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1 Introduction

This report aims at identifying the most interesting industrial markets and prospective sites for
industrial geothermal applications in Portugal. The study was based on two other deliverables
of IGEIA project, the market reports on the potential for geothermal applications into the
industry and the report on the feasibility of geothermal technologies in the EU under defined
conditions in the industry, including the guidelines for industrial developers.

Also, the work performed by other IGEIA partners was used in order to compare experiences
from other countries, with other climatic conditions.

2 Industrial markets

The main energy consumers in Portugal are the transportation and the transformation
industry sector, consuming around 7 000 000 tep and more than 5 000 000 tep, respectively.
Domestic sector is also a great consumer of energy followed by services. Figure 3 illustrate
the consumption of each sector in the year 2006.
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Figure 1 : Energy Consumption by Sector (Source: DGEG, 2006)

Concerning ground source heat pumps, heat is the most important energy consumer. In
figure 4 are the results of heat consumption for each type of transforming industry considered
above.

As concluded before, plastic and paper items are still the most important industry concerning
heat consumption, followed by chemist and plastic. However the heat used in these industries
is high temperature heat, which is not suitable for ground source heat pumps, but can be
stored in the soil to be used for other applications.
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Figure 2: Heat Consumption by transformation industry sector (Source: DGEG, 2006)

To decide which industries can be the main target to apply the geothermal energy, should be
considered the heat consumption, the industry characteristics and location.

Food and beverage industries seems to be adequate for the use of ground source heat
pumps, in spite of the biggest heat consumption of chemic, plastic and paper industries,
taking into consideration that the heat used in these industries is high temperature heat.
Concerning the renewable sources, figure 5 shows that food and beverage already uses
renewable sources, mostly biomass.
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Figure 3:RES without electric production consumption by transformation industry sector (DGEG, 2006)

Geographical distribution of Portuguese industry in 2004 is mainly in the north, Lisbon region
and centre, where 92% of the industries are, being 48% in the north. Considering only the
food and beverage industry, it is mainly located in the centre, with a great concentration also
in the north, as it can be seen in figure 6.
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Figure 4: Industries distribution and food and beverage industry distribution (INE, 2004)

The study made by IGEIA partner’'s concerned supermarkets, shopping centres, and a flygt
foundry, from services sector. Portuguese consumption of final energy in this sector is
represented in the figure bellow.
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Figure 5 Industries distribution and food & beverage industry distribution ( INE, 2004)

Services buildings are big energy consumers, being the mainly responsible for the final
energy consumption increase in Portugal. Data from 1999 shows an increase of 12%
between 1980 and 1999, being predictable a much higher increase to 2009.

From the heterogenic types of service buildings, big surfaces such as supermarkets and
shopping’s, have the biggest consumptions, becoming important targets to improve the
energetic efficiency (Figure 8). For supermarkets refrigeration is very important consuming
about 35% of electricity and air conditioning about 30%. Ground source heat pumps are very
useful to reduce electricity consumption in these services, becoming a good case study, also
in Portugal. Other important consuming buildings are the swimming pools, with a great
consumption of heat



Figure 6: Specific energy consumption by type of building (Source: DGEG, 1994)

In spite of the relatively low energetic consumption of agriculture sector, in Portugal is a good
market concerning heat and cold production, which is suitable to the application of GSHP.
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Figure 7 Heat consumption by type of sector, excluding industry (Source: DGEG, 2006)

Excluding transforming industry, agriculture sector has the greater consumption of heat, as it
can be seen in figure 9, especially for greenhouses.

For the present study the need capacity for cooling and heating were estimated by the HAP
and compared with installed capacity. Then, the building was simulated to predict energy
consummation for installed system. Results were compared with results from ground source
heat pumps system.

According to data above and since industrial processes needs high temperature heat and
services seems to be a very interesting sector concerning energy consumption, ESTSetubal
choose 5 sectors in the services and agriculture areas: hypermarket, shopping centre,
swimming pool, laboratory building and greenhouse. The characterization of this sector is
made in the next point and is based on real sites.

The geothermal system considered in the study, for all the chosen sectors, is with a
vertical closed loop configuration.



3 Sites description

3.1 Hypermarket

4.1.1 Area Description

The hypermarket is situated in Santa Maria da Feira, Aveiro district in Portugal. According to
the new thermal regulation for buildings, Aveiro is located in zone 11V1, considered the

softest season as it is shown in table 3. Figure 14 shows the evolution of the average
temperature for a typical year.

Dry Bulb Wet Bulb

35

w
(=

N
(S}

N
o

Temperature (C)
[ =
o (62}
==HENA

WHDUDNWO®OO©EE
QOO HANOD 52 ks

Day of Year
Figure 8: Average temperature evolution for a typical year (Simulation from HAP software)

The building is composed by a parking, a shopping area, and electrical devices shop, the
hypermarket selling area, the hypermarket administrative area and a technical area. For this
study purpose, only the hypermarket selling area will be considered, since it is independent
from the other areas.

The hypermarket selling area has 8308m° and an average height of 9,5m. The ideal
temperature is around 20°C in winter and 25°C in summer.

The roof is made of metallic plates with a 10 cm thermal isolation and it has glass skylights.

4.1.2 Loads Calculation

Currently the acclimatization system is composed by natural gas boilers for heating and for
cooling, chillers with an ice bank used as a complement.

The heating and cooling loads were calculated through the simulation program HAP 4.31
from Carrier. The energetic needs, for the hypermarket heating, are 256kW and for cooling
620kW. The next figure shows the monthly simulation results for hypermarket system.
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Figure 9: Monthly simulation loads results for hypermarket system (Simulation from HAP
software)

As the system has heat recuperation, the central cooling load has a higher peak. However the
heating loads are more important, considering the all year.

4.1.3 Geothermal System

Three alternatives were considered, using geothermal energy to fulfil all heating needs,
considering the hypermarket heating needs, since the cooling needs can be compensated, if
necessary by the ice bank, and an extracting heating power of the borehole around 75W/m,
the total deep of the boreholes was calculated, as well as the number of boreholes,
considering a deep of 150m per borehole. The results are in table 4.

Table 4 — Number of boreholes and total deep results
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Taking into account these results a preliminary cost study was performed, considering the
perforation cost of 35 /m the total costs are presented in table 5.

Table 5 — Cost of perforation
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4.1.4 Costs Comparison

Comparing the current acclimatization system and the building needs, the annual costs and a
simple payback were calculated, through HAP software.

To have an idea of the different energy consumer’s costs, the annual component costs are
represented in the next figure and table.

Air System Fans 9,6%
Cooling 3,8%

40,1% Electric Equipment

Lights 40,7%

Figure 10: Annual component costs

Table 6 — Annual component costs

Annual Cost Percent of Total

Component () (/m?) (%)
Air System Fans 15.926 1,917 9,6
Cooling 6.362 0,766 3,8
Heating 9.415 1,133 57
Pumps 271 0,033 0,2
Cooling Tower Fans 0 0,000 0,0
HVAC Sub-Total 31.974 3,849 19,2
Lights 67.646 8,142 40,7
Electric Equipment 66.763 8,036 40,1
Misc. Electric 0 0,000 0,0
Misc. Fuel Use 0 0,000 0,0
Non-HVAC Sub-Total 134.409 16,178 80,8
Grand Total 166.382 20,027 100,0

As we can see, the non HVAC components have the highest costs in this building.
Considering the HVAC components, object of this study, the heating components have higher
costs comparing to the cooling costs.

Monthly component costs can also be analysed in the next figure and table. The table
contains only the results for the HYAC components, object of this study.
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Figure 11 Monthly component costs

From the graphic is possible to see the most demanding months for heating and for cooling.
As expected, from October to May, the heating demands are higher and from June to
September are the cooling demands, as it can be concluded from the costs of HVAC
components. The next table shows the numerical cost values for HVAC components.

Table 7 — Monthly HVAC component costs

Month Air System Fan( )|Cooling( ) |Heating( ) [Pumps( ) |Cooling Towers( ) [HVAC Total( )
January 1.353 0 2.006 11 0 3.370
February [1.222 0 1.422 8 0 2.652
March 1.353 7 1.133 8 0 2.501
April 1.309 198 597 11 0 2.115
May 1.353 220 375 15 0 1.963
June 1.309 1.209 89 36 0 2.643
July 1.353 1.716 49 55 0 3.173
August 1.353 1.895 57 60 0 3.365
September |1.309 760 91 29 0 2.189
October 1.353 357 425 18 0 2.153
November [1.309 0 1.141 8 0 2.458
December [1.353 0 2.030 11 0 3.394
Total 15.926 6.362 9.415 271 0 31.974

Considering the total costs, the months of January, July, August and December have highest
costs, since they are the most demanding moths, concerning cooling needs, July and August,
and heating needs, December and January.The annually energy cost is represented by the
graphic below and the numerical values are in table 8.

Figure 12 Annual energy costs




Table 8 — Annual energy costs

Annual Cost Percent of Total
Component ( lyr) ( Im?) (%)
HVAC Components
Electric 22.558 2,715 13,6
Natural Gas 9.415 1,133 5,7
Fuel Oil 0 0,000 0,0
Propane 0 0,000 0,0
Remote Hot Water 0 0,000 0,0
Remote Steam 0 0,000 0,0
Remote Chilled Water 0 0,000 0,0
HVAC Sub-Total 31.974 3,849 19,2
Non-HVAC Components
Electric 134.409 16,178 80,8
Natural Gas 0 0,000 0,0
Fuel Oil 0 0,000 0,0
Propane 0 0,000 0,0
Remote Hot Water 0 0,000 0,0
Remote Steam 0 0,000 0,0
Non-HVAC Sub-Total 134.409 16,178 80,8
Grand Total 166.383 20,027 100,0

From the results it is possible to see that the electric costs are a very important element. For
these reason, a simple payback was made, considering the electric consumption of the
different options.From table 7, the heating and cooling costs are 9415 and 6362
respectively.

Considering the geothermal heat pump with a COP of 5 and an EER of 4 and a heating useful
energy of 152375kwh and for cooling 192992kwh, the comparison of costs and payback

period for heating and cooling are presented in the next table:

Table 9 — Annual energy costs, savings and payback
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As we can see from the results, GSHP allow important savings concerning annual energy
consumption and costs. However, considering the simple payback geothermal solution is not
very favourable, mostly due to the high cost of perforation.



3.2 Shopping centre

4.2.1 Area Description

The shopping centre is situated in Santa Maria da Feira, Aveiro district in Portugal. According
to the new thermal regulation for buildings, Aveiro is located in zone 11V1, considered the
softest season as it is shown in table 3. Figure 15 shows the average temperature evolution
for a typical year.
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Figure 13 Average temperature evolution for a typical year (Simulation from HAP software)
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The Shopping centre has an area of 5607m? and an average height of 9,5m. The ideal
temperature in the shopping centre area is around 20°C in winter and 25°C in summer.

4.2.2 Acclimatization System Description

Currently the acclimatization system is composed by natural gas boilers for heating, with a
capacity of 915kW and for cooling, chillers with a capacity of 910kW. An ice bank is used as a
complement for the chillers.
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Figure 14: Monthly simulation loads results for shopping centre system (Simulation from HAP software)
As in the hypermarket, the heating and cooling loads were calculated through the simulation
program HAP 4.31 from Carrier. The results are in figure 16. The energetic needs, for the

shopping centre heating, are 315kW and for cooling 106 kW.

The central cooling load has a higher peak, due to the heat recuperation in the system.
However, if the entire year is considered, the heating loads are still more important.
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4.2.3 Geothermal System

The heating needs calculated by HAP and an extracting heating power of the borehole
around 75W/m were used to achieve the boreholes deep. Also, a deep of 150m of each
borehole was considered to estimate the total number of boreholes. Results are in table 10.

Table 10 — Number of boreholes and total deep results
#
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Considering a perforation cost of 35 /m, the cost of perforation is presented in table 11.

Table 11 — Cost of perforation

[ % (

4.2.4 Costs Comparison
Considering the current acclimatization system and the building needs, the annual costs and
a simple payback were calculated, through HAP software.

Figure 17 and table 12 show the annual component costs calculated by HAP software.

Figure 15: Annual component costs

Table 12 — Annual component costs

Component Annual Cost( ) ( Im?) Percent of Total(%)
Air System Fans 15.926 2,840 23,0

Cooling 2.550 0,455 3,7

Heating 3.246 0,579 4,7

Pumps 279 0,050 0,4

HVAC Sub-Total 22.001 3,924 31,7

Lights 25.999 4,637 37,5

Electric Equipment 21.332 3,805 30,8

Non-HVAC Sub-Total 47.330 8,441 68,3

Grand Total 69.331 12,365 100,0

11



As we can see, the non HVYAC components have the highest costs in this building, mostly due
to lights. Considering the HVAC components, the heating components have higher costs
comparing to the cooling costs.

Monthly component costs can also be analysed in the next figure and table. The table has
only the results for the HVAC components, object of this study.
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Figure 16 Monthly component costs

From the graphic is possible to see the most demanding months for heating and for cooling.
The heating demands are higher from November to May, and the cooling demands are higher
from June to September, as it can be concluded from the costs of HVAC components. The
next table shows the numerical cost values for HYAC components.

Table 13 — Monthly HVYAC component costs

Month Air System Fans(_ ) | Cooling( )| Heating( Pumps( ) Cooling Towers( ) HVAC Total( )
January 1.353 0 732 20 0 2.105
February 1.222 0 439 14 0 1.675

March 1.353 0 370 13 0 1.736

April 1.309 76 269 16 0 1.670
May 1.353 57 195 15 0 1.620
June 1.309 480 56 32 0 1.877
July 1.353 688 39 46 0 2.126
August 1.353 827 37 53 0 2.270
September 1.309 297 42 24 0 1.672
October 1.353 126 136 17 0 1.632
November 1.309 0 351 13 0 1.673
December 1.353 0 579 17 0 1.949
Total 15.926 2.550 3.246 279 0 22.001

Considering the total costs, the months of January, July and August have highest costs, since
they are the most demanding moths, concerning cooling needs, July and August, and heating
needs, January. The annually energy cost is represented by the graphic below and the
numerical values are in table 14.
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Figure 17 Annual energy costs

Table 14 — Annual energy costs

Annual Cost Percent of Total
Component (lyn) ( /m2) (%)
HVAC Components
Electric 18.755 3,345 27,1
Natural Gas 3.246 0,579 4,7
HVAC Sub-Total 22.001 3,924 31,7
Non-HVAC Components
Electric 47.330 8,441 68,3
Non-HVAC Sub-Total 47.330 8,441 68,3
Grand Total 69.331 12,365 100,0

From the results it is possible to see that the electric costs are a very important element. For
these reason, a simple payback was made, considering the electric consumption of the
different options.

From table 13, the heating and cooling costs are 3 246 and 2550 respectively.
Considering the geothermal heat pump with a COP of 5 and an EER of 4 and a heating useful
energy of 53 423 kWh and for cooling 69 188 kWh, the comparison of costs and payback
period for heating and cooling are presented in the next table:

Table 15 — Annual energy costs, savings and payback

As in the hypermarket results the annual energy savings are very important, but the
investment is still high and the payback is very high.
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3.3Laboratory building

4.3.1 Area Description

The hypermarket is situated in Sines, south coast in Portugal. According to the new thermal
regulation for buildings, Sines is located in zone 11V1 (South), considered the softest season
in winter and in summer (comparing with other southern zones) so as it is shown in table 3.
Figure 24 shows the evolution of the average temperature for a typical year.
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Figure 18 Average temperature evolution for a typical year (Simulation from HAP software)

The building is composed by 8 laboratories with 66.8 m2 of area each, used by new
companies in different activities areas. The total area is 534,4 m* and an average height of
3,6m. The ideal indoor temperature is around 20°C in winter and 25°C in summer.

4.3.2 Loads Calculation

Currently the acclimatization system is composed by natural gas boilers for heating and for
cooling, chillers. The heating and cooling loads were calculated through the simulation
program HAP 4.31 from Carrier. The energetic needs, for the heating, are 46,1 kW and for
cooling 34,1 kW. The next figure shows the monthly simulation results.
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Figure 19 Monthly simulation loads results for AVAC system (Simulation from HAP software)

The heating loads are more important than cooling loads, considering the all year.
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4.3.3 Geothermal System

The critical needs for defining the length of boreholes it is the heating needs. An extracting
heating power of the borehole around 75W/m, the total deep of the boreholes was calculated,
as well as the number of boreholes, considering a deep of 130m per borehole. The results
are in table 16.

Table 16 — Number of boreholes and total deep results
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Taking into account these results a preliminary cost study was performed, considering the
perforation cost of 35 /m the total costs are presented in table 17.

Table 17 — Cost of perforation
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4.3.4 Costs Comparison

Comparing the current acclimatization system and the building needs, the annual costs and a
simple payback were calculated; through HAP software. To have an idea of the different
energy consumer’s costs, the annual component costs are represented in the next figure and
table.

Figure 20: Annual component costs

Table 18 — Annual component costs

Component Annual Cost( )[( /m?) Percent (%)
Air System Fans 1.033 1,934 10,1
Cooling 511 0,957 5,0

Heating 3.386 6,337 33,1

HVAC Sub-Total 4.931 9,227 48,2

Lights 2.473 4,628 24,2
Electric Equipment 2.818 5,273 27,6
Non-HVAC Sub-Total |5.291 9,901 51,8

Grand Total 10.222 19,128 100,0
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As we can see, the non HVAC components have the highest costs in this building.
Considering the HVAC components, object of this study, the heating components have higher
costs comparing to the cooling costs. Monthly component costs can also be analysed in the
next figure and table. The table has only the results for the HVAC components, object of this
study.
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Figure 21 Monthly component costs

From the graphic is possible to see that the most demanding months for cooling are July,
August and September and heating demands are important all over the year except for the
month mentioned before. The next table shows the numerical cost values for HVAC
components.

Table 19 — Monthly HVYAC component costs

Month Air System Fans () | Cooling( )| Heating( ) Pumps( ) Cooling Towers( ) | HVAC Total ( )
January 91 0 611 0 0 702
February 79 0 471 0 0 550

March 83 0 371 0 0 454

April 87 1 340 0 0 428
May 87 29 170 0 0 286
June 83 49 117 0 0 249
July 91 152 62 0 0 305
August 83 139 56 0 0 278
September 87 119 72 0 0 278
October 91 22 207 0 0 320
November 79 0 373 0 0 452
December 91 0 538 0 0 629
Total 1.033 511 3.386 0 0 4.931

Considering the total costs, the months of January, February and December have highest
costs, nevertheless the costs are not very high.

The annually energy cost is represented by the graphic below and the numerical values are in
table 20.

Figure 22 Annual energy costs
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Table 20 — Annual energy costs

Component Annual Cost (_ /yr) (/m?) Percent of Total(%)
HVAC Components

Electric 1.545 2,891 15,1

Natural Gas 3.386 6,337 33,1

HVAC Sub-Total 4.931 9,227 48,2

Non-HVAC Components

Electric 5.291 9,901 51,8

Non-HVAC Sub-Total 5.291 9,901 51,8

Grand Total 10.222 19,128 100,0

From table 19, the heating and cooling costs are 3386 and 511 respectively.

Considering the geothermal heat pump with a COP of 5 and an EER of 4 and a heating useful
energy of 55935kwh and for cooling 14992kwh, the comparison of costs and payback period
for heating and cooling are presented in the next table:

Table 21 — Annual energy costs, savings and payback
) "H#) #
* + ’
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In spite of the better result, comparing the payback with the other examples, it stills a high
payback.
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3.4 Swimming pool
4.4.1 Area Description

The swimming pool is situated in Barreiro, Setubal district. Barreiro is located in zone 11V2,
considered a soft season, which should be given special attention in summer, as it is shown
in table 3. The building characterization is summarized in table 22:

Table 22 — Building characterization
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The characterization was made dividing the building in four parts: the swimming pool itself,
the swimming pool nave, the bench area and the changing room, shower room and toilet
area. GSHP will be used to heat the swimming pool water and also to dehumidify the
swimming pool nave, the bench area and the changing room, shower room and toilet area.

The Hot water production for the shower room will be assured by the boiler, since a
temperature of 65°C is required to avoid legionelle and the geothermal system cannot
guarantee this temperature. Even knowing that geothermal system could be used to heat part
of the water, this is not considered in this study.

The ideal conditions in the swimming pool are presented in table 23.

Table 23 — Swimming pool ideal conditions
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4.4.2 Acclimatization System Description
The swimming pool is actually heated by natural gas boilers and has also two dehumidifiers,
one to the swimming pool nave and other one to the change room, shower room and toilet
area. The respective characteristics are:

Table 24 — Existing equipment characterization
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The energetic needs to heat the swimming pool water and also to dehumidify the swimming
pool nave, the bench area and the changing room, shower room and toilet area are resumed
in the next table.

Table 25 — Energetic needs for heating and dehumidification
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These needs were based on the equipment power actually used and for the swimming pool
water it was only considered the swimming pool functioning, being a boiler used in the
swimming pool starter.

4.4.3 Geothermal System

To fulfil the swimming pool needs, two ground source heat pumps will be used. One only to
heat the pool water, with a power of 70kWaq and another one to the dehumidification needs
of 130kW, in a total of 200kW. The 70kW ground source heat pump will be used only in the
running period, as mentioned before.

The number of boreholes was estimated considering the heating capacity and considering an
average value of 60W/m of extracted heat from the boreholes (75 W/m of heating deliverable
into the building). Taking into account these results a preliminary cost study was performed,
considering the perforation cost of 35 /m, different costs are presented in table 26

Table 26 — Number of boreholes and total deep results
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4.4.4 Costs Comparison

The cost comparison wasn't done for this case, since this option will only be considered if the
actual system has to be changed, being the equipment costs similar for both options, plus the
borehole costs. The geothermal option could be also considered in the swimming pool
implementation and can be used for other swimming pools with the same conditions.
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3.5 Greenhouses
4.5.1 Area Description

The greenhouse is specialized in the production of both rooted and unrooted cuttings of a
range of ornamental flowers, including Fuchsias, Basket and Patio plants, Poinsettias and
Perennials. The greenhouse sits on Quinta do Monte Alegre, Taipadas, Canha on Montijo
region in Portugal (south from Lisbon). Montijo is located in zone I11V3, considered a soft
season, but with drier climate, due to mainland influence, as it is shown in table 3.

Total greenhouses area is of 46 900m? divided into 23 greenhouses. Table 27 shows
greenhouses area and type of fuel currently used. Figure 25 presents an overview of
greenhouses.

Table 27. Greenhouses areas and type of used fuels

Greenhouse | Area(m?)| used fuel Greenhouse | Area(m®) | Type of used fuel

Figure 23 General view of greenhouses

The greenhouse has about 3m tall and the walls material is PVC.
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Figure 24 Exterior and interior of the greenhouses (Ulisses et al, 2007)

The heating system that heats the water used to maintain the ideal temperature in the
greenhouse is comprised by a wood chips boiler and several gas boilers. From table 27 it is
possible to achieve the area heated by these two different systems. The area heated by the
wood chips boiler is around 14 720m?, while the area heated by the gas boiler rounds 32
200m?.

The ideal conditions inside the greenhouse consist in a temperature around 16/17°C in winter
time, being the heating moths between December and April. The minimum temperature
should be 15°C.

Actually the system doesn't provide cooling in the summer. With the geothermal system
cooling will be provided, allowing better results in this season. Cooling needs will be also
considered in the calculations. Heating and cooling loads were calculated through the
simulation program HAP 4.31 from Carrier.

Table 28: Estimated Greenhouse Design Heat Loss Load

Space Heating Loads Design Heating Load
Greenhouse Transmission Load 132 kw

Infiltration — Continuous Load 59 kW

Total Space Heating Loads 191 kW

Table 30: Estimated Greenhouse Heat Gain Load

Space Cooling Loads Design Cooling Load
Greenhouse Transmission Load 64 kW

Infiltration — Continuous Load 36 kW

Solar Heat Load 472 kW

Total Cooling Load 572 kW

4.5.2 Acclimatization System Description
The actual system used in NOVOSOL greenhouse comprises a wood chips boiler and
auxiliary equipment and direct natural gas burners.

The existing biomass system consists on a wood chips boiler and a silo to store the chips and
a supply system. The wood chips (usually pine wood) are automatically feed into the boiler.
Figure 31 shows the chip wood boiler and table 31 resumes the boiler characteristics.
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Figure 25 Wood chips boiler (Source: Ulisses et al, 2007)

Table 31: Biomass boiler characteristics

Boiler

Model CAL TB 3000
Fuel Wood chips
Thermal power (MW) 3.48
Working Pressure (kg/cm?) 0.5

Water maximum temperature (°C) 105
Electric Characteristics
Voltage 230/400V / 50Hz
Power kW

During normal operation period, 1m®h is the average consumption of the boiler. Considering
the price of 6.25 /m®, daily wood chips cost is about 163 /day.

4.5.3 Geothermal System

Four different options were considered, one to fulfill the heating needs, compensating the
cooling needs through a chiller or an ice bank (1st option), other to fulfill the cooling needs
(2nd option) and finally, the third and fourth options were considering an open cycle instead
closed cycle to fulfill the heating needs, compensating the cooling needs through a chiller or
an ice bank (3rd option), to fulfill the cooling needs (4th option).

The number of boreholes was estimated considering the heating capacity and considering an
average value of 60W/m of extracted heat from the boreholes (75 W/m of heating deliverable
into the building), or, considering the cooling capacity, an average value of 50 W/m of
extracted cool from the boreholes (60 W/m of cool deliverable into the building).

For a correct estimation of the number of boreholes, it should be used a dedicated software
as the software EED (Hellstrom et al., 1997). During the drilling of the boreholes the total of
boreholes length should be confirmed due the uncertainness as the presence of water flow in
the underground and the non-uniformity of the soil composition, to obtain a correct number.
There are some equipment that can perform a Thermal Resistance Test of the soil as the
TRT-equipment of UBeG GbR (Sanner et al., 2005).

22



Considering the greenhouses needs and an extracting cooling power of the borehole around
60W/m, the boreholes total deep was calculated. Considering also a deep of each borehole of
150m, the total number of boreholes was estimate. The results are in table 32.

Table 32 — Number of boreholes and total deep results

Heating (1st option) Cooling (2nd option)
Load (kW) 191 572
Extracting power (KW/m) 0,075 0,060
Boreholes total deep (approximately) (m) 2547 9584
Boreholes deep (approximately) (m) 150
Number of boreholes 17 64

Taking into consideration these results, a preliminary cost study was performed, considering
the perforation cost of 35 /m the total costs are presented in table 33.

Table 33 — Cost of perforation

GSHP + Chiller with closed loop| GSHP with closed loop
(1st option) (2nd option)

Perforation cost ( /m) 35,0

Boreholes heat exchanger total costs ( ) | 89 250 | 336 000

According to typical flow needs and prices of submerge pumps in general, the geothermal
open cycle costs are 35% less than the closed loop cycle option. Considering this value, the
costs of the 3rd and 4th options are in table 34.

Table 34 — Cost of the open loop option

GSHP + Chiller with| GSHP with open
open loop (3rd option) loop (4th option)
Boreholes heat exchanger total costs | 31 238 117 600

4.5.4 Costs Comparison

To facilitate the calculation, the comparison was done considering an area of 1000 m2 and
also the space heating and cooling loads calculated by HAP software:

Heating load of 127 470kWh/year
Cooling load of 684 553kWh/year

The scenarios considered for heating and cooling were:

Natural gas boiler with an efficiency of 93% and a chiller with a EER of 3
Biomass boiler with an efficiency of 70% and a chiller with a EER of 3

Air heat pump with a COPy¢, 0f 4 and a EER of 3

Ground source heat pump COPe: =5 and EER = 4 and a chiller with EER = 3
Ground source heat pump with a COP, Of 5 and a EER of 4

23




The electric tariff considered was 0.085 /kWh. The cost of equipment was not considered
since the price will be similar for each option.

Table 35 shows a summary of estimated annual energy consumption and costs for an area of
1000m2, considering heating and cooling and table 37 shows the savings and simple
payback.

Table 35: Summary of Estimated Annual Energy Consumption and Costs for an area of
1000m2, considering heating and cooling

Natural Gas +| Biomass +
Chiller Chiller
(93% + EER 3) | (70% + EER 3)

Air Heat Pump GSHP + Chiller GSHP

) . System option 1st option 2nd option
System Option | System Option
i 365 249 kWh 410 284 kWh 260 052 kWh 234 630 kWh 196 632 kWh
Annual Consumption & Cost
27 046 20 925 22104 19 944 16 714

Table 36 — Cost of the BHE

GSHP + Chiller withf GSHP  with| GSHP + Chillerf GSHP  with

closed loop closed loop | with open loop | open loop

(1st option) (2nd option) | (3rd option) (4th option)
Boreholes heat exchanger total costs 89 250 336 000 31238 117 600

Savings and payback to the four options are:

Table 37: Summary of Savings & Simple Payback of all Options

Savings
Biomass Natural Gas| Air Heat Pump
System Option | System Option | System Option

GSHP + Chiller 982 7 102 2 160

GSHP 4212 10 332 5390

Simple Payback

GSHP + chiller 1st Option 91 years 13 years 41 years

GSHP 2nd Option 80 years 33 years 62 years

GSHP + Chiller 3rd Option 32 years 4 years 14 years

GSHP 4th Option 28 years 11 years 22 years

As we can see from the results, GSHP allow important savings concerning annual energy
consumption and costs. However, considering the simple payback, only one solution seems
to have economical interest, the others are not very favorable, mostly due to the high cost of
perforation.

The 3rd option, using the GSHP with BHE in open loop to fulfill the heating needs, use this
capacity to fulfill part of the cooling needs and compensate them with a chiller, shows in
general better results, especially for natural gas with 4 years of simple payback. The open
loop system is cheaper than the closed one and the fact that the GSHP will only cover the
heating loads, reduces the BHE deep and consequently the perforation prices.
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In spite of lower efficiency, biomass and air heat pumps shows to be a good solution, due to
the big investment in perforation in GSHP, and low price of biomass.

To use GSHP it is important to make a more detail study and consider some different options.
However this was a simple study and some variables as maintenance, equipments life time
and CO, emissions were not considered and they can be an important advantage for the use
of GSHP. The increasing prices of energy and the decreasing price of investment, due to
more experience in the field, will make the GSHP a more viable technology.

4Conclusion
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