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Abstract
Hospital are shown to be suitable facilities for installation of thermal production systems based on biomass, 

provided their high rates of hot domestic water consumption as well as the high heating and cooling energy needs. 
Given the particular features of this type of buildings, amortization would be guaranteed by continuous operation of 
equipment. In addition, it is enhanced that the promotion of biomass as renewable energy source might help create 
and consolidate a native biomass market (at emerging stage at beginning of this project and currently at consolidation 
stage) which will eventually serve to improve economic development in rural areas.
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Introduction
The installation of systems based on thermal power generation 

from biomass in the building sector is one of main current challenges 
faced by the renewable energy sector, which remains underdeveloped 
in Spain for the particular case of biomass [1]. However, technology 
regarding biomass energy conversion was proved to ensure efficient 
operation [2].

The contribution of biomass as energy source in Europe was 
reported as 82.341 Mtoe by 2012 [3], which represents an approximate 
average of 0.165 toe per capita. In Spain, however, the consumption of 
biomass in the same year was 4.833 Mtoe, which averages 0.107 toes 
per inhabitant. This means that Spanish biomass consumption for 
energy production is 35% lower than the European average.

The implementation of biomass energy technologies is strongly 
favoured by their application to public buildings frequently visited 
by large numbers of users. This is the case of hospitals, buildings in 
continuous operation that show very high rates of influx.

The thermal energy consumption in Spanish hospitals, if heating 
and hot domestic water energy needs are accounted for, approaches 
40% of the total primary energy consumption of each building [4].

The main goal sought by the production of thermal energy at 
hospitals is to ensure maximum comfort conditions for patients 
and staff, taking into account costs, fuel supply conditions and 
environmental impact. Measures to improve energy efficiency of a 
hospital should also account for climatic and local conditions [5] as 
well as indoor climate environment [6] and cost-effectiveness. In 
addition, it should not contravene other essential requirements of this 
type of buildings, such as accessibility, security in electric supply [6] 
and reliability of facilities.

The use of biomass as fuel is observed to meet the abovementioned 
requirements. Moreover, biomass energy techniques would 
promote the use of a widely available renewable energy source in the 
Autonomous Community of Extremadura [7], and would also serve 
to suitably change wastes into raw material for energy purposes [8]. 
However, the background to the use of biomass [9] has few precedents 
in the particular case of hospitals [10-12].

Vanhoudt et al. demonstrated that in a hospital in Belgium, it is 
possible to save up to 71% of primary energy system by using thermal 

energy storage in combination with a heat pump compared to a gas-
based boilers and installation water cooling machine [13]. Santamaria 
et al. carried out a detailed analysis of audits regarding 30 health care 
buildings in Greece (Hellas) to quantify the potential global energy 
saving as 20% [14]. That is, it is possible to save substantial energy in 
these buildings.

Čongradac et al. proposed a tool for assessing the heating and 
cooling energy consumption in hospitals, that its main advantage is 
a very simple usage, which implies knowing and entering parameters 
that are easy to find [15]. This in turn entails a certain inaccuracy in 
the calculation, but which is neither large nor significant, considering 
that the main emphasis of use of this tool is to determine the possible 
savings. The same authors in 2014 explored in an Emergency Center 
in Serbia, that when the savings are known in advance, the competent 
person will make a much easier decision on installation, the cost of 
necessary work and equipment, without having the assistance from 
professional advisors [15].

The aim of this study is to evaluate the feasibility of renewable 
energy obtained from biomass for the production of heat and cold 
at healthcare centers. The technical aspects including reliability and 
maintainability, and the problems associated to the application of 
renewable energies obtained from biomass in public buildings are also 
assessed.

Methodology
Two building facilities were analyzed in order to achieve a 

significant data record: a burning olive stones power unit designed to 
partially satisfy the thermal demand of Zafra Hospital (in Badajoz), 
and two biomass boilers fed with almond shells used for heat or heat-
cool production (in winter and summer, respectively). The latter 

http://www.sciencedirect.com/science/article/pii/S0378778812000370
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The designed operating protocol was inertial, i.e. there is no an 
immediate response to the thermal requirements of the building 
neither from the absorption engine nor from the biomass boilers, 
nor is there immediate response to installation shutdown. For that 
reason, a storage system was installed to partially make up for the 
lack if instantaneous response, as well as to help reach the activation 
temperature of the generator.

The device was also equipped with a hot water (92 ºC) storage system 
consisting of three tanks of 10,000 l capacity each. This accumulation 
guaranteed, on the one hand, that enough thermal power would be 
supplied to the generator as to reach the boiler temperature regime. On 
the other hand, it also allowed a 400 kW momentum in heating mode 
for the building during the winter season.

The facility includes four cold water storage tanks 5,000 liters each 
which contain water at 7°C used for initial star up. This corresponds to 
15% of partiality of the absorption engine [19,20].

Results
The average consumption of natural gas and diesel oil from various 

public hospitals in Extremadura (Spain) was analyzed in order to 
estimate the thermal energy need of a standard hospital, which was 
found to be proportional to its number of beds.

Figure 3 shows a scatter plot of the two abovementioned variables. 
Basic data processing tools were used to carry out a linear fit (R2=0.9069) 
leading to the following expression:

y=15.08 x + 1,657                    (1)

y being the average annual consumption in standard operation and 
occupation conditions, expressed in MWh, and x being the number of 
beds in hospital.

The results achieved in the present study are discussed in the 
forthcoming subsections, according to different relevant aspects.

Biomass fuel

Different types of biomass material are available in Extremadura, 
according to local market availability. The most common are the 
following: olive stone, pruning from olive and fruit trees to make wood 
chips, wood cuts from forestry industry, shell nuts, forest residues and 
concentrates on vine and pellets.

equipment corresponds to a simple absorption machine installed at an 
administration building of the Public Health Service of Extremadura [16].

Periodic energy audits were conducted during the course of the 
present study in order to carry out in situ analyses of the situation in 
terms of energy management. These records served as start up technical 
background to perform the projected works [17].

To analyze the reliability and maintainability of the equipment, 
each component was accounted for in the maintenance plan of the 
building, and specific timings for maintenance tasks were appropriately 
set. Daily repairing and maintenance operations on biomass boiler and 
ancillary equipment were carefully timed. In addition, data regarding 
global efficiency of the installation was monitored.

The data collection process was completed with specific information 
obtained from the archival files of the Engineering and Maintenance 
Service.

Thermal power plant in hospital

The biomass boiler was installed as complementary equipment 
to the existing units for heat and domestic hot water production. In 
particular, it is the 430 Bioselect model from Lassian Manufacturer, 
with 430 kW output, made of sheet steel with a three-step vertical 
flue cleaning system, and operates at a pressure of 4 bar. The biomass 
burner is modulating cascade type, with automatic ignition and ash 
pusher system, and incorporates a retrieval system of solid particles 
based on the cyclone effect. Figure 1 shows a view of such power plant.

A 2,000 l buffer tank was installed as heat sink to prevent multiple 
burner starts, in order to regulate the heating energy demand and 
therefore achieve a greater efficiency. This way, the performance 
was optimized and operating life of facilities was extended [18]. The 
operating temperature was regulated at 84°C.

Thermal power plant in administration building

Heat energy was obtained by two identical Spanish Vulcano 
manufacturer boilers, 465 kW thermal power each, supplied with 
almond shells obtained from local agrifood industries. A 70 m³ storing 
tank was installed in a separated room. Figure 2 shows a view of the 
two boilers.

Cooling was achieved by a Carrier water chiller, 545 kW nominal 
cooling capacity, simple absorption cycle effect with lithium bromide as 
absorbent and water as coolant, fed by hot water from the abovementioned 
boilers and equipped with a 1,203 kW power cooling tower.

Figure 1: Thermal power plant installed at Zafra Hospital (Spain).

Figure 2: Thermal power plant installed at a Public Health administration 
building in Mérida (Badajoz).
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We proceeded to assess the economic cost per kilowatt hour on 
the use of different fuels, considering the transportation costs to the 
point of supply, compared with the costs of non-renewable fuels (diesel 
and natural gas), taking into account market prices (December 2011) 
for a consumption equivalent to that provided annually in a 100-bed 
hospital [21,22].

The biofuels tested to verify feasibility requirements in hospitals 
were crushed olive pits, almond shells and different types of pellets.

Figure 4 represents the final costs of different fuels expressed in 
cents€ per kWh unit produced heat energy. Olive stone was observed 
to be 20%, 41% and 50% cheaper than pellet, natural gas and gas-oil, 
respectively (The efficiency of solid fuel boilers assumed to be 6% lower 
than that of the other types of boiler [23].

In the medium to long term, the strong increasing trend of the 
hydrocarbon production costs (and derivatives) is expected to enlarge 
the gap with respect to biofuels, for which production costs tend to 
stabilization as byproducts transformation industries approach 
consolidation.

Crushed olive stone is a type of fuel directly obtained from the olive 
milling process, and is therefore a byproduct from olive oil industry. On 
another note, almond shell is a byproduct from the agrifood industry 
obtained from shelling operations. Table 1 lists the main physical and 
chemical features of these two biomass fuels.

Maintenance

Preventive maintenance of biomass installations involves activities 
like cleaning, regulation and ashtray emptying. These additional tasks 
were averaged to take 60 minutes a day. Such maintenance leads to 
a 120% increase if compared to standard thermal energy production 
facilities (diesel or natural gas) in hospitals.

Moreover, the technology applied to biomass boilers has elsewhere 
been shown to be less reliable than that of standard natural gas or diesel 
boilers, particularly at early operating periods. The lower availability 
of biomass boilers [24] should therefore be balanced by duplication of 
biomass facilities and/or installation of a standard fuel support unit.

The bar-diagram in Figure 5 represents costs due to maintenance 
operations for several types of fuels typically used for heat production.

Investment

Detailed calculations were performed in order to determine the 
investment per unit useful energy for both conventional (diesel and 
natural gas) and biomass energy facilities.

As observed in Figure 6, the higher the installed power of the 
biomass facilities, the lower the costs needed to implement the 
installation.

Environmental balance

Net carbon dioxide emissions during combustion of biomass are 
almost negligible, as the plant is able to retain plant during its growth 
more CO2 than is released in the combustion (IPCC, 207). As for 
the other pollutants, emissions are so low that they are considered 
negligible, so that practically emitted by diesel or natural gas, agree 
with it avoided being replaced by biomass.
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Figure 5: Annual maintenance costs per kWh.
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Figure 3: Relation between annual thermal energy consumption and number 
of beds in a standard hospital.
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Figure 4: Cost per kWh of thermal energy produced by different types of fuels.

Parameters Olive stone Almond shell
Size (mm) <5 <11
Density (kg/m3) 680 400
Humidity (%) 7.10 8.00
PCI (kWh/kg) 4.87 4.75
Ash (%) 0.55 0.97
Volatile (%) 74.25 75.04
Sulphur (%) 0.04 0.02
Chlorine (%) 0.064 0.02
Fixed carbon (%) 19.49 18.40

Table 1: Physic-chemical characterization of biofuels. 
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As can be seen in Table 2, the heat production by biomass alone 
increases the emission of particles into the atmosphere, mainly 
consisting of fly ash carbon (although the term particle includes those 
constituents, except pure water, present in the atmosphere in solid or 
liquid phases, larger than that of simple molecules and less than 100 
microns). Still, the rate of emitted particles was found to be below the 
allowable limits for installation of solid fuel [25].

Amortization

A comparative analysis of the biomass installation and the diesel 
equipment which was operating at the hospital was carried out aimed 
at evaluating the economic viability of the project. For such purpose, 
the annual cost of each fuel needed to produce the same thermal energy 
in the hospital was determined.

As shown in Table 3, the total estimated savings over the life 
expectancy of the equipment (Sartori), were found as 231,310€, leading 
to a payback period of 5.4 years, less than that of other types of energy 
facilities based on solar energy gain. Note that the pay-back time 
achieved for the Public Health administration building was determined 
as 5.56 years.

Conclusions
Hospital buildings have been regarded as suitable locations for the 

installation of thermal energy production equipment based on biomass 

supply, provided their high annual demand of hot domestic water and 
thermal energy. Moreover, refund of investment is strongly favoured 
by continuous operation of the building facilities.

There continuous presence of maintenance staff in the hospitals 
rooms where boilers are installed allows spending as much time as 
necessary in additional maintenance operations arising from boiler 
house cleaning and ash removal. Specific lifelong training programs 
for maintenance staff is therefore crucial for the implementation and 
development of renewable energy units.

On another note, promoting renewable energy sources through 
the use of biomass in hospital facilities might help the consolidation 
of a local biomass market, which would eventually enhance rural 
economic growth, promote socioeconomic development and reduce 
the dependence on foreign fuel supply.

However, it should also be pointed out that biomass energy units 
need larger storage room, and that biomass boilers yield is lower than 
that of conventional ones.

Let us finally note that the high annual production of ash from 
the biomass boilers generates interesting expectations derived from 
its moderate liming and fertilizing capacities. Moreover, it suggests 
an important route to appreciation of the abovementioned waste, 
provided that it proved to improve the nutritional status of plants [26] 
by significantly favouring soil porosity and the water retention capacity.
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