion 

tank, and is one of the most important elements to guarantee good working conditions in 

a heating system. 

 

The sizing of this element is done according to the recommendations of the solar 

collectors’ supplier. According to this recommendations (see Fig. 25), for 12 solar 

collectors model Helliostar 218 S4, the expansion vessel must have a volume of 50 liters. 

 

 

 

 

 

Figure 24- Characteristic curve of the family of pumps SP (Sedical) 

Figure 25 - Expansion vessel volume according to the number of collectors. 
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3.8 Elements of the system 

 

Reached to this point, the most important elements of the system have been defined. A 

list containing these elements and their characteristics is found in Table 19 below: 

 

Table 19- List of elements in the installation 

 

 

 

 

 

 

 

 

 

 

 

Element Number Model Make Characteristics 

Solar collector 12 Heliostar 218 

S4 

Roth Spain See Appendix 

Oil Boiler 1 Laia 30 GTA 

Confort 

Roca P=32kW 

Storage of 

150liters 

Biomass boiler 1 Acqua Solzima Pmax=39kW 

η=80% 

DHW storage tank 1 WWM-300 Roth Spain 300 liters 

Solar Heating 

Storage Tank 

1 WWM-500 Roth Spain 500 liters 

Biomass Storage 

Tank 

1 WWM-500 Roth Spain 500 liters 

Circulation Pump 1 SP 25/6-B Sedical Hmax=5.7 m 

Dissipation device 1 UL-210 Roca See Appendix 

Expansion vessel 1 - Roth Spain 50 liters 
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3.9 Control System 

As was said before, the main objective of the regulation strategy of the installation is to 

give absolute priority to the renewable sources such as solar energy and biomass. 

Therefore, the control of the valves and pumps of the system is designed according to that 

priority. 

 

As was commented on in previous sections, the installation is divided basically in four 

circuits as shown in Fig. 26: solar primary circuit, biomass primary circuit, DHW 

secondary circuit and radiant floor secondary circuit. 

 

Figure 26- Basic configuration of the installation 

 

In order to better understand the control strategy it is necessary to understand how the 

installation works. A brief explanation is included for that purpose: 

 

The solar primary circuit gathers the heat from solar radiation and tries to keep the 

temperatures in the DHW and solar heating accumulators at the target temperatures of 45 

and 60ºC respectively. 

 

If there is a demand for DHW, the water is extracted from the solar DHW storage tank 

and, if the temperature is not enough, it is warmed up to the target temperature of 45ºC. 

On the other hand, in the case there is a space heating demand, the water coming from the 
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radiant floor system at a temperature of around 30ºC is preheated in the solar storage 

tank; in case this temperature increase is not enough the water will go to the biomass 

storage tank. If the temperature of the outgoing water from the biomass storage tank has 

not reached the target value for the radiant floor set at 50ºC, the oil boiler will provide 

that necessary heat.  

 

Once the overall working strategy of the system has been explained, the control strategy 

used in every circuit is explained with more detail. 

 

� Solar primary circuit 

The solar primary circuit is made up of the 12 solar collectors, the DHW storage tank 

(300 liters), the solar heating storage tank (500 liters) and the aerotemper.  Furthermore, a 

circulation pump and two three-way valves (see Fig. 27). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

As can be seen, there are three branches (subsystems) installed in parallel. The mixture of 

water and ethylene-glycol will flow through the branches according to the following 

principles: 

 

 

Figure 27- Solar primary circuit 
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• DHW storage 

The DHW storage tank has the highest priority. This is achieved in the following 

way: 

 

"D�99�D;�� >  "��� +  "���B�   �  P1 working 

&3� 

"��� < 45ºL    �V1  position B�AB 

 

• Solar heating Storage 

After the DHW storage tank is heated up to 45ºC, the hot fluid flows to the space 

heating storage tank.  

 

"D�99�D;�� >  "���;:¡� +  "���;:¡�B�  � P1 working 

&3� 

"��� ≥ 45ºL    � V1 position A�AB 

&3� 

"���;:¡� < 65 ºL    � V2  position B�AB 

 

• Aerotemper 

Once both storage tanks are heated up to their respective target temperatures, the 

dissipation device works in order to dissipate the extra incident energy. The 

conditions for the activation of this subsystem are: 

 

"D�99�D;�� >  "����;��£�� + "����;��£��B�  � P1 working 

&3� 

"��� ≥ 45ºL    � V1  position A�AB 

&3� 

"���;:¡� ≥ 65 ºL    � V2  position A�AB 

 

 

� Biomass primary circuit 

The function of this subsystem is to serve as a back-up to the solar collectors in an 

environmental friendly way. The water from the stove will circulate when its temperature 

inside the stove is over 70ºC until the target temperature in the storage tank of 50ºC is 

reached. 
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"���;:¡� < 50ºL    Xp*    "<;�¤� > 70ºL → }2 R$1J03I 

 

 

 

 

 

 

 

 

 

Additionally, a three-way valve is installed in order to guarantee a temperature over 50ºC 

in the incoming water. This is usually done, since the tubes of the biomass boiler are 

vulnerable to corrosion. By setting a return temperature over 50ºC, condensation is 

avoided and a longer working life of the boiler can be guaranteed [10]. 

 

 

� DHW secondary circuit 

This subsystem is considerably simpler and consists of the oil boiler (see Fig. 29) 

 

 

 

 

 

 

 

When there is a demand for hot water, the water is heated up in the solar storage tank. As 

was said before, in that tank the water can be heated up to 45ºC. If the temperature 

reached in the solar tank is not enough, i.e., there is not enough solar radiation, the oil 

boiler will heat up the water to the target temperature (45ºC). 

 

 

 

Figure 28- Biomass boiler circuit 

Figure 29- DHW secondary circuit 
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� Radiant floor heating secondary circuit 

 
The heating secondary circuit consists of the solar heating storage tank, the biomass 

storage tank and the oil boiler. These are the heat sources, the heat being delivered to the 

different rooms through the radiant floor. A sketch of this subsystem can be found in Fig. 

30.  

 

 

The outgoing water from the radiant floor system will go through the circuit, and first it 

will be heated up in the solar storage tank, then in the biomass storage tank and finally in 

the oil boiler (if the temperatures in those tanks are high enough). Therefore, there is a 

priority for renewable sources; oil will never be used if solar energy and biomass are 

enough to cover the heating demand. 

 

The outgoing water from the radiant floor first reaches the three-way valve V4. There, the 

temperature of the water is compared with the temperature in the solar storage tank: 

 

� "E�;��B���;:¡� < "<;����� ;�¡� → U4 -$20�0$3 X¥ → X: Water is heated up in 

the solar storage tank 

� "E�;��B���;:¡� > "<;����� ;�¡� → U4 -$20�0$3 X¥ → ¥: Water flows to the next 

three-way valve 

Figure 30- Radiant floor heating secondary circuit 
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Valve V5 gets water either from the radiant floor or preheated water from the solar 

storage tank. Here again, the control is done according to the temperature of water: 

 

� "E�;��B���;:¡� < "<;����� ;�¡� → U5 -$20�0$3 X¥ → X: Water is heated up in 

the solar storage tank 

� "E�;��B���;:¡� > "<;����� ;�¡� → U5 -$20�0$3 X¥ → ¥: Water flows to the oil 

boiler 

 

If the water passing through valves V4 and V5 still has not reached the target temperature 

of 50ºC, the oil boiler will heat it up to that temperature.  

 

As was said before, the water temperature in the radiant floor circuit is of around 45ºC. 

The incoming water from the oil boiler will be mixed in the valve V6 with the outgoing 

water from the radiant floor circuit, in order to get the target temperature of 45ºC.  

 

Finally, it is important to say that the overall control of the radiant floor system is done 

according to the data collected by a temperature sensor located in the façade of the 

building. The information gathered by this sensor is used to control the working times of 

the pump P3, as well as the mixing three-way valve V6 and, therefore, control the 

incoming water temperature to the radiant floor. 
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3.10 Economic Analysis 

 

The main objective of this section is to carry out an economic assessment of the 

installation for two scenarios: a) the installation is granted a governmental subsidy b) no 

subsidy is considered. To do so, two economic variables will be studied: 

 

• NPV (Net Present Value): It is calculated by subtracting the value of the 

investment to the net cash flows (discounted to their present value) in a period of 

time. 

p}U = W*L¦ − �3§.2�'.3� 

 

As literature shows, a project is unequivocally beneficial when the NPV 

considering the appropriate rate of discount fulfils the next condition [11]: 

 

p}U > 0 

 

• IRR (Internal Rate of Return): It is defined as the discount rate at which the net 

present value of costs (negative cash flows) of the investment equals the net 

present value of the benefits (positive cash flows) of the investment [11]. 

 

Then, it is necessary to define, first, the investment and operational costs and, second, the 

incomes of the installation. These values will be compared over a period of 20 years, 

which is the assumed project life. It is important to note that this kind of installations can 

benefit from substantial subsidies from the regional and national administrations, 

reducing the investment costs. 

 

 

3.10.1 Investment costs 

These costs refer to the initial outlay made by the owner of the house. In case the owner 

got external financing or governmental subsidies the investment cost will be reduced in 

that amount. That is, they don’t compute as investment cost. 
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On the other hand, as the analysis is going to be made as a comparison with respect to a 

conventional heating system only using oil as the energy source, only the investment 

costs of the elements to be added have to be considered. 

An estimate of the installation is shown in Table 20. 

 

Table 20- Estimated investment costs of the installation 

Element Investment 

Solar installation 20,000 € 

Biomass 5,000 € 

Total 25,000 € 

 

 

Additionally, the solar installation can benefit from a subsidy of 30% of the investment 

cost from the government of Navarra15. On the other hand, the biomass installation has no 

possibility of getting any kind of governmental subsidy. 

 

 

3.10.2  Revenues 

The revenues in this installation are the economic savings obtained by the reduction of 

the oil consumption as the installation will mainly work with renewable sources which 

imply no additional cost.  

 

The economic saving is calculated using the following formula: 

 

[&§03I[€] = H3.1I4 2&§.� [J+ℎ]
� · LHV[J+ℎ

% ]
· }10#. [€

% ] 

 

For a boiler efficiency of � = 0.8, a low heating value for the fuel of LHV = 10[���
9 ] and 

a price for the oil of  1€/%, the economic savings can be derived from the energy savings 

as seen in Table 21. 

 

 

                                                      
15

 See Appendix 3 for further information 
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Table 21- Energy and economic savings of the installation 

  Solar energy Biomass Total 

Energy contribution [kWh] 6,062 11,585 17,647 

Economic saving [€] 758 1,448 2,205 

 

 

Then, the annual revenue can be estimated in 2,000 €/year. The value is rounded down 

to 2,000€ as there will be extra days in the year that there is a surplus of solar energy and 

in which oil energy has to be used. This can happen especially in the transition months 

between winter and summer. This has to be considered as a security coefficient when 

performing the economic analysis. 

 

 

3.10.3  Profitability analysis 

Once the revenue and cost analysis has been carried out, the next step is to calculate the 

NPV (Net Present Value) and IRR (Internal Rate of Return) of the installation for a 

working life of 20 years. 

 

First of all, some general assumptions have to be made: 

 

• The inflation is constant over the 20 years at a rate of 3.5%. 

•  The solar installation got a subsidy of 30% from the government of Navarra. 

• Half of the investment is financed by a bank. The loan term is 10 years at an 

interest rate of 4%. 

• The O&M costs are 100 € the first 10 years and 500 € the following years. 

• The oil price is assumed to increase by 3.5% every year. 

• Taxes are 0%. 

• The cost of electricity for the aerotemper is neglected 

 

With these assumptions, the Pay-Back time of the investment is 10 years with a 

profitability of 13% for a project life of 20 years, as can be seen in Fig. 31. 
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Figure 31- IRR, NPV and Pay-Back of the installation 

 

A detailed yearly economic analysis for the 20 years of project life considered is shown in 

Table 22. 

 

Table 22- Detailed economic analysis of the installation 

        Loan                    Income         

Year Revenue Costs Remaining Principal Interests Amortiz EBITDA EBT Taxes Subsidy 

Net 

Income 

Cash 

flow 

Net 

Cash 

Flow 

0 

           

-12,500 -12,500 

1 2,000.0 100 12,500 1,017 563 1,250 1,900.0 87.5 0 6,000 6,087.5 6,320.3 -6179.7 

2 2,070.0 103.5 11,483 1,063 517 1,250 1,966.5 199.8 0.0 0 199.8 386.8 -5793.0 

3 2,142.5 107.1 10,420 1,111 469 1,250 2,035.3 316.4 0.0 0 316.4 455.6 -5337.4 

4 2,217.4 110.9 9,309 1,161 419 1,250 2,106.6 437.7 0.0 0 437.7 526.8 -4810.5 

5 2,295.0 114.8 8,148 1,213 367 1,250 2,180.3 563.6 0.0 0 563.6 600.6 -4210.0 

6 2,375.4 118.8 6,935 1,268 312 1,250 2,256.6 694.5 0.0 0 694.5 676.9 -3533.1 

7 2,458.5 122.9 5,667 1,325 255 1,250 2,335.6 830.6 0.0 0 830.6 755.8 -2777.3 

8 2,544.6 127.2 4,343 1,384 195 1,250 2,417.3 971.9 0.0 0 971.9 837.6 -1939.7 

9 2,633.6 131.7 2,958 1,447 133 1,250 2,501.9 1,118.8 0.0 0 1,118.8 922.2 -1017.5 

10 2,725.8 136.3 1,512 1,512 68 1,250 2,589.5 1,271.5 0.0 0 1,271.5 1,009.8 -7.7 

11 2,821.2 500.0 0 0 0 1,250 2,321.2 1,071.2 0.0 0 1,071.2 2,321.2 2,313.5 

12 2,919.9 517.5 0 0 0 1,250 2,402.4 1,152.4 0.0 0 1,152.4 2,402.4 4,715.9 

13 3,022.1 535.6 0 0 0 1,250 2,486.5 1,236.5 0.0 0 1,236.5 2,486.5 7,202.5 

14 3,127.9 554.4 0 0 0 1,250 2,573.6 1,323.6 0.0 0 1,323.6 2,573.6 9,776.0 

15 3,237.4 573.8 0 0 0 1,250 2,663.6 1,413.6 0.0 0 1,413.6 2,663.6 12,439.6 

16 3,350.7 593.8 0 0 0 1,250 2,756.9 1,506.9 0.0 0 1,506.9 2,756.9 15,196.5 

17 3,468.0 614.6 0 0 0 1,250 2,853.3 1,603.3 0.0 0 1,603.3 2,853.3 18,049.8 

18 3,589.4 636.1 0 0 0 1,250 2,953.2 1,703.2 0.0 0 1,703.2 2,953.2 21,003.0 

19 3,715.0 658.4 0 0 0 1,250 3,056.6 1,806.6 0.0 0 1,806.6 3,056.6 24,059.6 

20 3,845.0 681.4 0 0 0 1,250 3,163.6 1,913.6 0.0 0 1,913.6 3,163.6 27,223.2 

 

Where: 

EBITDA: Earnings Before Interests Taxes Depreciation and Amortization 

EBT: Earnings Before Taxes 

 

 

IRR: 13% 

NPV: 6,113.87 € 

Pay-Back 10 years 
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3.10.4 Profitability analysis considering no subsidies 

 

In this section, the same profitability analysis is carried out considering no governmental 

subsidies in order to better understand the cost effectiveness of this installation. 

 

If no subsidy is considered, the NPV of the installation is p}U = −665.63€ <  0 and, 

therefore, the project should be rejected. A brief discussion over these values is carried 

out in section 4. 

 

3.11 Environmental savings 

 

As it was commented on before, the use of renewable sources has an important immediate 

effect, a reduction in the oil consumption and, therefore, a reduction in CO2 emissions.  

Nowadays, CO2 emissions account for 50% of the Greenhouse Gases (GHG) emissions. 

These gases are thought to have a vital role in the global climate change. Different 

scenarios suggest that the global CO2 emissions may rise up to 10 times by year 2100 

compared to the emissions in 1990 [4]. This would lead to an increase in the CO2 

concentration in the atmosphere over the point of no return (450ppm) over which the CO2 

emissions would rise even if humans start reducing the emissions. The forecasted 

temperature increase could be of up to 2ºC by 2050 and up to 5ºC by 2100 with respect to 

the pre-industrial era levels as many models suggest [5]. 

 

Therefore, it is of vital importance to develop new alternatives that guarantee a 

sustainable future for next generations. Covering the heating and hot water needs of 

residential and commercial buildings with solar or renewable energy is a cost-effective 

alternative that has been included in the Spanish strategy against climate change.  

 

In the installation under study, there are two renewable sources of energy: solar energy 

and biomass. A solar thermal installation emits no CO2 during its working life and has 

very low CO2 emissions when considering a Life Cycle Analysis (LCA). On the other 

hand, biomass is assumed to have zero emissions of CO2, as the CO2 released during the 

combustion process was previously captured by the forests. Consequently, the long term 

effect of biomass burning is zero emissions as long as forests are sustainably managed.  
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As was calculated before, the yearly renewable energy amount in the installation is 

17,647kWh, this is equivalent to: 

 

¬g� {®ghx� [�] = \.3.R&(%. .3.1I4[J+ℎ]
� · ��U[J+ℎ

% ]
= 17,647[J+ℎ]

0.8 · 10[J+ℎ
% ]

≅ m, www[�] 

 

On the other hand, the specific CO2 emissions of diesel oil are 2,639[�A�Z
�� ] and the 

density of diesel oil is0.85 [��
9 ]. 

 

Then, the reduction of CO2 emissions can be obtained as: 

 

�¬m |z°d�egch = 2,000[%] · 0.85[JI
% ] · 2.64[JIL�2

JI $0% ] ≅ �. � ech� �¬m
yz{|  
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4 Discussion 

 

There were basically three limitations when carrying out this project; two of them are 

directly related to the solar energy itself, whereas the third one is related to the input data 

used and the simulation program used. 

 

The first main limitation is that solar energy is not enough to cover the demands for 

DHW and space heating in a cost effective way in a house in Spain. As it is widely 

known, solar energy can be very efficient when it comes to covering the DHW demand of 

a building. Annual solar fractions over 80% are very easy to achieve with no more than 3 

solar collectors for a single family house like the one under study. But when considering 

both DHW and heating, i.e. “combisystems”, the main problem is that the energy peak 

demand takes place during winter months, when solar radiation reaches its minimum 

value. Therefore, if a high percentage of this demand wants to be covered a large number 

of solar collectors must be installed. 

 

The second limitation is deducted from the first one: in order to cover heating demands a 

high number of collectors has to be installed, which leads to high costs. It has been 

proved that solar energy can be profitable to provide a high share of the DHW demand, 

especially in regions like the south of Spain; but when dealing with installations in the 

north of Spain, these installations provide poorer results and, therefore, involve higher 

costs. Regional governments all over Spain provide subsidies in order to make these 

systems profitable and encourage their installation. In this particular case, with a subsidy 

of 30% granted by the government of Navarra; the installation has a Pay-Back of 10 years 

with an IRR of 13%. On the other hand, if no governmental subsidy was granted the 

investment in this particular solar installation should be rejected as the NPV is negative. 

 

The third limitation is related to the input data used for both hand calculations and the 

simulation program. When performing hand calculations, a simple model of the building 

was considered, and the building was assumed to be orientated to the South to simplify 

the calculations. Additionally, monthly values of average temperatures and radiation 

levels were used. On the other hand, the simulation program (ACSol) uses hourly values 

to carry out the simulation but, other simplifications are also considered: the building is 

defined according to the areas of façade facing to every direction; there are limited 

possibilities for the connection of the solar collectors, etc.  
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Additionally, some other assumptions and simplifications were made. These do not affect 

the final results but simplify the calculation procedure. Thus, the electricity consumption 

in the aerotemper was neglected for both the economic and environmental calculations, 

the heat losses in the distribution system were neglected and the heat exchange in the 

storage tanks was assumed to be ideal (100% efficiency). 

  

In spite of everything, it can be said that the hand calculations were a quite good first 

approximation for the sizing of the installations, the deviations with respect the 

simulation being quite reasonable.  



5 Conclusions

 

This project shows the successful integration of two sources of renewable energy: solar 

energy and biomass. In this facility, renewable energies have absolute priority over 

traditional energy: solar energy provides heat accumulation for both DHW and heating, 

while the biomass boiler provides extra energy when the owner turns on the fireplace in 

times when there is an increased demand for heating. On the other hand, the oil boiler 

provides support for both DHW and heating.

 

The final system is made up of 

(P=30kW), 1 oil boiler (P=32kW)

storage tank for space heating (500 liters), 1 biomass storage tank for space heating 

(500 liters), and an 

DHW are the solar collectors while the oil boiler serves as a back

in the case of space heating, both the biomass and the oil boiler work as a back

solar installation. The chosen terminal 

perfectly adapts to the low temperature of a solar thermal system. 

elements are installed like pumps, 

etc.  

 

The total energy needs

space heating and 2.5 MWh correspond to domestic hot water. These energy needs are 

covered by the three energy sources in the following proportion: 

energy 29% and oil 15%.

total energy demand can be found in Fig. 
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Conclusions 

project shows the successful integration of two sources of renewable energy: solar 

energy and biomass. In this facility, renewable energies have absolute priority over 

traditional energy: solar energy provides heat accumulation for both DHW and heating, 

ile the biomass boiler provides extra energy when the owner turns on the fireplace in 

times when there is an increased demand for heating. On the other hand, the oil boiler 

provides support for both DHW and heating. 

The final system is made up of 12 solar collectors (A=1.95 m2

1 oil boiler (P=32kW), 1 storage tank for DHW (300 liters), 1 solar 

storage tank for space heating (500 liters), 1 biomass storage tank for space heating 

and an underfloor radiant heating system. The main energy sources for 

DHW are the solar collectors while the oil boiler serves as a back-up. On the other hand, 

in the case of space heating, both the biomass and the oil boiler work as a back

The chosen terminal heating device was a radiant floor system, as it 

perfectly adapts to the low temperature of a solar thermal system. 

elements are installed like pumps, an aerotemper, expansion vessels, three

total energy needs of the house are of 20.5 MWh, of which 18MWh correspond to 

space heating and 2.5 MWh correspond to domestic hot water. These energy needs are 

covered by the three energy sources in the following proportion: biomass 56%, solar 

oil 15%. The monthly distribution of these energy sources to cover the 

total energy demand can be found in Fig. 32.  
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Figure 32- Monthly distribution of the three sources of energy
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project shows the successful integration of two sources of renewable energy: solar 

energy and biomass. In this facility, renewable energies have absolute priority over 

traditional energy: solar energy provides heat accumulation for both DHW and heating, 

ile the biomass boiler provides extra energy when the owner turns on the fireplace in 

times when there is an increased demand for heating. On the other hand, the oil boiler 

2), 1 biomass boiler 

1 storage tank for DHW (300 liters), 1 solar 

storage tank for space heating (500 liters), 1 biomass storage tank for space heating 

The main energy sources for 

up. On the other hand, 

in the case of space heating, both the biomass and the oil boiler work as a back-up for the 

heating device was a radiant floor system, as it 

perfectly adapts to the low temperature of a solar thermal system. Additionally, other 

expansion vessels, three-way valves, 

, of which 18MWh correspond to 

space heating and 2.5 MWh correspond to domestic hot water. These energy needs are 

biomass 56%, solar 

onthly distribution of these energy sources to cover the 
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One of the problems with the installation, is the need for back-up boilers (biomass and 

oil), which significantly increase the investment costs. In this case, given the subsidy that 

was granted by the Government of Navarra, this is not a problem. However, it serves to 

emphasize how necessary it is to achieve a cost reduction if these systems are to become 

a widespread clean, energy and efficient energy source for housing. 

 

As for the economic calculations, it can be seen that the facility has a Pay-Back of 10 

years with a profitability of 13%,  when the subsidy from the Government of Navarra is 

considered. In addition, the availability of renewable and free energy entails savings of 

2,000 liters of fuel a year, which means avoiding the emission to the atmosphere of 4.5 

tones of CO2 each year. In the case that no subsidies were granted, the investment on this 

installation would have a negative NPV and, therefore, should be rejected. If that was the 

case, the environmental benefits in form of reduced CO2 emissions would be the only 

driving force for the project. 

 

Finally, it is important to underline that, with proper support from the different 

governments involved, solar thermal energy may become a promising source of energy to 

cover much of the energy needs of an average home, obtaining also a significant 

environmental benefit. 
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Appendix 1: Plans of the building 
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Appendix 2: Calculation of the heating demand 
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Appendix 3: Subsidies for the solar installation 

 

The government of Navarra, under the climate change strategy, grants subsidies for 

different installation working with renewable energy. 

The purpose of these subsidies is to contribute to the development of different renewable 

energy technologies and achieve the objectives in both the Navarra Energy Plan and the 

Renewable Energy Plan in Spain. These subsidies are the result of an agreement between 

the Government of Navarra and the IDAE (Institute for Energy Diversification and 

Energy Saving) a publicly-owned entity that reports to the Spanish Ministry of Industry. 

In the case of a solar system without architectural integration for DHW and space heating, 

with a biomass boiler support; the subsidy accounts for 30% of the investment cost of the 

solar installation (see Fig.1). A biomass installation, when included as a back-up for a 

solar system, does not get the corresponding subsidy for a biomass installation. 

 

  

Fig. 1- List of subsidies for different renewable energy systems (Source: navarra.es) 
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Appendix 4: AcSol 2.5 

 

AcSol 2.5 is a TRYNSIS based simulation software designed by the Energy Agency of 

Andalucía (Spain). It was conceived as a simple but complete software developed to help 

engineers design solar thermal installations that fulfill the conditions and requirements set 

by the CTE. Therefore, one just needs to define as inputs the particular data for the 

installation like the envelope of the building or the area of solar collectors. Other data like 

the type of DHW distribution, the characteristics of the radiant floor system or the default 

temperatures of the control system are set to default values for the compliance of the CTE 

standards and more specifically the HE4 document. 

Finally, it is important to underline that simulation software is just a tool to help the 

technician to design the installation and it has to be critically used; it should never replace 

the design process. 

The main menu of the program lets the user choose between different solar system 

configurations (Fig. 1). 

 

Fig. 2- Main menu of AcSol 2.5 
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The first line in Fig. 1 refers to apartment buildings with different configurations: 

centralized accumulation, distributed accumulation, mixed accumulation, etc.; whereas 

the second line refers to family houses with configurations like DHW + heating and 

DHW + swimming pool. 

 

After choosing the option DHW + heating, a new menu pops up (Fig. 2). This is the input 

data menu that consists of different tabs in which to define the input data: 

 

� External Conditions 

� Solar Surface 

� Demand 

� Terminal Unit 

� Control 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� External Conditions 

In this tab the location of the building is chosen as well as the design temperatures for 

winter and summer. All the weather data for the 8,760 hours of the year is stored in 

different files for different Spanish cities. 

 

 

 

Fig. 3- Input menu of AcSol for a DHW + heating configuration 
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� Solar System 

In this tab the solar system is defined: area, tilt and azimuth of the collectors, 

efficiency curve, characteristics of the heat transfer fluid and characteristics of the 

storage tanks. A snapshot of part of this tab is shown in Fig. 3. 

 

 

 

 

� Demand 

In this tab the energy demand for hot water and space heating is defined. For DHW, 

the daily demand, as well as the target temperature has to be defined. The space 

heating demand is set by defining the envelope of the building (area of walls and 

windows and its U-values for each façade (see Fig. 4)), the area and volume to be 

heated, the target temperature for the heating system and the air change rate. 

 

 

 

 

 

�  

�  

 Fig. 5- Values to define the envelope of the building 

Fig. 4- Collector characteristics input 
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� Terminal Unit 

When using AcSol 2.5, two different types of terminal units can be used: fan-coils or 

radiant floor. In this project, a radiant floor system was installed. To define the 

radiant floor system, the material of the tubes has to be defined as well as some 

geometrical and lay-out considerations (diameter of the tube, type of floor surface 

and thickness, etc.). 

 

� Control Unit 

The last tab is about the control system of the installation. Here, the priority for the 

solar energy has to be defined (DHW or space heating), as well as the target 

temperature in the storage tanks and the temperature difference between the solar 

collector and the storage tank to activate and stop the pump.  

 

Once the input data is defined, the simulation software can be run and a solutions file 

is generated. These are the values that were shown in Table 10 and Fig. 15 in section 

3.1.5. 
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Appendix 5: Data sheets 

 

 



EnERGÍA SOLAR TéRMICA

Tarifa precios 2011 Sin IVA ni transporte Válida desde el 01.02.2011

RECAMBIOS Y COMPLEMENTOS

13

Descripción Referencia PVP €/ud

CAPTADOR PLANO DE ALTO RENDIMIENTO ROTH HELIOSTAR 218 S4 STECK

Captador plano Roth Heliostar 218 S4 Steck

Carcasa de policarbonato de alta calidad con marco de aluminio anodizado, resistente a las inclemencias 
meteorológicas y a los cambios de temperatura. Absorbedor de aluminio con recubrimiento altamente selectivo al vacío 
de 1,95 m2 de superficie efectiva y lámina de vidrio de seguridad.
Superficie: 2,18 m2 bruta, 1,97 m2 apertura, 1,95 m2 absorbedora.
Con 4 conexiones laterales conexión rápida Roth.
Para su instalación tanto en vertical como en horizontal sobre tejado sin inclinación adicional y para su 
instalación únicamente en vertical sobre tejado con inclinación adicional y sobre cubierta plana.

Para instalaciones de más de 5 captadores por bloque contacte con el departamento técnico.

Medidas: 1820 x 1200 x 109 mm.
peso 35 kg
NPS en trámite
Nº KeyMark – 011-7S819F
6 unidades por palé. 
  

Superficie absorbedora: 1,95 m2 Captador plano Roth Heliostar 218 S4 Steck 1115008962 595,00

Captadores solares ROTH

ROTH Heliostar 218 S4 Steck
Especificaciones técnicas

Medidas 1820 x 1200 x 109 mm
Superficie 2,18 m2 bruta
 1,97 m2 apertura
 1,95 m2 absorbedora
Conexiones 4, conexión rápida roth
Rendimiento η0= 77,10%
 k1= 3,68 W/m2·K
 k2= 0,0127 W/m2·K
Peso 35 kg
Presión de trabajo (Máx) 10 bar
Temperatura de reposo 208 ºC (bajo la norma EN 12975-2)
Capacidad 0,86 litros
Carcasa Policarbonato de alta calidad, resistente a las 

inclemencias meteorológicas y a los cambios de 
temperatura. Panel aislante posterior 50 mm.

Cubierta Vidrio solar de seguridad, 3,2 mm, bajo en 
hierro. Transmisión t= 91,6%

Absorbedor Aluminio con tratamiento altamente 
selectivo al vacío. Mirotherm.

Absorción a= 95%
Emisión e= 5%
Caloportante Aditivo para captador solar plano

η (%)

Curva de rendimiento (η) del captador plano 
ROTH Heliostar 218 S4 Steck

Diagrama de pérdida de carga el captador plano 
ROTH Heliostar 218 S4 Steck

Diferencial de temperatura captador - ambiente (ºK)
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Acumuladores domésticos - Hasta 1.000 litros
Descripción Referencia PVP €/ud

ACUMULADOR DOMÉSTICO MURAL
Acumulador Mural de 1 serpentín - 110 litros
depósito acumulador de acero al carbono vitrificado según dIn 4753. Con serpentín diseñado específicamente para 
su uso en sistemas de energía solar térmica, y ánodo con medidor preinstalado. Aislado térmicamente con espuma PU 
inyectado, libre de CFC y acabado exterior con forro acolchado desmontable. Para instalación mural y vertical.

Tª máx. ACS: 90 ºC presión máx. ACS: 8 bar
Tª máx. circuito primario: 200 ºC presión máx. circuito primario: 25 bar

  

WWL-110 (ø 480 mm / H 1.155 mm / serpentín 0,5 m2) 6030100143 755,00

Kit eléctrico 1,5 KW para acumulador WWL-110
Kit compuesto por resistencia cerámica 1,5 Kw, 230 V, termostato doble de regulación y seguridad y el 
correspondiente cableado y protecciones. La resistencia eléctrica cerámica está preparada para su instalación 
enfundada en el alojamiento que incorpora el depósito para este fin.
Longitud: 290 mm
  

Kit eléctrico para acumulador WWL-110 6030200008 88,40

ACUMULADORES DOMÉSTICOS DE UN SERPENTÍN
Acumulador Vitrificado de 1 serpentín
depósito acumulador de acero esmaltado según dIn 17100 con un serpentín, ánodo y termómetro en la zona 
superior. Aislamiento proyectado de poliuretano de 50 mm.

Tª máx. ACS: 95 ºC presión máx. ACS: 10 bar
Tª máx. circuito primario: 110 ºC presión máx. circuito primario: 10 bar

  

WWM-200 (ø 600 mm / H 1.333 mm / serpentín 0,91 m2) 6030100138 989,00

WWM-300 (ø 600 mm / H 1.790 mm / serpentín 1,36 m2) 6030100140 1.157,90

WWM-500 (ø 750 mm / H 1.853 mm / serpentín 1,95 m2) 6030100141 1.587,50

Acumulador de 1 serpentín - A partir de 750 litros (opción modelos CTE)
depósito acumulador de acero vitrificado de alta calidad conforme a dIn 4753, con intercambiador de serpentín de 
gran superficie.
Aislamiento de espuma de PU inyectado, libre de CFC y acabado exterior con forro desmontable. 
Diseñado para permitir su paso por puertas de hasta 80 cm.
Incluido ánodo de Magnesio con tester.

Temperatura máx. ACS: 90 ºC  presión máx. ACS: 8 bar
Temperatura máx. solar: 200 ºC presión máx. solar: 25 bar

WWL 750 y WWL 1000: Boca de hombre dn90
WWL 800 CTE y WWL 1000 CTE: Boca de hombre dn400 - Para cumplir CTE

  

WWL-750 (ø 950 mm / H 1840 mm / serpentín 2,70 m2) 6030100300 2.625,00

WWL-1000 (ø 950 mm / H 2250 mm / serpentín 3,30 m2) 6030100301 3.112,50

WWL-800 CTE (ø 950 mm / H 1840 mm / serpentín 2,70 m2) 6030100144 2.987,50

WWL-1000 CTE (ø 950 mm / H 2250 mm / serpentín 3,30 m2) 6030100145 3.477,50

Las medidas pueden estar sujetas a modificación.

Para tamaños no incluidos en esta tarifa, consultar con ROTH.
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Unitermos

UL
Para instalaciones de Calefacción por agua caliente, agua sobrecalentada, con proyección 
forzada de aire caliente.

Dimensiones y Características Técnicas

UNITERMO suspendido 
(con cáncamos de suspensión)UNITERMO mural 

(con soporte orientable)
UNITERMO mural 
(con soporte fi jo)

(*) El diseño del soporte permite su colocación tanto para alicatar como para empotrar.

Características principales
– Diseñado para trabajar hasta una 

temperatura máx. de 140°C (agua) y 8 bar de 
presión.

– Equipados con batería de intercambio de 
calor fabricada en cobre-aluminio.

– Ventilador helicoidal con motor trifásico 
230/400 V a 1.400 r.p.m. Incorpora clixón de 
protección sobretemperatura.

Forma de suministro
– Se suministra embalado, conteniendo en un 

solo bulto la unidad base con persiana
y soportes fi jos SF para alicatar o empotrar.

– Como accesorios opcionales se fabrican 
soportes orientables SO y cáncamos de 
suspensión CS.

– Preparados para funcionamiento con 
descarga de aire horizontal, vertical, o 
cualquier otra posición del eje del motor.

– Versión estándar, provista de soportes fi jos y 
aletas orientables para dirigir el chorro de aire.

– Soportes orientables y cáncamos de 
suspensión como accesorios adicionales.

– Envolvente de plancha de acero pintada.

(Alicatado)

(Empotrado) Salida agua

Entrada agua 

Salida agua 

Entrada agua

Interior 19 mm
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Potencia calorífi ca
Salto térmico Δt entre temperatura entrada y salida de agua en el 
UNITERMO 10 °C.

Unitermos

Factores de corrección
Para calcular la potencia aproximada de los 
UNITERMOS UL a temperaturas diferentes 
a las indicadas en la tabla superior, así como 
para el cálculo con salto térmico (Δt) entre las 
temperaturas de entrada y salida del agua al 
UNITERMO diferentes a 10 °C, se realizarán 
las correcciones oportunas de acuerdo con los 
factores indicados a continuación.

Factores de corrección de las potencias 
calorífi cas indicadas en la columna (1) con
temperaturas aire entrada a +15°C.
– Corrección potencia calorífi ca cuando la 

temperatura del aire a la entrada y/o la 
temperatura media del agua son diferentes a 
la indicada en las tablas.

Ejemplos aplicación ábacos 
anteriores
Primer ejemplo.
Se desea conocer la potencia calorífi ca 
de un UNITERMO UL-215 con fl uido agua 
sobrecalentada con una temperatura media 
de 140 °C. La entrada de aire es de 10 °C, 
siendo el Δt entre entrada y salida agua de 10 
°C. Para poder conocer el factor corrección 
realizaremos las siguientes operaciones:

Temp. media agua - Temp. aire entrada
            140 - 10 = 130 °C

Segundo ejemplo
Se desea conocer la potencia calorífi ca de un 
UNITERMO UL-214 con entrada agua a 90°C 
y salida a 70°C (Δt = 20°C), temperatura media 
agua de 80°C y entrada aire a +15 °C. 
Las potencias indicadas en las tablas columna 
(1) corresponden a un Δt = 10°C, por tanto,el 
factor corrección a aplicar para Δt = 20°C será 
de 0,85.

Para nuestro caso la potencia es de 21.500 
kcal/h, que aplicando el factor corrección será: 
Potencia tabla x Factor corrección 21.500 x 
0,85 = 18.275 kcal/h

– Corrección potencia calorífi ca para saltos 
térmicos (Δt) entre las temperaturas de 
entrada y salida agua diferente de Δt: 10°C.

Agua

Factor corrección potencia calorífi ca

Agua

Temp. media agua - Temp. aire entrada
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Agua

Temp. media agua - Temp. aire entrada

(Por tanto factor de corrección = 2)

La potencia del UL-215 indicada en tabla 
columna (1) para temperatura entrada aire 
+15°C es de 30.900 kcal/h.
Por tanto la potencia del UNITERMO en las 
condiciones del ejemplo será:
Potencia tabla, columna (1) x Factor correción 
30.900 x 2 = 61.800 kcal/h.

Para determinar la temperatura salida aire, 
aplicaremos la fórmula:

ts = +Temp. aire entrada
Potencia corregida

0,288 x Caudal aire, m³/h

ts =
61.800

0,288 x 4.140
+ 10 = 61,83 °C  62 °C
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Suspendidos
– La velocidad del aire en los límites de alcance
   indicados es de 15 m/min.
– Inclinación persianas aire de 45° en modelo  UL-210 y 

de 30° en los modelos UL-212,  UL-214, UL-215 y 
   UL-217.

Murales
– Inclinación persianas aire: en oposición a 45°.
– La velocidad del aire en los límites de alcance indicados es de 25 m/min.

Unitermos

Accesorios
Los accesorios disponibles para ser acoplados 
a los UNITERMOS son los siguientes:

SF. Soporte fi jo para empotrar o alicatar, 
utilizable para todas las versiones, en 
instalación mural.

SO. Soporte orientable para alicatar 
UNITERMO en versión normal, diseñado para 
instalación mural o suspendido indistintamente.

CS. Cáncamo de suspensión.

Gráfi co pérdida de carga Unitermos UL.
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Accesorios para circuito solar
Descripción Referencia PVP €/ud

Vasos de expansión de membrana fija
Para el circuito solar. Membrana fija.
Temperatura máxima de servicio 130 ºC.
Presión de precarga 2'5 bar. 
Conexión: rosca ¾".
Vaso expansión 12 L.: presión máxima de trabajo 10 bar.
Vaso expansión 24 L.: presión máxima de trabajo 8 bar.

Vaso expansión 12L. Ø 270 mm/ H 304 mm 6020400080 42,60

Vaso expansión 24L. Ø 270 mm/ H 405 mm 6020400081 54,90

Vasos de expansión de membrana recambiable
Para el circuito solar. Membrana recambiable
Temperatura máxima de servicio 130 ºC.
Presión de precarga 2'5 bar. Presión máxima de trabajo 10 bar.
Conexión vaso de expansión 35, 50 y 100 L: rosca 1".
Conexión vaso expansión 200L: rosca 1 ½".

Vaso expansión 35L. Ø 360 mm/ H 615 mm 6020400089 137,00

Vaso expansión 50L. Ø 360 mm/ H 750 mm 6020400090 175,90

Vaso expansión 100L. Ø 450 mm/ H 850 mm 6020400091 305,00

Vaso expansión 200L. Ø 485 mm/ H 1400 mm 6020400092 649,00

Guía para la elección del vaso de expansión más adecuado según el número de captadores de la instalación.

Número de Captadores Volumen del circuito solar 
(litros)

Volumen del vaso de expansión
(litros)Heliostar 218 S4 Steck Heliostar 252 S4 Steck

1 - 3 1 - 2 10 - 20 24

4 - 5 3 - 4 20 - 30 24

6 - 7 5 - 6 30 - 35 35

8 - 9 7 - 8 35 - 40 35

10 - 11 9 - 10 40 - 45 50

12 - 14 11 - 12 45 - 50 50

15 - 18 13 - 15 50 - 60 100

19 - 21 16 - 18 60 - 85 100

22 - 23 19 - 20 85 - 100 100

24 - 28 21 - 24 100 - 120 200

29 - 33 25 - 28 120 - 150 200

34 - 37 29 - 32 150 - 200 200

• Cálculo aproximado para una instalación tipo, verifique el vaso de expansión necesario con el departamento técnico.

El vaso de expansión es un elemento indispensable en cualquier instalación de energía solar térmica, ya que su función es absorber la 
dilatación del fluido cuando aumenta la temperatura y por lo tanto el volumen del mismo. Los vasos de expansión pueden ir colocados 
en cualquier parte de la instalación ya que al tratarse de un circuito cerrado la expansión será igual en todo el circuito. Sin embargo, se 
recomienda que al igual que el resto de componentes, el vaso se coloque en la tubería de impulsión de la bomba ya que en esta parte 
del circuito la temperatura no va a ser tan alta y los elementos tendrán una vida más larga.
Los sistemas con vaso de expansión permiten una mayor flexibilidad de instalación que los equipos de vaciado automático.
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Robustez y fiabilidad absolutas
DESPIECE

1 CUERPO DE BOMBA

2 A EJE DEL MOTOR

B ROTOR

3 RODETE

4 ESTATOR

5 CARCASA DEL MOTOR

6 TORNILLO DE DESAIREACIÓN

Y COMPROBACIÓN DE GIRO

7 CAJA DE CONEXIONES

8 JUNTAS DE ESTANQUEIDAD

9 CAMISA DEL ESTATOR

10 CAMISA DEL ROTOR

11 PLATO DE CIERRE DEL ROTOR

12 SOPORTE DEL COJINETE

13 COJINETES

14 ORIFICIOS DE LAS BRIDAS

DIN 2531 PN 6 - DIN 2532 PN 10

14

1

2A

3

8 13 12

2B

10

13

6

9

4

5

7

BOMBAS DE ROTOR HÚMEDO Y SECO

SP 25/4-B ÷ SP 30/8-B
SP(D) 30/7T-B ÷ 8T-B(*)

SM(D) / SP(D)
32 ÷ 100/12-B

A 25/4-B ÷ A(D) 65/12-B SE(D) 40/8-B ÷ SE(D) 80/12 SA 20/2-B ÷ SA 40/8-B SAM y SA(D)P

Aplicaciones
Calefacción /
climatización

Calefacción /
climatización

Calefacción /
climatización

Calefacción /
climatización

ACS
Calefacción / ACS /

climatización

Presión de trabajo 10 bar 10 bar
R” (10 bar)
DN (16 bar)

10 bar 10 bar 10 bar

Temp. trabajo
sin aislam. -20 a +110ºC -20 a +140ºC +15 a +95ºC -10 a +110ºC 65ºC -15 a +120ºC

con aislam. -20 a +55ºC -20 a +100ºC +15 a +95ºC -10 a +110ºC 65ºC -15 a +120ºC

Temp. máx. ambiente 40ºC 40ºC 40ºC 40ºC 40ºC 40ºC

Nivel sonoro <40 dB(A) <40 dB(A) <55 dB(A) <55 dB(A) <40 dB(A) <65 dB(A)

Glicol máx. 50% 50% 50% 30% - - - 45%

MATERIALES

Cuerpo bomba GG20 GG20 GG20 GG20 Bronce o GG20 Bronce o GG20

Rodete Polisulfón Polisulfón Polisulfón Tecnopolímero Polisulfón Termopolímero

Eje Cerámica Inox. 14305 Cerámica-Inox. 14201
Acero inoxidable 

templado
Cerámica-Inox. 14401 Acero Inox.

Cojinetes Cerámica Cerámica Grafito Grafito Cerámica Rodamientos

Juntas EPDM EPDM EPDM EPDM EPDM EPDM

Caja de conexiones
Material sintético

con junta de goma
Material sintético

con junta de goma
Material sintético

con junta de goma
Material sintético

con junta de goma
Material sintético

con junta de goma
Norma I EC con
junta de goma

CARACTERÍSTICAS ELÉCTRICAS

Alimentación
1x230V, 50 Hz

(*) 3x400V, 50 Hz

Motor Polycom
Enchufable A = 3x400V-50Hz
Enchufable B = 3x230V-50Hz
Enchufable B = 1x230V-50Hz

1x230V, 50 Hz 1x230V, 50Hz

R” = 1x230V-50Hz
DN = Motor Polycom
Enchufable A = 3x400V,50Hz
Enchufable B = 3x230V,50Hz
Enchufable B = 1x230V,50 Hz

3x230V, 50 Hz

3x400V, 50 Hz

Regulación velocidad Eléctrica Eléctrica Electrónica Electrónica No tiene No tiene

Grado de protección IP 42 IP 44 IP 42 IP 44 IP 42 / IP 44 IP 44 / IP 55

Aislamiento (clase) F / H H H F H F

Protección sobrecargas Incorporada Clixón Incorporada Incorporada
R” = Incorporada

DN = Clixón
- - -

Protección térmica motor No precisa Precisa No precisa No precisa
R” = No precisa

DN = Precisa
Precisa

Pasacables PG 11 PG 16 PG 11 / PG 16 PG 16 PG 11 : PG 16 PG 11

Construcción Rotor húmedo Rotor húmedo
Rotor húmedo con

variador de frecuencia
Rotor húmedo con

variador de frecuencia
Rotor húmedo Rotor seco

Modelos: SP(D) / SM(D) / SA / A(D) - B



SP(D) 80/12-B

SP(D) 65/13-B

SP 25/4-B
SP 25(30)/6-B

SP(D) 30/7T-B

SP 30/7-B

SP 30/8-B

SP(D) 30/8T-B

SP(D) 40/8-B

SP(D) 40/10-B

SP(D) 50/10-B
SP(D) 50/12-B

H (mca)
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SM
(D) 100/6-B

SM(D) 32/3-B

SM(D) 40/3-B

SM 50/2-B

SM(D) 40/4-B

SM(D) 50/5-B

SM(D) 50/6-B

SM(D) 65/3-B

SM(D) 65/5-B

SM(D) 80/9-B

SM(D) 80/11-B

SM(D) 100/11-B
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BOMBAS DE ROTOR HÚMEDO Y SECO

Bombas SP y SP(D) de rotor
húmedo simples y dobles para
calefacción y climatización a
2.900 rpm

Bombas SM y SM(D) de rotor
húmedo simples y dobles para
calefacción y climatización a
1.400 rpm

Bombas A y A(D) de rotor
húmedo simples y dobles con
motor síncrono de imán per-
manente y variación de fre-
cuencia, clase energética A,
para calefacción y climatiza-
ción
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aCQua 

CaraCTerÍsTiCas aCQua

PoTenCia De uso (kW) 21,0 - 39,0 
PoTenCia De uso (kcal) 18100 - 33500
ConsuMo De leÑa (kg/hora) 5,0 - 9,3
eMisiones De Co (un 13% de oxígeno) 0,8 
eMisiones De Co2 (%) 13,9
Peso (kg) 192 
DiÁMeTro De la CHiMenea (en milímetros) 200 
PoTenCia noMinal (kW) 30,0
PoTenCia MeDia Del aGua (kW) 16,5
voluMen De aGua (litros) 45
PresiÓn MÁXiMa (bares) 3

Puede colocarse con o sin marco opcional.

CONSUMO
LEÑA/HORA

7,1 kg
RENDIMIENTO

80% 882 m3

VOLUMEN 
CALENTADO 

MÁXIMO

Clase De eFiCienCia

1084

60

636

ø200

980

139°

63
4

99
0


