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- substantial reduction of GHG emissions
- sustainable energy supply Stable and sustainable
- adjustment to volatile energy prices development (EC 2009)

- security of energy supply
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Aim

* to assess the transformation of the conventional energy supply system
of a Greek island to a sustainable system of zero emissions

Objectives

e design of a complete energy system by RES to cover the total energy
demand in the buildings and transport sectors with projection to the
future

 elaboration of the study so as to be able to be used for
implementation of a pilot or demonstration plant in a second stage
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Methodology

Requirements and constraints
«island selected for investigation: los island, Cyclades complex, Greece
e the island system is assumed to include all the energy-related processes in the
island within its sea boundaries
 exploration of two alternative futures in the next 10 years
- “business as usual” approach/” baseline” scenario
- sustainable future (RES + energy efficient techniques and technologies)

Steps

Energy demand in los island in the next 10 years
Investigation of potential renewable energy technologies
Analysis of a RES energy system and sizing

Arrangement of the RES electricity system on the island
Storage techniques
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Energy demand in los in the next 10 years (1/4)

Building sector

e electricity demand 2010: 18,052MWh/y

* peak demand 2010: 7MW
Solarthermal Biomass
Liquid gas 2.8% Blfrzn;ss Sola{;};rmal 1.0%
3.4% e% 0%

Wind
18.0%

Total energy demand 2010: 23,699MWh/y

Total energy demand 2021: 21,663MWh/y

e improvements >25% in global energy efficiency

* 26% increase in energy demand over the 10-year period (Katsikeas and Dimeas 2011)

* space heating/cooling through GSHP/WSHP, COP>4 (IEA 2011)
e DHW through solar thermal collectors (+heat pumps in winter)
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Energy demand in los in the next 10 years (2/4)

Transport sector

* 30% increase of fuel consumption over the 10-year period (NESC 2008)

* specific energy consumptions (Emandi 2011):
» For cars, fuel cons. 121t/100km,
» For lorries, fuel cons. 201t/100km,
» For electrical vehicles/cars 18kWh/100km, storage eff. 95%,
» For electrical vehicles/lorries 40kWh/100km, storage eff. 95%

* fuel litres to kWh (Carbon Trust 2011):
» diesel oil: 10.35kWh/It
» gasoline: 9.35kWh/It
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Energy demand in los in the next 10 years (3/4)

Buildings & Transport
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Energy demand in los in the next 10 years (4/4)

Buildings & Transport
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e Electricity demand in total: 23,310MWh/y

W Electricity for
Transport 2021

W Eloctriciby for
Buildings 2021
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Critical discussion on solar thermal, GSHP, wind and PV systems

Solar thermal collectors Electrically driven GSHP
Advantages Advantages
Simple and less expensive technology Only one system for all needs
High efficiency and reliability Relatively high total efficiency in winter

Long lifetime of the equipment, no O&M expenses
Rather rational use of the energy source

Disadvantages Disadvantages
Supplementary heat for some winter days Operation for heat production all the year
Heat partly exploited in summer More expensive installation, O&M expenses

Low reliability, depending on one system
Additional electricity needs in winter

Unused electricity in summer, possible

Electricity generation
e Better correspondence of solar energy to annual load profile
e Solar and wind rather complementary energy sources

People & Buildings Conference, 23 September 2011, Arup UK, London: Network for Comfort and Energy Use in Buildings 9/16



Analysis of a RES energy system and results (1/2)

e Electrically driven GSHP/WSHP, COP>4 , for space heating/cooling and partially

for DHW in winter)

* Solar collectors for DHW to cover nearly 100% of the DHW energy demand
e avg annual energy yield for los: 550kWh,, /m?/y (Weiss et. al 2007)
* solar collector area: residential sector + 1,807m? (existing area: 695m?)

commercial buildings + 2,387m? (existing area: 425m?)
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Analysis of a RES energy system and results (2/2)

Electricity sector (linear programming (Dantzig and Thapa 2003)) — Basic scenario

e total minimum installed capacity

* 10% storage losses

 monthly data for the electricity demand, solar PV power and wind power generation

Outputs

e total min. installed cap. = 20,442kW (33.4%PVs /66.6%wind)

* 9.9GWh/y by solar PV generation, 38.8GWh/y by wind turbines

e surplus of energy production of about 23GWh/y

* sizing: horizontal flat solar PV area of approx. 82,000m? (42,000m? if sloped)
21 extra wind turbines of nominal capacity of 600kW each

» The exploration has moved further on optimizing the electricity system
based on solar PV and wind turbines. Alternative scenarios have been
investigated and this progression is included in a following paper.
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Arrangement of the RES electricity system on the island

* technical, social, economic, environmental and aesthetic parameters
* 21 medium size wind turbines of advanced technology on the mountainous site
called “Pyrgos”, close to the existing one

Area for application Installed capacity kWp
Dispersed PV systems in the urban environment
Residential buildings 1,440
Commercial buildings 1,200
Municipal and public 300
Subtotal 2,940
Centralized PV plants
Three plants 3,888
Grand total 6,828

* area required for the three solar PV plants 23,500m?

* placed at a distance of about 1m from the ground, serving stock-raising activities
e cobalt blue colour for the PV modules and the supporting structures =
polycrystalline silicon PV modules

e distributed and central storage & advanced control strategies
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Arrangement of the RES electricity system on los island

los island
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Conclusions

e The target of 100% RES in a Mediterranean island is by far realistic
 zero-emission island = local, regional and global benefits

* |os could absolutely be the pioneering island that would act as an exemplar
for sustainable development

* There is room for improvement of the presented figures for electricity of
the basic scenario

e The results as the study progresses on the next paper are even more

remarkable
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Thank you for your attention!

k.chatziva@gmail.com
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