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ABSTRACT:

The Eco Gozo 2015 Vision of the Ministry for Gozma at making the Island of Gozo eco-friendly,
supporting a sustainable society, while improvihg guality of life of citizens and reducing the
Island’s carbon footprint [1].

This paper aims at addressing the Eco-Gozo Coritapt a sustainable energy point of view. Gozo,
being a small island that fully depends on the nislemd of Malta for the provision of energy supgli

and electricity, would have to become more selfisient in terms of renewable energy generation,
thus reducing power transmission losses and itecaged carbon emissions, and increasing the

island’s autonomy and energy diversification.

Studies showed that for the immediate future, ther@ good potential for the use of solar and wind
energy systems on the island. The use of bio-enangyalternative fuels for vehicles would increase
energy options for transport fuel, and in the lange, there might be possibilities for using wave
energy for electricity production. The paper alBows significant savings that could be achieved by

applying roof insulation to buildings.

Although the paper has not exhaustively dealt &ltlenergy saving, energy efficiency and renewable
energy options, the results presented here shaaldskful to all entities who may be directly or
indirectly involved in planning for the Eco-Gozatiative, and may also support the formulation of
sustainable action plans that would be necessaacheeve the full aims of the Eco-Island concept.
This study also showed that the Island of Gozoaqatentially even become a net exporter of green

electricity.



1. INTRODUCTION

During the month of May 2010, the Institute for tursable Energy (ISE) of the University of Malta
conducted a number of case studies related toecbheddzo Concept, focusing on energy issues. These
included solar thermal and solar photovoltaic poé¢nfeasibility of a medium-sized wind farm,
biofuels’ potential for transport and the futurequgial of wave energy for power production.

This study was led by a team of experts from the, I&1d groups of students from James Madison
University, Virginia, U.S.A., who spent one month@oying different methodologies for determining

the potential of alternative energy systems foristend of Gozo.
This paper presents a synthesis of the followitgrmal reports that were completed in June 2010:

1. The Contribution of Solar and Heat Pump Water Hesatewards Sustainable Development on
the Island of GozdGaertner E., Knoll A. and Oliver N., with Yousit

2. Solar Photovoltaic and Wave Energy Potential of &®@raper, B., Johnson, J., Pugh, T., &
Sabo, J., with Mule’Stagno L.

3. Wind Energy in Katem, Gozo: A Case Study on Technical Feasibility dodal Acceptance
Cochran K., Fox J., McHarg M. and Williams E., withrrugia R.N.

4. ECO-GOZO, Towards Zero Net Carbon Emissions: Bleflier Transport,Frankenfield S.,
Jennings R., Pearson C. and Smith E., with Weissgdr M.

5. Roof Insulation to Reduce the Carbon Footprint oilddngs in GozoMiller G., Mills C.,
Rupnik B. with Fsadni M..

Sustainable Development may be described as th# afdsnaking the best of economic development,
environmental protection and social inclusion. Theted Nations Department of Economic and Social
Affairs identified energy as the main factor thaiuld affect sustainable development. Energy would
have to be managed in such a way that the riglainbalis achieved between the need for using energy
and the negative impact that such use may havderenvironmen. For this reason, this paper has
focused on the energy needs of the Island of Godooa studying the potential offered by alternative

sources of energy and roof insulation.



2. WATER HEATING OPTIONS
Yousif C., Gaertner E., Knoll A. and Oliver N.

Maltese as well as Gozitan households extensivety electric boilers for heating water. The 2005
Census showed that 94.7% of households have a hedter installed [3]. The Household Budgetary

Survey of 2008 had estimated the percentage ofehalds that own an electric or gas heater at 93.7%

[4].

In this section, the focus was on the potentialisihg solar heating and/or heat pumps to replace
traditional electric water boilers, which may redu household’s electricity consumption by 15% to
30%. In fact, the total amount of electricity tleauld be saved by heat pumps or solar thermal sgste
could range between 6,040 and 12,080 MWh per yidae.precise figure depends on several factors
including family size and lifestyle. Hence, waterating would be one of the important factors that
could affect the overall consumption of electrici&g it was estimated to have amounted to between 8
and 16% of the total electricity consumed in Gaz@007.

The scope of this study may be summarized as fatlow
* To determine the prevalence of solar water heatmtg in Gozo.
* To estimate the average area of roofing availalniedlar water heaters.

» To perform economic analysis comparing solar wdteaters, heat pumps, and electric

resistance water heaters.

* To establish the possible reduction of £émissions by using solar and heat pump water

heaters.

The main reason for introducing heat pumps steminged the fact that certain households may have
no access to a roof and therefore may not benwim fany Government grants for solar hot water
heating systems. At the same time, the EU Direativegenewable energy 2009/28/EC has identified
heat pumps as a possible source of renewable ermmyded that the energy delivered for heating is

significantly higher than the primary energy consdnto drive the motor, as shown in Figure 2.1 [6].
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Figure 2.1: The heat pump cycle and the corresponding endogy diagram drawn to scale for a heat pump
with a COP of 4 [5].

When compared to an electric heater energy flovgrdim (Figure 2.2), one would appreciate the
positive impact that a heat pump would have onetironment, since it would provide 3 to 4 times

more heat energy per unit of electricity consumed.
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Figure 2.2: Energy flow diagram for a traditional electric leoi The size of each box is drawn in proportion to
the energy needed, produced, consumed or lost [5].

Therefore, it is recommended that heat pump tedgydior water heating should also be supported in
proportion to its renewable energy generation doution. Grants should be provided so that
households that have no access to the roof wollltheshefit from funding schemes that encourage and
support them to save energy and produce renewatdryye for their needs, thus ensuring a more

equitable social justice prevalence among all it&z

It was considered necessary to gauge the poteritgdlar heating from a technical as well as aaoci

point of view. For the technical part, two sitesrevesampled, namelyictoria (representing a



community of predominantly terraced houses) Bladsalforn (mainly consisting of high rise buildings
and apartments). Surveys, photographs and geogedphaging were all combined to provide an
insight to the existing percentage of householdsiogva solar system, the potential for installiregvn
systems and the percentage of households with cgess®r shaded roofs. From a social point of view,
a sample survey was conducted among Gozitan holaselo both localities to gauge the level of
popularity of solar heaters.

2.1 Technical Study

Vantage points were chosen from where a numbehofographs were taken. A photo-combination
exercise was then carried out to produce a panoravarview of the sample area for sample buildings
from Victoria (mainly terraced houses) amdiarsalforn (mainly high rise buildings). By combining
these photos and comparing them to GIS maps taken®oogle Earth, it was possible to measure the
unshaded areas on each roof within the sampled arehat the same time count the actual number of
installed solar heaters. Figure 2.3 shows the ndelogy adopted, whereby each household was
numbered and identified in Google Earth. Dimensiorese taken, shaded areas removed and net
useable areas calculated.

Figure 2.3: Photography and GIS Google Earth photos were auadbio calculate the effective unshaded roof
areas inVvictoria andMarsalforn, Gozo [5].



Results have shown that the majority of rooftop¥ittoria are accessible and there is sufficient space
to place a solar water heater (26% of roof) withoanflicting with the other traditional uses foreth
roof, such as laundry drying, gardening and otleras activities. Around 90% of the dwellings there
have adequate space for a solar heater. MeanwhNéarsalforn area, the roof availability amounts to
29% of the total roof area, but given that it widlve to be shared among all apartments in theibgild
(assumed to be 3 storeys high), only 26% of hoddsheould have sufficient roof space to place a

solar heater, as shown in Table 2.1.

Table 2.1: Results showing the availability of rooftop area the installation of a typical 200-litre solar ter

heater.
Avg. rooftop | Avg. useable| Avg. useable| Percentage of buildings having adequate
area rooftop Area | rooftop area space for ALL households within
(m?)

(m?) (%) (%)
Victoria 104 26 26% 91%
(terraced
houses)
Marsalforn 141 41 29% 26%
(Flats)

In order to generalize these results to the whalnt of Gozo, it was deemed necessary to divide th
island into zones according to their prevailinglthng structures (terraced houses or apartmentg). T
villages were considered as predominantly congjstihapartments, nameMarsalforn and Xlendi;
while the remainder of the island’s councils weoasidered as predominantly composed of terraced

houses.

Based on this zoning exercise, an indicative esénwd the number of solar heaters in Gozo was
carried out as well as the potential for solar imgaaind heat pump applications for the Island, mgki
use of past Census data and the surveys that weaucted forVictoria and Marsalforn It was
concluded that about 12.5% of Gozitan household®itly have a solar water heater, as compared to
10% in 2005 (as deduced from the 2005 Census)hé&umbre, about 78% of households in Gozo have

both the space and un-shaded requirements necdesastall a solar heating system. The remaining



22% would have to resort to a heat pump water ihgaystem in order to reduce their electricity bill

and contribute towards a better environment.

2.2 Social Study

The aim of the social study was to determine thglications or constraints for the installation ofas
heaters in Gozo. The 68 surveys that were collefcted Victoria andMarsalforn were analyzed and

this resulted in the following statistical outcomes

» Of those who had solar heating systems, 88% wdisfisd with their performance and 71%

have benefited from the financial government gaantapital cost.

« Of those who had no solar heating systems, 90% kaleout the government’'s financial
support scheme.

Several important conclusions can be made frometbtistics. The first is that most people whoehav
solar water heaters are happy with them. The sersotidit almost 3 out of 4 people took advantage of
the government’s subsidy, which would seem to ssigtpat the scheme is having some impact on the
purchase of solar water heating units. The mosbapt outcome from this sample was the fact that
most domestic users who do not have solar watdetseare in fact aware that a government subsidy is
in place. This suggests two important things; tret that information about the government subssdy
not a major cause for people not purchasing suds and the second that the current government

subsidy alone is not enough to motivate the widsmgpapplication of solar heaters.

The next set of information addressed the reasdrysp&ople may not have solar water heating units.
Figure 2.4 shows the reasons given by respondentsof having a solar water heating unit. These are

grouped into several categories.

It is clear that the majority of respondents hamerderest in purchasing a solar heater, but mdny o
them are actually waiting until their electric keog fail. While the result seems to be positive, th
likelihood for these homes to purchase a solarenesitnot guaranteed. More awareness and education

would probably be needed to entice this group tbfop a solar heating system now, rather than



waiting for a number of years. Here one needs gpka mind the fact that when an electric boiler
fails, the household would need to replace it imiawtedly. In general, applying for a solar water leeat

grant takes time and this would discourage peapla bpting for this approach, since they would wish
to reduce the time without a hot water supply sedeca minimum, and would not afford to wait until

their application is approved.

The second largest group responded that the cagotl was still high in spite of Government’s
financial support. This is due to the fact that thaential buyer has to pay a lump sum at the
beginning, which is not always possible. This wosdétm to suggest that the Government’s grant on
capital expenditure is not enough to encouragetiiehase of a solar water heating system for these
people. It can also imply that solar heating systane not really the top priority at this stagee Tinost
recent Household Budgetary Survey of 2008 [4] lmmsved that on average, Maltese families manage
to save 1,000 Euros per year. This would imply thedrage households cannot buy a solar heater that
usually costs up to 1,700 Euros and thereforey $@ating is not high on their list of priorities.

8% 2%

11%

21%

27%

O Considering SWH/Waiting for Geezer to falil B Too Expensive
0O No Roof Access/Do not Own Residence O Not interested
H Don't know about SWH O Other

Figure 2.4: Pie chart of reasons why sample dwellings in Glizaot have solar water heaters and their relative
percentages.



The third largest group of people surveyed said thay did not have access to the roof for some
reason or another, though for most people thisuss td living in an apartment complex. This is the
group that would benefit most from the developmamd implementation of an incentive program for

heat pump technology.

The last few groups are small but probably the nwfiicult to deal with. While it is a small
percentage overall, a number of people did saythest simply had no interest in getting a solarevat
heater for various reasons. An even smaller pesgensaid that they did not know much about solar
water heaters. While it is positive that this ahe other groups are small, it still may be wortbkiog

into what can be done to help promote solar wagatdrs. In fact, the cumulative effect of the small
groups adds up to an impressive 20% of the totééntial of the domestic sector, which is quite

significant.

The last part of the questionnaire gave an indicatif the main motivations that the domestic sector
would be interested in. The results are shown guie@ 2.5 and this fully agrees with the previous
analysis carried out; i.e. that the present firenecheme is not sufficiently enticing to encourége

widespread application of solar heaters.

7%

50%

O Capital Incentive m Insentive & Environment O Environment 0O Other

Figure 2.5: Pie chart of people’s primary motivation for buyia solar water heater [5].



This represents one of the most fundamental prablesth environmentally-friendly practices. In
order for people to adopt a technology such as thmust be economically beneficial for them to do
so. The fact that solar water heating technologyedsnomically beneficial (due in part to the
government subsidy), is something that must be eyped to the public in order to generate interest.
The economic analysis in the following section shdhat purchasing a solar water heater can pay for
itself in electricity savings in a few years. Thieeans that using solar water heating technology is

actually cost effective as well as being benefitnahe environment.

2.3 Life Cycle Costing Analysis and Environmental Bnefits

An economical analysis based on life cycle costwasg carried out for the three options of heating
water, namely, the traditional electric boiler, @as heater and a heat pump. Figure 2.6 shows the

overall costs divided into capital and operaticrasts.

4000
o @ Electricity Costs
5 2000 |
w B Equipment Costs
O |
Electric Boiler Solar Water Heat Pump

Heater

Figure 2.6: Life cycle costs for the three different options heating water [5].

It is clear that although the capital costs aredofer a traditional electric boiler, the overatists over
a period of 10 years make it the most expensiveopor heating water under the prevailing eledlyic
tariffs of 2010. Solar heating offers the best @ptven without any government subsidy.
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Naturally, a traditional boiler has no payback pérbecause it only consumes energy, while a solar
heater and a heat pump could pay back, since gsgngally produce free energy. Table 2.2 shows a
comparison of payback periods for a solar heatdraameat pump.

Table 2.2: Financial indicators and discounted payback perifmt a solar heater (SWH) and a heat pump

(ASHP)without government subsidy.

Heating Option SWH ASHP
Benefit — Cost (€) 1,189 466

Savings to Investment Ratio 1.97 1.25
Discounted Payback (years) 6 10+

If one were to include a Government subsidy ondhe® renewable energy technologies, it is realised
that a reasonable payback period of 4 years magdihed if the Government subsidy is at least 60%

of the total capital costs, as shown in Table 2.3.

Table 2.3: Effect of Government subsidies on the paybackoplesi RE technologies.

Solar Water Heaters Air Source Heat Pumps
Percent of Lifecycle Benefit-Costs  Payback Lifecycle Benefit-Costs Payback
Capital Costs Costs
Cost (%)
(€) (€)
(€) (yr) (€) (yr)

0% 2,353 629 8 2,586 466 10+

20% 1,975 1,007 6 2,161 891

40% 1,598 1,385 5 1,736 1,316 6

60% 1,220 1,762 4 1,312 1,740 4

This is not farfetched since other countries am ahvesting heavily in subsidies to encourage
households to use renewable energy technologie®usbtralia for example, a subsidy of 1,000
Australian dollars are granted for a solar heater@0 Australian dollars are provided for a heahp

[7].

With regards to environmental benefits, solar mgatind heat pumps positively contribute to the
reduction of the carbon footprint of households wivempared to the present usage of traditional
electric boilers, as shown in Table 2.4.
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Table 2.4: Carbon dioxide savings of heat pump and solar wagéating technologies, when replacing a

traditional electric boiler.

Technology Elect. Savings CO, Savings
(kWh/year)
(kg CO2/year)
ASHP 1630 1432
SWH 1895 1664

2.4 Conclusions
The conclusions of this study may be summarizeadlbsvs:

» Solar heating is still very lightly utilised in GoZ12.5% of households);

« The majority of households have adequate roof sfarestall a solar heater;

* Around 20% of households have no space or havesdiradfs and would therefore have to use
a heat pump water heater, as an alternative tvatgional electric boiler;

e Both SWHs and ASHPs are economically and environatigrsuperior to traditional electric
boilers

» Subsidies of at least 60% would be needed to hhiagayback period of solar heaters and heat
pumps to an acceptable level of 4 years (lower thantypical guarantee on the product of 5
years).

e Educational campaigns are needed to convince ar@®¥d of households that are not

interested in solar heating, to reconsider.
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3. PHOTOVOLTAIC SOLAR ENERGY POTENTIAL
Mule’Stagno L., Draper, B., Johnson, J., Pughahd Sabo, J.

Photovoltaic (PV) technology is one of the provenhhologies that can be implemented to reduce
greenhouse gases. Advantages of PV electrical gemeinclude the predictable output with respect t
solar availability and the possibility of having cudar systems that virtually fit in every area wéhedr

the size may be. In such systems, there are norg@arts and therefore PVs are reliable and long
lasting. Disadvantages include the relatively highital outlay and the competition for roof spagthw
other uses. There are several types of PV pangish® most common ones (and those with the longest
history) are those made from mono- or multi-crystalsilicon wafers. The main difference between
the two is the slightly lower cost and lower effiocy of the latter — therefore requiring more rejpéce
(typically 10-20% more) per kilo-Watt peak (kWp}ktalled. A third available type, thin film PVs, has
the disadvantage of either lower yield (amorphalisos), or of being relatively new technology with
potential recycling issues at the end of the maltdifetime (CdTe and CIGs). In the long term these
latter materials might be attractive when thesadassare resolved because they offer a lower cast pe
unit of electricity generated, but so far mono andlti-crystalline silicon panels are dominating the
market, including that in Malta. Typically, thesimdis of panels require about 15 of roof space per
kWp (taking into account allowances to avoid crekading of one string of panels on the next group
behind them).

Gozo, like the rest of Malta, has the highest l@fahsolation in the EU and over 1,400 kwWh coué b
generated per unit kWp installed [1]. A typical Bebold installation of 1.5-2 kWp will therefore
generate 2,000 — 2,500 kWh per annum reducing dr@000 kg of C@ emissions per year or the
equivalent of that absorbed by about 100 treeslIf2jould therefore make sense to maximize the
number of installations on homes and businessase3hese installations would be relatively smkl (
100kWp), the power generated should not disruptetiergy grid and transmission losses would be

negligible since the power would be consumed dosehere it is generated.

It was estimated that Gozo has 2-Flohavailable rooftop space. As mentioned earthe,useful roof
space is only that part that is unshaded for mbshe day. Therefore, for example, on the typical
Gozitan house the roof has a 0.83 m perimeter arall the panels cannot be installed closer than 2
metres to the perimeter to avoid over-shadowingoAany higher buildings to the South, West or East

of the roof in question will limit the productivitpf any PV installation on that roof, making it
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uneconomical. Taking these factors into account@oro, the unshaded roof space available for PV
installations is estimated to be closer to 12kifhis would put the theoretical maximum installed
capacity in Gozo at 67 MWp, which would generateeatimated 100 GWh per annum compared to
Gozo’s total annual consumption is of 73 GWh in 2Q8]. This means that Gozo’s rooftops could

generate enough electricity for the island and ergrort surplus to Malta.

A realistic target of installed capacity dependsrarnious factors including the incentives availalbfe

cost of the technology, the public’'s openness &sd¢htechnologies and the important pre-requisites o
having a solar water heater and becoming energgieaft. The former makes sense because a solar
heating system is three times more efficient, aodr ftimes less expensive than an equivalent
photovoltaic system producing the same equivalerdumt of electricity to heat water. Naturally, one
will need to leave space on the roof for installsugh solar heaters. Hence, if one assumes that PVs
could be installed on 10% of the available rooftthy)s would result in a generation of approximately
10 GWh per annum, or 14% of Gozo’s total power oamgtion. If appropriately incentivized, this

level could be significantly higher.

Currently, the Government is offering a feed-iniftanf € 0.28 for electricity generated from PV
systems installed in Gozo. At current PV prices shraight payback period (not taking into account
cost of capital) for such an installation in Gomounder 5 years if the buyer obtains the 50% 003,

maximum) Government grant (Figure 3.1).

Without Government grant, even if prices continbeveing some decline as they in fact appear to be
doing, the payback period would still be on theeordf 7 to 8 years. A more attractive feed-in fasf

probably needed to encourage more people to iBtalbanels on their roofs to approach the level of
installations mentioned above. This is the trerat thas been followed and successfully implemented

by the majority of EU Member States.
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Figure 3.1:Income generated per year for a PV system indtail€50zo. Assuming 0.28c/kWh FIT, an average
price of €3650/kWp and 50% Government grant on lpase price [3].
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4. WAVE ENERGY POTENTIAL
Mule’Stagno L., Draper, B., Johnson, J., Pughahd Sabo, J.

While wave energy generation is not yet a maturkrtelogy, it is coming of age and there is currentl
an increased level of interest in this technologgrious pilot installations have been installedusuth
the world and there are plans to expand to full-goéle wave-farms. While waves in the
Mediterranean tend to be of lower intensity thaosthin other seas, there is still potential fotings
new technologies in the field that could bring ttust per kWh down to a more competitive price,
when compared with other renewable sources andibbypseven with traditional fossil-fuelled
electricity.. This is because the technology magdtasable — since the marine space is relativebela
and the technology itself has a low visual and mmnental impact. The main disadvantage is that
most technologies are still new and fairly unprqvand are limited by sea depth (though these

technologies can be installed in much deeper wétars offshore wind turbines)

There are currently dozens of companies workintpimfield. The technologies are broadly subdivided

into four main categories, as follows:

1. Terminators are anchored to shore and captureflectr¢he power of wave energy by moving
perpendicular to the direction of the wave.

2. Attenuators float on and move with the waves, agaegate electricity by offering resistance to
the wave or by taking advantage of the changeighbherovided by the wave.

3. Point absorbers also float on the waves and genetactricity by taking advantage of the up-
down motion, but they do so at a fixed point (likgoys) rather than by undulating with the
waves like attenuators (which are more like hingets).

4. An overtopping device has a large reservoir thabbes filled by incoming waves to a higher
level than the surrounding sea or ocean. The i8ag@eergy is converted to electricity when it
IS then released.

The last three technologies could potentially bgliapble in Gozo. Terminators, having to be anctiore
to shore provide both environmental and logistissues since the likely best location for wave
generation in Gozo has a cliff face.
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A wave farm should ideally be positioned in shalloegions that are close to shore but at the same
time, experience high waves. The best locatioménsiea around Gozo therefore seems to be the North-
West region which has the highest waves closestdoe [1]. The land facing that direction of tha se

is sparsely populated, while the earmarked aré isom any major shipping routes. Figure 4.1 show
the average height of waves around the Maltesads|avhere a given wave height (1 m, 1.5 m or 2 m)

is exceeded at least10% of the time [1].

.
Significant Wave: Height (m) N

Bl Above 2

15- 2
Below 15

Figure 4.1: Average wave heights around the Maltese Islantige(B less than 1.5 m, Yellow — 1.5-2 m and red

— greater than 2 m) [1].

The hurdle that would have to be overcome wouldrbpower transmission since no high voltage
power lines cross Gozo [2], as shown in Figure Bi@vever, if tests performed at this site provd tha

this technology is promising, this should not beresurmountable problem.

Given that the technology is modular, and the spsaa®t limited, it is conceivable to have a 5-10
MWp park or even larger. Since not much data islavi it is difficult to predict the exact amouwit
electricity generated, but it is conceivable thathsa wave farm around Gozo could produce 5 to 20
GWh or 7-28% of Gozo’s total consumption. Photo-tages have been produced as shown in Figure
4.3 below.
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Figure 4.2: The main high voltage electricity transmissiore$irfor the Maltese Islands [2].

Figure 4.3: Photo-montages of what different types of wave faoould look like at the North-western sea off
Gozo [3].
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5. WIND POWER TO COMPLEMENT THE ECO-GOZO INITIATIVE : A CASE STUDY ON
TECHNICAL ASPECTS AND SOCIAL PERCEPTIONS
Cochran K., Fox J., McHarg M. and Williams E. anarfugia R.N.

51 Desk-based Research

The 2010 wind study commenced by identifying lomasi on Gozo that could be suitable for the
installation of wind turbines. Two general areasravidentified for further investigations, primgril
due to their significant land area and due to tegposure to the regional prevailing winds. Thstfi
was an expanse of land on the south western etite o§land of Gozo, roughly west of the villages of
KercemandSanta Lucia The other area was north west of the villag&drb. At an early stage in
the project study, a decision was taken to focushenformer site due to the availability of a wind

parameters database from one of the ISE’s wind tmidng stations on site.

The small scale of the Maltese islands, the higbutadion density, intense land use and their caltur
and historical backgrounds make them unique irr thn way for such case studies. The research
work focused on estimating wind resources, on otrdevelopments in the wind industry, on energy
yield from selected wind turbines, and on issues #ne typically related to wind project developmen
Likewise, local policies that may be applicabldie case study in question were noted.

5.2 Fieldwork: Identification of Ongoing Activities and A Constraints Mapping Exercise

In the initial phases, the research focused od firk at the site of interest. In cases wherectse
study is dealing with larger-scale wind projedt® students were not only taken on site, but were
expected to venture further afield in order to@broader perspective of the task at hand. Duhisg
phase, one is expected to identify key vantagetpdiom which one may assess the extent of the site
under consideration, to recognize current actiwiti@at are underway in the general area, and to
earmark other points of interest. On completiotheffirst phases of fieldwork, the group thenresto

map out all of these aspects in order to cread@me lise and constraints map. This exercise defiees
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boundaries and limitations for the hypothetical avfarm. During the visit t&ercem the group
identified a number of ongoing activities with timain site characteristics outlined as follows:

= agricultural landscape with typical terraced fietdsrounded by rubble walls interspersed with
tracts of untended land;

» limestone quarrying and stone crushing for aggeegauderway at two distinct and separate
areas;

» urban areas: particularly the villagesk#rcemandSanta Lucia The site was also visible from
the main town oRabatand from theCittadella, the old fortified citadel, amongst other more
distant urban areas;

» a few farmhouses dotted the area; with the clazeshe outskirts oKercemand in the nearby
valley;

» the area may be considered one of natural scemigtyevith protected cliffs on the seaward
boundary of the site. The site is also partlyblesifromDwejra;

= arock pool called-Gradira ta’ Sarrafluis classified as a protected area;

= historically significant remains exist at the fatimost western extremity of the site;

» a fireworks factory is located in the area;

= a VHF Omni-directional Range Navigation System (JQRat allows aircraft to navigate
safely from point to point was identified as ondltg major constraints on the site.

The main activities (or constraints as appropriate)e then mapped out on a topographical map with
buffer zones superimposed around towns and villagedustrial activities, cliffs and areas of
historical/archaeological significance accordingewel of interaction or conflict with a hypothetic
wind farm. The remaining ‘available’ area allowied two wind turbine arrays with different-sized

wind turbines to be prepared.

5.3 Quantification of Wind Resources

The site in the vicinity oKer¢cemis located high on the cliffs of Gozo’s south veestcoast, making
the area particularly exposed to the prevailingtmaresterly winds that dominate the central
Mediterranean basin. A wind monitoring station eged by the ISE was operational at this very
location some years ago and an earlier undergradiissertation [2] had explored different statatic
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techniques in order to present a wind climatoldgicaerprint for the area, with the main findings
subsequently being published in a paper [3]. TO&02wind group used the wind speed frequency
distributions extrapolation methodologies developgd-ernandez Naveira [2] to estimate wind speeds
at the hub heights of the wind turbine models edgthas suitable for the 2010 case studgeatem
Three different wind turbines were shortlisted ndey to have different-sized machines. Figure 5.1

shows the wind speed frequency distributions feious projected heights above ground level.

Cormparison of Wind Speed Frequency Distributions at Wariows Hub Heights

Figure 5.1: Wind speed frequency distributions generatedhé&ghts of 10, 30, 37, and 55 metres above ground
level [1].

5.4  Wind Turbine Options

The wind team carried out a number of evaluativecedures on wind turbines rated at 100, 330 and
900 kW, these having hub heights of 30, 37 and Bfes respectively. The main results of these
analyses are illustrated in Table 5.1 below, thatxstwo scenarios; one for an array of small tugbjn
the other for a smaller array with larger wind gyegenerators. A photomontage was also prepared to

illustrate the general appearance of a particuladwurbine array in the landscape (Figure 5.2).

Table 5.1: Indicative annual energy yield and emission rédas coming from wind farms with small (100

kW) and large (900 kW) wind turbines assuming a 2&#acity factor. This factor was assumed to appbll
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machines in the arrays. The estimated, @@nual emissions reductions from such installatiare also listed

[1].

Turbine Rating Number of Turbines Annual Energy Output Annual Reduction in CO,
Emissions
[kw]
(tonnes)
(MWh)
100 34 7,446 6,539
900 8 15,943 14,001

s O AL g S

Figure 5.2: Photomontage showing a wind turbine array usimglarger wind turbine version scaled on the
Kerécem landscape. The photo was taken almost at theemesobst extremity of the site looking roughly
towards the East. The cliffs and the entrancélémdi,a small seaside locality on the south coast, magelea
on the right hand side of the picture. The islahMalta is just visible in the far background [1].

5.5  Social Perceptions and Popular Awareness

5.5.1 Public Opinion Poll

Wind turbines are perceived to be futuristic, togr@ate clean energy from a renewable resourcecand t
reduce CQ emissions. However, development comes at a cubtvand farms are no exception.
Environmental issues such as visual impact, intenaevith flora and fauna, and noise are amongst th

more frequently-encountered topics that invariatigp up whenever wind project development is
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considered. Part of the Wind Team'’s task focuse@ublic perceptions of a wind farm in the vicinity
of Kercemand the report also outlined a number of propoalgenerate more awareness, to inform

and disseminate information on the various benefitsimpacts related to such a development.

Part of the study on public perceptions involved fineparation of a number of questions to feel the
pulse of people in this respect. The poll was cotetl at the ferry terminal giirkewwain Malta on
persons waiting to cross over to Gozo; in this wagnpling people visiting the island for a day or
more. Other respondents were interviewed at tha requare i¢-TokK in Victoria so as to get
feedback from Gozo residents. Finally, interviemeye conducted at th€ittadella; the respondents
being mainly tourists visiting on a day trip to tistand. The interviewees therefore included Gort
Maltese visiting the island as well as tourists. séection of results is presented in the following
section with the questions and responses from doaadl tourists placed side by side for comparison

purposes [1].
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Figure 5b: A larger majority of tourists were of the same
Figure 5a: When asked whether wind farms are necessarypinion [1].

to meet Gozo’s energy needs, the large majoritypcdls

were in favour [1].

LOCALS: Would you support the construction of a
wind farm on the isiand?

TOURISTS: Would vou supnaort the construction of

awind farmon the island?

36%

\_64%
OYes o@Yes
ENo mHo

O No opinion

O No opinion

Figure Sc: 55% of all locals interviewed would support pigyre 5d: Tourist response to this question resulted in
the construction of a wind farm on Gozo, whilst 30%re 540, being in favour of WF construction on Gozo 3686
against. 17% had no opinion [1]. had no formed opinion; these generally agreeintitheas

more important to gauge how the locals felt [1].
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:How concerned are you about the

O Somewhat

o - Fi

Figure 5e: Concerns about the visual impact of a wind gure 5f: The larger majority of tourists were not

farm on Gozo were explored with this question. 2df6  concerned about appearance, with a lesser pereentag
respondents were not concerned, 41% were somewhg@eing somewhat concerned about such a developrient [
concerned and 17% had no formed opinion [1].

LOCALS: What sort of wind technology would vou

beready to accept?

12%

e BAsingle

\ OA few
\ 10)

mAssizeabie
wind farm

DA sizeable

299, Wind far wind farm
120 -306) (20-30)
ENone @ None
CIMo opinion 0 No epinion

29%

Figure 5g: The response of locals interviewed to gaudggyre 5h: As for tourists/visitors, the larger percentage
perceptions of acceptable technology penetratiorelse \ere in favour of a few turbines, 23% were in favotia
were in favour equally of a few turbines (5 to 18ahines) single machine, and 15% a sizeable wind fam. 8% we
and a sizeable wind farm (with 20 to 30 machine®hly ot ready to accept any turbines [1].

6% were not ready to accept any turbines at aflfioagh

24% had no formed opinion on the matter [1].
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5.5.2 Dissemination of Information

Creating awarenss on environmental responsibiliiesssential if the general public is to be infedn
on the advantages and limitations of RE technofgigrerequisite that is also true in the caseid
power technologies. The study identified differéetels of dissemination of information targeting
students and adults. Inclusion of information emaol curricula was recommended at primary and
secondary school levels to target students. Windesnvironment-related projects and art compestion
are two of the suggestions for the younger studeAtssecondary school level, group projects, essay

and other similar activities could be useful tablat generate awareness and more knowledge.

Informing the current generation of adults may b@endemanding because their views are generally
already formed and as they are also out of the dbeducational system. The need to reach such
citizens from different walks of life and in diffemt age groups requires other tools such as breshur
websites, billboards and last but not least the immedOne of the Wind Team members focused
specifically on the preparation of a lesson plan students and on the preparation of a brochure
focusing on th&ercemwind case study. This leaflet presented inforaratin the role of wind energy

in a diversified and sustainable energy mix, hgjiing details on the benefits and challenges ofiwi
energy projects as well as presenting results fiteenpublic opinion poll conducted by the group and
presented earlier in this summary. An importamteas that is worth mentioning is that once a wind
farm is operational, the need for information adda@tion remains. At such a stage, tours to thme wi

farm could be one way of exposing and attuningptligic to the technology.

5.6. CONCLUSIONS

This study had selecté¢ercemas a candidate site for a number of wind turbmaya. Different wind
turbine sizes were selected and the arrays wergndgsaccording to the lie of the land and othta-si
specific conditions. The utilisation of the largeachines would appear more advantageous, although
a number of technical and infrastructural challenge exist such as the need for more detailedegudi
on the availability of specialised equipment foe twind equipment transportation, installation and
operation. Site access and grid network capaslitire likewise very important and critical issues.
The smaller turbines would redress some of thesgess although the energy generated would be
approximately half of what their larger counterpasiould produce. In view of the various constigint
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particularly the presence of the VOR beacon, tlael imccess constraints, and the electrical distoibut
grid, more detailed studies are required in ordeddtermine the suitability of the sitekércemas a

potential wind farm location for Gozo.
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6. BIOFUELS POTENTIAL FOR TRANSPORT
Weissenbacher M., Frankenfield S., Jennings R.rg8aeaC. and Smith E.

The purpose of the biofuels project was to estinfdatee island of Gozo could sustain itself in terof
transport energy needs through the use of biofisrised from materials on the island. Raw materials
considered included plant biomass from dedicateti glants such as rapeseed, oil palm, hay, Chinese
tallow, jatropha; livestock waste from cows andspignd waste cooking oil from restaurants and

hotels.

Potential yields from these resources were in ttompared to Gozitan energy consumption in the
transport sector. The project was a mix of a deskaafield study in which data retrieved from oific
reports and statistics as well as various acadgmimals have been combined with information
obtained through interviews of Gozitan farmersyehs, fuel station operators, and restaurant owners
The interviews with drivers and fuel station operatwere to reveal the general attitude towards
biofuels, including price expectations. The intews with restaurant owners were to indicate the
guantities of waste cooking oil available for bieskl production. The interviews with farmers were t
explore the entire energy and price structure aicaljural operations on the island, including
electricity and fuel consumption as well as theeekbf feed and fertilizer sourced locally compared

the quantities and price of imports.

Gozo occupies 67 kinof which about a third is considered arable landand that is suitable for
agricultural use, according to the National Stat$sOffice’s Agricultural and Fisheries Report @f03.
Population numbers have steadily increased duhegptist decades to reach some 30,000 permanent
residents. Energy consumption for transport acogrdo official figures of liquid fuels delivered to
Gozitan petrol stations amounted to 6.1 milliomekt of gasoline and 7.0 million litres of diesel in

2008. This translates into an energy consumptids2dfmillion MJ.

The maximum theoretical biofuel supply from dedeéchfuel plants has been estimated in case all
arable Gozitan land were dedicated to biofuel pctidn. Biomass yield per acreage figures were used
as reported in academic journals for other settingile any potential site-specific limitations
(including nutrient and water supply, soil and @im conditions) were ignored for this estimate.
Yields per biomass in terms of output of bioethaitolreplace gasoline) or biodiesel (to replacesifos
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diesel), were estimated according to factors regorh journals, and the lower energy content of
bioethanol compared to gasoline, and biodiesel evetpto fossil diesel, was taken into account to

assess the potential fossil fuel energy replacement

Methane produced from livestock waste and biodipsatiuced from waste cooking oil were included
in this study to represent biofuels that can beerfaoim resources already in existence. The National
Statistics Office reports the total Gozitan caltbed to count some 5,800 animals (distributed @arlpe

60 farms), while there are about 4,500 pigs. Wpsteanimal and methane output per waste factors as
reported in academic journals were used to estithat¢otal potential energy content of the finadlfu

No reliable figures were available in terms of wasboking oil generated on Gozo within this limited
study. Based on information provided by individwaktaurant owners, a scenario was chosen to
estimate the energy potential of this resource dspiming that about 110,000 litres of waste cooking
oil were available from hotels and restaurants.@sion factors from waste cooking oil to biodiesel
were used as reported in journal articles. Note tthia entire study was an estimate of energy cante
in biofuels potentially produced from local resa@scwhile energy inputs in biofuels production have

not been taken into account.

Figure 6.1 Hay bales left Wrapp up to ferment on a Gozitam. Cattle feed production of this kind would

compete for raw material suitable for the produttad second-generation bioethanol that serves asliga
substitute [1].
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Compared to the annual Gozitan transport energguwaption of 524 million MJ, it was estimated that
the maximum theoretical energy content of biofyelarly produced from local resources would be 161
million MJ for hay (second-generation bioethand}4 million MJ for oil palms (biodiesel), 114

million MJ for jatropha (biodiesel), 58 million Mar livestock waste (methane), and 3.7 million MJ
for waste cooking oil (biodiesel). The other odhifuel plants under consideration would yield

substantially less biodiesel than oil palms andta.

The above figures indicate that current Gozitandpart needs cannot be fully met through biofuels
produced from the local resources considered. Higledds may be possible some time in the future

through third-generation biofuels (produced frogea&!) or generally from aquatic resources.

Figure 6.2: Animal waste tored n a farm on Gozo. It |sam)hs fertlllzer on the fields to minimize the
import of expensive industrial fertilizers. Altetneely, such animal waste can be used to produdbane for
transport or other energy purposes, but fertilizgrorts would inevitably go up. Imported fertilizeare energy-
intensive in terms of their production, and thagreased application on the island would leadrieeain energy

consumption elsewhere [1].
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6.1 Conclusions

While biofuels production and use would contribtdemaking Gozo a more sustainable place, this
biofuels potential estimate also stressed the ditoihs of the concept of an “eco-island” as sudie T
defined physical borders of an island indicate molearly than any national border between
neighbouring countries that populations living ineoarea ultimately burden environments in other
areas in a trade-connected world [2]. Gozitans mnmaich of their food and devote much of their land
to the production of hay and sorghum to feed deaws. The trade-off between using land to produce
food, feed, textile-fibres, building materials oofoels extends to areas far beyond the islandf dsel

so does the impact of overall lifestyles enjoyed ®ozo. Even freshwater is being imported to
somewhat help Gozitan farmers overcome what rem#nasmost obvious limitation in terms of
increasing the agricultural output. Fertilizers ardmal feed are also partly imported, and if faisne
would stop using animal waste as fertilizer (tugnininto methane for energy consumption instead)
such imports would increase. What is more, thesfrart of people, goods and materials to and from

the island consumes a lot of energy, but was erdun this study.
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7. THE POTENTIAL ENERGY SAVINGS FROM INSULATING RES IDENTIAL ROOFS
Fsadni M, Miller G., Mills C. and Rupnik B.

7.1 Introduction

Malta has adopted the goal of reducing.@@issions 5% by 2020, and further by up to 80%050Q2
compared to the 1990 level [1]. It is estimateat #0% of primary energy in Malta (as it is in Eped

is used for heating and cooling of buildings. Tise of air conditioning is increasing steadily iegd

to increased use of electricity with correspondingreases in emissions from power stations. The
largest component of the heat exchange in buildoogsirs through roofs, which can easily be reduced
by insulation, to lower the overall heat exchangefficient or U-value. The Technical Guidance F
requires that roofs have a U-Value of 0.59 \iKr{2].

This project focused on the potential energy anshemic benefits of installing roof insulation on
residential buildings in Gozo in compliance withethew building regulations, while maintaining

thermal comfort in the buildings.

7.2  Weather Conditions and Thermal Loading of Roofs

Weather conditions in Malta are such that someimgand cooling is necessary. For instance solar
radiation reaches 8 kWhfay in summer, resulting in roof surfaces heatipghbove 58C [4], which

is far higher than ambient air. On the other hagwgporative cooling of the roof surface as a
consequence of dew or rain, especially in wintesults in surface temperatures lower than that of
ambient air. This coupled with the large roof aceatribute to high heat exchange, which can be

decreased by reducing the U-value of roofs.

In previous work, analysis of the hourly thermahding of a test roof in Malta showed that the air
temperature inside the building is at the limittbérmal comfort [5]. In Malta people heat and cool
rooms only when they are occupied, so it was tresuraed that this was done for two hours in the
morning, two hours at midday, and seven hours énetvening (referred to gmartial value). Heating
was assumed to take place frorti ecember to 30 April and cooling from 1% June to 3%
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September. The temperature differences were sunumédr these intervals for each day within these
periods. A summation was also done for the full daring the heating and cooling ‘seasorfsll(
alc), representing the upper limit [4]. The results given in the Table 7.1:

Table 7.1.Heating and cooling degree hours (Kh) [4]

partial a/c full a/c
19000 37000

7.3 Roof Structure and Insulation

Buildings can be divided into vernacular and modemmch have different roof structures. The heat
exchange rate between the roof surface and thaeimsi was calculated to be 2.08 and 2.31 Wfor
modern and vernacular roofs respectively [5]. Asisig that 75 % of buildings are modern the

average value for all buildings would be 2.14 \im

Roofs are insulated by means of EPS board or smmefgam. For this study it is assumed that exgstin
buildings can be insulated with EPS board and alitiadal layer of screed to reach the required U-
Value of the Building Regulations, i.e. 0.59 WHKn In calculating the heat exchange between tbé ro

surface and inside air, the value becomes 0.6%//m

7.4 Residential Buildings and Estimation of the Tatl Roof Area

The total number of dwellings in Gozo is 10,719dfich 1,150 are flats, while 511 are maisonettes
[6]. Preliminary estimates show that 2910 resiésn(flats, maisonettes etc.) may have no exposed

roofs, which brings the total number of exposedsdo 7809.

An estimate of the average roof area of one reselevas made by examining aerial pictures from
Google Earthfor a number of towns in Gozo and using the irthuiler to measure-up the plan area of

a number of houses. The majority of roofs rangethfl2 x 6 m, to 24 x 6 m so that an average roof
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size was taken to be 18 x 6 m, or 188nhich are realistic dimensions for a terraced bowith a
frontage of 6m [8].

During an excursion to Gozo the built-up area sumding the Citadel was observed and photographed.
This showed that 40%, 60% and 20% of buildings l@advashroom, shaft and internal yard
respectively, which reduce the roof area for heahange. Effectively an equivalent area of%rmad

to be deducted from the representative roof ardsing it to 103 . The total roof area in Gozo could
then be estimated by multiplying the total numbieroofs and the representative roof area. This doul
result in a total of 804,327418].

In view of the wide variation of individual roofeas, another method was used to calculate total roo
area using aerial images @oogle Earthand the ruler measurement tool of the programe ifftages
of eleven towns were examined and the built-upsameare measured, block by block for the whole
town. The resulting total area was 736,59 From these two estimates an average value o#48@0,

m? was taken for further calculation [8].

7.5 Results and Cost analysis

The cost of installing insulation on all roofs westimated from quotations, from local suppliersjrg
the price of insulation material to be around 1G€Avhile the cost of installing the insulation ireth
roof varied between 16.74 €frand 4.09 €/mfor the foil, screed, and labour.

The electricity consumption depending on level iofcanditioning used were estimated. A medium
tariff of 0.173 Euro/kWh [7], was assumed to cadtelthe total cost of electricity consumed for

heating and cooling.

The cost of insulation, electricity consumed assya discount rate and an electricity escalatioa ra
of 4% and a 20 year life cycle were used in thea emslysis. The benefit-cost (B-C), savings to
investment ratio, and discounted payback time wafteulated. The cost of insulation and installation
for the two price value were calculated to be [8]:
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low rate at 14.09 €/Mm | high rate at 26.74€/m

10,8532,289. € 20,597,370. €

The amount of heating and cooling needed to offsat losses and gains through all roofs is the heat
exchanged, obtained by multiplying the UA valueghwy total heating and cooling degree hours. The
electricity needed by a/c units is given by the theachanged divided by the Coefficient of
Performance (COP assumed to be 3) of the a/c uiite annual electricity use in MWh for heating
and cooling are [8]:

roof not insulated insulated

alc limited full limited full
Total (MWh) 9,269 18,050 2,731 5,320

The total cost in Euro of the electricity needethatrate of 0.173 €/kWh would amount to [8]:

roof not insulated insulated
alc limited full limited full
Year 1 (€) 1,603,549. 3,122,700. 472,625. 920,375.

The life cycle costs, benefit-cost and payback thay be calculated as [8]:

roof not insulated insulated
insulation cost low high low high
alc limited full limited full
Life cycle cost (€) 32,070,992 62,434,013  20,305,791. 30,049,872. PI798. 39,004,874.
B-C(€) 11,765,201. 2,021,120. 33,193,220. 23,449,139.
Payback (years) 10 19 5 10
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The results are presented graphically as showigurés 7.1 to 7.3 below [8]:

Savings from Reduced Energy Use {€] Benefit minus Cost (€)
QU,UUGUUU _ ‘j‘JuuuuLt‘Lt
T : - s 25000000 -
i ﬁ _- yi 20000000 _- _-
2 H BH B B 2 000000 l B
5,000,000 - ; - ; - 5000000 - -
Limiteda/e, high Limited a/e, low  Fulla/c, high  Fulla/e, low " Lim : Full
Scenario Scenario
Figure 7.1: Total savings with insulation [8]. Figure 7.2: Financial feasibility of insulation [8].
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Figure 7.3: The payback periods of the cost of insulating tiadfs [8].

7.6 Discussions and Conclusions

The results show that with limited a/c use and higtallation costs the payback period is apprdgiab
long at 19 years and the B-C value is low. Oncedb&ts of installation are reduced, the payback
period becomes more acceptable at 10 years arigt@healue also improves appreciably.
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With full a/c use an acceptable payback periodltegven with high installation costs and the sgsin
to investment ratio is appreciable. Of course Viutlh a/c use and low installation-costs the shstrte

payback period (5 years), the highest B-C costragidest savings to investment ratio is achieved.

The installation of insulation on the roof alwaysyp back even if a wide range of periods resulnfro
the different scenarios investigated. On the l@fahe whole of Gozo the savings assume national

importance both financially and environmentally.
It is recommended that:

1. a more accurate estimation of roof area shouldabed out using detailed area plans,

2. a closer examination of the costs quoted by diffesuppliers and contractors should
carried with a view of having more ‘standard’ vaue

3. the role of government grants or incentives fortalisig roof insulation should be

examined.
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8. CONCLUSIONS

This paper demonstrated that renewable energyat@na significant role in reducing the Island of
Gozo’s carbon footprint and thus contribute to #idveand cleaner environment and a more sustainable
lifestyle. Meanwhile, energy efficient measureshsas rooftop insulation of dwellings could alsodea

to a better quality of life and a reduced enerdly bi

Renewable energy sources need to be evaluatedidailis including technical, social, and economic
aspects. Some technologies are commercially dkaitaday, others will mature to contribute in the
future, and often different types of technologiemplement, or substitute others. For instance pieisf
made from local resources may not be sufficiennhe®t all the needs for transport fuel on the island
but surplus electricity from photovoltaic and wiedergy systems could be used to charge electrsc car

and hence reduce the need for fossil fuel the p@msector.

Energy efficiency measures must go hand in handtheg with the introduction of renewable energy
systems. Without energy efficiency, energy — eveih comes from a renewable source — could be
wasted. On the other hand, a focus on energy efiligi alone would not be sufficient to make Gozo as
an Eco-Island, because the concept implies thashweld rid ourselves entirely from the limitations

and environmental burden of fossil energy.
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There is no one solution for achieving sustaingbih an island scenario, but this paper indicatbes

much could be accomplished given a certain levegjasernment determination. The next step would
be to produce a roadmap towards a more sustai®de, which would make the island a beacon of
sustainable development in the Mediterranean rethiah has experienced different forms of over-

exploitation and unsustainable depletion of it®ueses throughout history.
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