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Thermal applications of biomass in
hospitals

Justo Garcia Sanz-Calceéd@ngel Mend, Francisco CuadrdsFernando LOp€ez

Abstract — The aim of this study was to evaluate the feligibdf using renewable energy from biomass for the
production of heat and cold in hospitals, examirtimg feasibility of establishing such facilities Eixtremadura (Spain).
In its development, has been taken into accountebkenical aspects related to the operation of type of heating,
including reliability and maintainability of thenassessing the problems generated by the introductficenewable
energy from biomass in publics buildings.

It has been shown that high consumption of hot maitel heating systems consume annually make thataba great
place for the installation of thermal productionstgyms based on biomass, because the necessaryddamants
continued operation, promotes amortization. In @alali it was found that promoting the use of renel@anergy through
biomass, can help create and consolidate a naitiveass market, emerging at the beginning of thigegt and in the
consolidation phase at the present time, that ea#igtwill get an economic improvement in rural @aepromoting its
development.
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1.INTRODUCTION biomass facility is to serve as demonstration ef th
benefits of this technology, mainly in public
he installation of systems based on thermajuildings, which are frequently visited by large
power generation with biomass in the tertiaryhumbers of users. This is the case of hospitals,
sector buildings, is one of the currentbuildings that operate continuously and are highly
challenges facing the renewable energy sectdfequented.
which is still under development in Spain for the
biomass [1], although existing technology throughn Spain, the thermal energy consumption in
biomass energy conversion ensures the efficieAbspitals, both in heating and hot water is around
operation of these facilities [2]. 40% of total primary energy consumption of each
building [4].
In Europe, the contribution of biomass in 2008 was
68.7 Mtoe [3], which represents an approximat&he main objective in the production of thermal
average of 0.138 toe per capita. In Spain, thenergy in a hospital, is to ensure maximum comfort
consumption of biomass in the same year was 4.3#nditions for patients and workers, taking into
Mtoe, which means that each Spanish consumed abcount the cost, the fuel supply conditions and
average of 0.096 toe, that is, in Spain the averag@vironmental impact. In addition, measures to
consumption of biomass per year, is 30% lower thamprove energy efficiency of a hospital should take
that corresponds to the European average. into account climatic and local conditions [5] asliw
as indoor climate environment [6] and cost-
A measure that contributes to the implementation @fffectiveness and should not contravene other
essential requirements this type of buildings sagh
accessibility, security of electric supply [7] and
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2. METHODOLOGY To achieve greater efficiency by regulating thethea
demand, has provided a buffer tank of 2,000 liters,
To obtain operational data were analyzed twehich acts as a heat sink that prevents multiple
facilities: One-burning power crushed olive stonessurner starts, optimizing its performance and
used to cover part of the thermal demand of thextending the life of the facility [14]. The workin
Hospital de Zafra (Badajoz), and two biomassemperature was regulated at 84°C.
boilers using shell Almond for heat production in
winter and cool in summer, feeding a simple
absorption machine effect on an administration
building of the Extremadura Health Service.

During the course of the study, conducted energ
audits [13] that allowed to know the real situation
regarding energy management and facilities, anc
were used as the technical basis of the analysis.

To analyze the reliability and maintainability dfet
facility, introduced each of the components of the
system in the maintenance plan of the building,
assigning a specific time to each of the tasks gfigure 1. Thermal power plant installed in the Hdmf
maintaining each installation. Was timed daily timg-aa (Spain)

spent on maintenance of the biomass boiler and
ancillary facilities, as well as dedicated to ldcgt

and troubleshooting. In addition, data Weros]l_| duction is d . identical shell
monitored the overall performance of the eat production Is done using two identical she

installation. boilers, the Spanish manufacturer Vulcano, with
thermal power 465 kW each, which they use as
niomass fuel, currently almond shells, from thedfoo
ndustry. It has a storage silo that is located
eparately from the boiler room with a capacity of
0 m3. In Fig. 2 shows a view of the boiler room of
the building.

IE‘Z Installation of the health service building

The data collection process was completed wit
those obtained in the historical archives of
Engineering and Maintenance Service. A brie
description of each he facilities monitored in th
study.

Cold production is done by a water chiller Carrier
brand, with 545 kW nominal cooling capacity of
3imp|e effect absorption cycle with lithium bromide

water, works together with existing ones. Thishis t as abso_rbent and water as coolant, feq by hot water
model-430 Manufacturer Bioselect Lasi. has afl®m boilers described above, condensing through a

output of 430 kW, is made of sheet steel with threémo'ing tower with cooling capacity of 1,203 kW.

step vertical flue cleaning system, and operates a
pressure of 4 bar. The biomass burner is modulatir)
cascade type with automatic ignition and ash push
system, incorporating a retrieval system of soli
particles by using the cyclone effect. In Fig. 1 i
shows a view of this power plant.

2.1. Installation of the Zafra’s Hospital

The biomass boiler was installed for heating and h

signed work system is inertial, ie there is no
mediate response to thermal stresses of the
uilding, and by the absorption machine, or by
iomass boilers, as there is no immediate response
stops installation. Thus we have installed a s®rag
system, replacing in part to the lack of instant
response of the boilers, and facilitates the atitima
temperature of the generator.

The facility has a system of hot water storage at
92°C, consisting of three tanks of 10,000 litershea
This accumulation allows sufficient thermal power
will be supplied to the generator at the same time
helping to make the boiler temperature regime. This
accumulation allows a momentum of 400 kW in
heating mode for the building during the winter
season.

The facility has four cold water storage tanks of

Figure 2. Thermal power plant installed in the @i of 5.000 liters each that hold water at 7°C is used fo

Mérida (Badajoz)
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starting early, corresponding to 15% of the padtyial its use in hospitals, have been crushed olive pits,
of the absorption chiller. almond shells and different types of pellets.

3. RESuLTS In Fig. 4 are represented the final costs of dffier

fuels expressed in cents per kWh unit of heat gnerg
For to determine the thermal energy of a hospitaproduced [18]. One can see that the olive pit %20
we have analyzed the average consumption oheaper than the pellet, 41% natural gas and 5@% th
natural gas and diesel from various hospitals ifuel oil, all assuming that the performance of coli
Extremadura Health Service, detecting that ifuel boilers of less than by 6% to other boilerg][1
proportional to the number of beds in the same.

7,00

cts €/kWh
If both parameters are plotted using a scatte . |
diagram, there is a relationship between twc
variables, so that using tools data processingbean
calculated by the regression line linking the twala 40|
that can be seen in Fig. 3, with adt 0.9436 and in
accordance with expression (1).

5,00 —

3,00 —

2,00 —

y =16.46x + 1,635 1) ool
Where y IS the average annual Consumptlon In o Gas-oil ‘ Electricity ‘ Natural gas ‘ Pellet ‘ Olive stone ‘Almondshell
normal operation and occupation, expressed in MW ®/0)
andx is the number of beds in hospital. Figure 4. Cost per kwWh of thermal energy produced by

different fuels
12.000 1 Mwh year
In the medium to long term, the trend of increasing
production costs of oil and its derivatives, clgarh
the rise, increase the gap to biofuels, the cosise
to stabilize as a consolidation of industries ereglag
in rendering.

10.000 A

8.000 A

6.000 -

4.000 -

The crushed olive pits, is a type of fuel that ceme
numberofbeds  straight from the milling process the olives in the
00 o 10 10 20 20 30 3w 4w 4w o0 mills, and is a by-product of olive oil production.
The almond shell is a byproduct of the food
Figure 3. Relation between the annue}l consumption ‘Prfldustry, from the shelling of the almonds. Table 1
thermal energy and the number of beds in a hospital - gqifies the physical and chemical characteristics

The results in the development of this study argOth fuels.

presented below, classified according to the diffier
effects observed.

2.000 A

Table 1. Analysis of the physico-chemical bio-fuels

Parameters Olive stone  Almond shell
3.1. Biomass fuel Size (mm) <5 <11
In Extremadura, the types of biomass that can bedensity (kg/mi) 680 400
used are dependent on market availability, the mosHumidity (%) 7.10 8.00
common olives stone, pruning of olive and fruiese PCI (kWhikg) 4.87 4.75

to make wood chips, wood cuts from industries,

shell nuts, forest residues [15], concentrateshen t Ash (%) 0.55 0.97
vine [16] and pellets. Volatile (%) 74.25 75.04
. Sulphur (%) 0.04 0.02

We proceeded to assess the economic cost per =
Chlorine (%) 0.064 0.02

kilowatt hour on the use of different fuels, giviie

transportation costs to the point of supply, coragar Fixed carbon (%) 19.49 18.40

with the costs of non-renewable fuels (diesel and

natural gas), taking into account prices marke3.2 Maintenance

(December 2010) for a consumption equivalent to

that provided annually in a 100-bed hospital [17]. During the investigation it was found that the
preventive maintenance of the installation of

Biofuels have been tested to verify the feasibitify biomass has increased by 120% compared to similar
facilities thermal energy production by diesel dnd
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or natural gas in hospitals due to cleaning, réguia 3.4 Environmental balance
and emptying the ashtray, which involves an
additional task average 60 minutes per day. The emissions of carbon dioxide in the combustion
of biomass are nearly neutral, as the plant is &ble
On the other hand, has proven that the technologgtain plant during its growth more GQhan is
applied to biomass boilers, is less reliable thars¢ released in combustion [21]. As for the other
used in natural gas boilers and diesel, particplarl pollutants, emissions are so low that they are
the initial period of operation thereof. That isywh considered negligible, so that practically emitbgd
the availability [20] of the facility is lower, spou diesel or natural gas, agree with it avoided being
should duplicate the facilities and / or have othereplaced by biomass.
support units with fuel.
Table 2. Annual balance environmental
In Fig. 5 shows the cost due to maintenance

operations depending on the type of fuel used for___ Emitions Zafra SScCC
heat production. NO, (kg) - 5,852.81 -7,316.01
. SO, (kg) - 303.53 -379.42
ot €l year - - CO (kg) -1,249.17 -1,561.46
" ] CO, (kg) - 242,829 -303,537
08 — Particles (kg) +140.72 +175.90
o6 L Ash (kg) +3,276.27 +4,095.33
041 ] — As can be seen in Table 2, the heat production by
biomass alone increases the emission of particles
21 into the atmosphere, consisting mainly of fly ash
. carbon, although the term particle includes those

Gas-oil ‘ Electricity ‘ Naluralgas‘ Pellet ‘Oliveslone ‘Almondshell‘ COnStItuentS, except pure Water, present |n the
(B/C) . . . .

, | Wh of mai atmosphere in solid or liquid, larger than that of

Figure 5. Annual cost per kWh of maintenance simple molecules and less than 100 microns. till,

was found that the emission rate of particles iewe

3.3 Investment the allowable limits for installation of solid fug22].

We calculated the investment required per unit cg 5 Amortization
useful energy for a conventional plant and other’
biomass, sensing that the installed capacity in t T : :
N SLY . . 0 analyze the economic viability of the projett, i
hospital, the initial investment required is 0.095 y y broj

€/kWh wh . tacility diesel wural as made a comparative analysis between the
vvh when using a tacliity diesel or natural 9asy,qqation of diesel that was running in the hitap
while for the installation of biomass, after

; . o ; d the new biomass by calculating the annual cost
incorporating subsidies, we need to invest € 0.17 each fuel needed to produce the same thermal
per kWh of useful energy. energy in the hospital.

Regarding the building SSCC has been compared to

_In Fig. 6 it ShOWS as r_educe the_ costs necessary 4 ier hased on production of cold and heat by hea
implement the installation, the higher the power o

the facility. ump air-air.
o Table 3. Economic balance of the biomass boiler
300 mv&mm :321225 Indicator Zafra SSCC
o \' Investment 177,000€ 352,000 €
240 Grant 51,600 € 0
ZZ Installation cost 125,400 € 352,000 €
180 Annual saving 23,131 € 63,270 €
ijz \\ Pay-back 5,4 years 5,56 years
o instlled power (<) Saving (10 years) 231,310 € 632,700 €

500 ‘ 1.000 ‘ 2.000 ‘ 3.000 ‘ 4.000 ‘ 5.000

Figure 6. Relation between the cost per kW installeds can be seen in Table 3, the total estimated
power and type of fuel savings over the life expectancy of the equipment
[23], is € 231,310, giving a payback period of 5.4
years less than that produced in other types of
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production facilities based energy solar gain.He t [2]

administrative building, you get a return period o{
3]

5.56 years. 4]

4. CONCLUSIONS 5
It has been shown that high consumption of hot
water and heating systems consume annually m
the hospital a great place for the installation o
thermal production systems based on biomass,
because the necessary thermal demand, as welllds
continuous operation favors the repayment of these
facilities.

(8]
The permanent presence of maintenance staff in t[g?
boiler rooms of hospitals, allowing more time to
absorb the operations derived from additiongho]
maintenance to this type of installation, due te th
processes of household cleaning and ash remov,
That is why for the implementation and developme
of renewable energies such, it is essential
involvement of maintenance staff and operator
training.

I

[12]

It was noted that promoting the use of renewable
energy through biomass in hospitals, can help eredt3]
and consolidate a native biomass market, emerging
at the beginning of this project and in thegq,
consolidation phase at the present time, that
eventually will get a rural economic growth,
promoting development and reducing dependence ?1%]
foreign fuel supply.

On the other hand, it has shown that need mol&s]
storage space for such facilities and that thalgief
biomass boilers are lower than conventional bailersy; 7,

The high annual production of ash from the boilers,
generates expectations for a possible recoveryen t

. ) 18]
forest as a fertilizer derived from moderate limin
and fertilizing capacity of the same and suggests a
important avenue of appreciation of this waste, and
improvement in practice the establishment ani?]
nutritional status of forest plants [24], signifitky
improving the porosity of the soil, water holding[20]
capacity. 21
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