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1 ABSTRACT

Transformation of cities to low carbon cities iglabal policy priority that attracts a wide rangeagtors,
including policymakers, local governments, scigatis well as associated technology companiesh®n t
other hand, the geographic, climatic, and struttwmaations across cities are high not only at ghebal
level but also in sub-continental regions. Besidles,cities also contain highly varied districtglwiespect
to their built environment, land use, microclimatienditions, and geographical and topological fiessstu
where some type of districts may require simildutsons adopted in other cities rather than theridis
own city. Historical districts constitute a parti@mu category from this perspective, where retnoiittand
application of smart energy systems and energgieffi solutions depend on different issues thaaother
districts.

Historical districts have unique problems with mdpto the adoption of smart and energy-efficient
technologies. While positive carbon districts implyergy production at the site, low carbon distrinstead
focus on decreasing energy usage and carbon fotstpfihe selection of the appropriate basic styaa¢ghe
district level relies on sound scientific assesam&he assessment should be able to evaluate whisihe
district is capable of locally producing positiveeegy outputs without significantly altering or theging

the historical characteristics and ongoing or psegbsocio-economic functions. As an example, asssgs
of the application of solar energy panels in histareighbourhoods require building based modelling
approaches for: a) understanding whether solarggnganels may function within a required technical
operation range in built environments; b) if themyy produced locally may be distributed to othgitdings

in the district; c) if historical buildings can sa&f accommodate solar energy panels and associated
infrastructure; d) if energy storage is necessany i buildings possess suitable interior spacesstde
storage of electric energy.

All these categories of assessment require staiseédrdich, transmissible data on various propgmiethe
interior and exterior of existing buildings, of epepaces, and of existing infrastructure. Oftestdnical
neighbourhoods consist of a large number of bujsliand extensions which have been subject to an
unknown number of interventions over time with vwagy quality. It is highly unlikely that any existin
databases could provide the basis for the extractiarelevant information, as in the past the pagsoof
such data collectiond did not involve objectivegareling energy efficiency or positive energy patdat On
the other hand, it would be costly and technicalallenging to collect all such data from the dite
traditional surveys. This problem is exacerbateanasy cities now face sudden policy pressures pbyap
sustainable energy action plans at short notick.these issues force the stakeholders to seektigtec
solutions for collecting data, structuring of datad conducting integrated-holistic retrofit simidat in
historical districts that provide the evidence-lshsgormation for the selection of the suitablehtealogical
approach and strategic choices to transform hestbreities into low carbon cities. In addition, buc
simulations might enable a healthier assessmemia&ing use of carbon credits and other incentindme
with such strategies and interventions.

This paper discusses the general situation of rigsiodistricts and their assessment as positivéoar
energy districts, in the context of EU Neighbourthamuntries. As a first step, the paper evaludtes t
regulatory framework regarding the UNDP Sustaindbévelopment Goals, global climate change, EU
Energy Policy, cultural heritage preservation, afiing in historical districts, and research-pgli
connections. Next, the paper surveys the literadgssciated with the data problems in the simuiatiothe
application of sustainable energy systems and gesva critical evaluation of the general case stohical
districts. Third, the paper explores the situatbata assets in the EU, its neighbourhood an#eliwith
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a particular emphasis on building level data abmwitdings in historic districts. The paper discisse
alternative approaches to effective data collectind joining strategies that would serve for difarlevels
of PV solar energy simulations in historical distsi The paper concludes by providing a researehdson
PV Solar Energy simulations in historical distriét improving relationships between scientificeasch
and policies addressing Climate Change.

Keywords: positive energy district, European Nemiood Countries, retrofitting, simulation, solaeegy

2 APPLICATION OF SUSTAINABLE ENERGY SYSTEMS IN CITIES : POLICY, LEGAL
ISSUES AND IMPORTANT FACTORS IN HISTORIC DISTRICTS

The transformation of cities to low carbon citissa global policy priority today. By the year 20182
billion people lived in cities and this number wike to more than 6.5 billion people by 2050. &itbccupy
only 3% of the Earth’s land but account for 60 @op@rcent of energy consumption and at least 7€epeof
carbon emissionslt is expected that the Earth could be 3-5 C warthien pre-industrial levels by 2100, if
current trends are not changed, making sustairfegrn Earth extremely difficult. 195 countries 2015
signed the Paris Agreement to challenge this threat

2.1 Global and Continental Policy Targets on Climate Chnge

2030 of the United Nations Development Programnielsh Sustainable Development Goal is about
Sustainable Cities and Communities. The programeie targets on reducing the adverse per capita
environmental impact of cities, paying special raiten to air quality and waste management, increptie
number of cities adopting and implementing integplapolicies and plans for resource efficiency and
adaptation to climate change, supporting posita@emic, social and environmental links betweeranrb
peri-urban and rural areas by strengthening ndtiand regional development planning, and building
sustainable and resilient buildings utilising lon@terials. The programme claims that a rapid salef the
current upward trend in greenhouse gas (GHG) eomssand an eventual halving of global GHG emission
by midcentury is necessaty.

The European energy and climate change policy waptad by the European Union in 2008. One of the
five pillars of this policy was increasing renewalginergy usage, by tripling the usage to reach Bp%e
year 2020. The Lisbon Treaty that entered intodon 2009 gave new powers to Europe and to Eldeci

to act in several policy areas such as the areanefgy, climate change and scientific researckes@h
policies shaped the design of the Europe 2020atiigé that was launched in 2010, aiming at smart,
sustainable and inclusive growth in the EU. EU'sa®oap to a Low Carbon Economy in 2050 sets 80-95%
of the reduction of GHG emissions. A cost-effectared gradual transition to such an economic system
requires almost halving current GHG emissions by ylear 2030 compared to 1990. The European
Environment Agency’s (EEA) latest ‘State of the Eomment’ report warns that Europe will not achidtge
2030 goals without urgent action. While targetsemewable energy for the year 2020 were largelirack,

the situation was dire for the year 2030 and bey@daartin et al., 2015). In line with this situatioane of

the three thematic priorities in the Seventh Envinent Action Programme (7th EAP), is to turn theiEtd

a resource-efficient, green and competitive lowsoareconomy. In addition, the Horizon 2020 programnm
now has a specific focus on low carbon cities aositive energy districts, aiming at the developnmemd
diffusion of associated technologies.

With the Treaty of Lisbon, fighting climate changean international level has become a specifieaibje
of EU environmental policy (da Graca Carvalho, 2012

! Sustainable Development Goals of UNDP for 203QtthiGoal - Sustainable Cities and Communities- etarg
Accessed by 30th Jan. 2020. https://www.undp.orgéta/undp/en/home/sustainable-development-goak/gb
sustainable-cities-and-communities.html#targets

2 |PCC Secretariat/World Meteorological Organisaflitmited Nations Environment Programme: Climate Gfean
2007: The Physical Science Basis. Contribution obrdhg Group | to the Fourth Assessment Report b t
Intergovernmental Panel on Climate Change. Caméritdd and New York, NY, USA: Cambridge UniversityeBs;
2007.
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2.2 Building Ties Between Research and Policy to Imprav Impact of Interventions Regarding
Renewable Energy Systems in the EU Neighbourhood Gutries

Within this context, successful diffusion of rendeenergy systems in the EU Neighbourhood Countrie
and Accession Countries like Turkey becomes an itapbissue not only for these countries but atsdte
EU. These countries have structural and econonabl@ms that slow the transition and increase cofts
GHG emissions reduction, despite their geograplaidaantages in renewable energies, such as s@ggyen
Built areas and particularly historical districtistioe cities in the EU Neighbourhood pose uniquallehges

in the diffusion of renewable energy systems. Thstx and benefits of such transformation are remrcl
which, in turn, drags interventions and applicatidselow the desired rates. That is why improving th
information base for costs and benefits of solargy applications in built areas is important fmproving
the effectiveness of policies targeting the diffusof renewable energy systems in these countries.

Informing policy-making through scientific researithproves the efficiency and effectiveness of petic
Translation of scientific evidence into the langeiaand information type that is useful and releviant
policymakers is difficult due to possible conflisttween different types of evidence, differencesalues
that drive scientific inquiry and policymaking, awuifferent paces of the scientific world and thdigo
world. In addition, science and policy communities often cognitively disconnected, leading tothations

and feedback problems (Bogenschneider and Cor@e®)2 Establishing strong ties between research and
policymaking is a supported practice through theatd 7th EU Framework Programmes and Horizon 2020
to help solve real-world problems (COM, 2011), (&ie et al., 2015).

The development of policies for the successful @gpkent of PV systems in the urban environment,
including financing schemes, utility planning orcammodating grid capacity, critically depends oe th
assessment of the local potential which is detezthiby local realities, meteorological data, refeeen
technologies and economic factors (Wittmann et18197). Solar energy simulations have become drucia
scientific assessment tools for the creation ofuable scientific evidence that could improve the
effectiveness of policies at multiple spatial ssalgiven that they are provided with data and imfation as
discussed above. However, the status of the rejbuigding level data assets for urban areas ileatr in

the EU Neighbourhood countries. In addition, theoant of information and data required for historica
districts is higher, as is discussed below.

From this perspective, the evaluation of Turkeyidding and district level data assets for theisation of
solar energy simulations provides important oppuoties for the identification of important obstasle
against building links between research and pgii@gctice. Although being an Accession country &,
Turkey shares a common history and similar socanemic features with many other European
Neighbourhood countries, as well as similar gedgafeatures, that have played a role in the deratmt

of both historical and contemporary urban settlemerhis makes it an ideal case for such evalustion
this paper, we focus on historical districts ag/these interesting and unigue legal, cultural, ecdo and
technical challenges for solar energy simulationsliilt areas.

2.3 Energy efficiency regulations and heritage protectn

Following the adoption of the Kyoto Protocol in 799he European Union approved regulations to fesse
the energy consumption in existing residential dogs including residential built heritage. Majartians
have been taken by the European Environment Ageyn&nergy Performance Building Directives (EPBD).
Directive 2002/91/EC mentions energy efficiencyinldings both new and existing with major renowas,
and their energy performance calculations. (DIRBGEI 2002/91/EC OF THE EUROPEAN
PARLIAMENT AND OF THE COUNCIL of 16 December 2002 ¢the energy performance of buildings, o.
J.) Directive 2010/31/EU stresses over the isstibsstoric buildings over the minimum energy penfance
requirements. (Directive 2010/31/EU on the energrfggmance of buildings (recast) - 19 May 2010 jldBu
Up, 0. J.) (JuroSeti& Grytli, 2016)

Historic districts require the sustainable and propnplementation of energy retrofitting. The demis
making process has to consider the utilisationroper tools and technologies for a smooth and wfpe
change. Complexity in historic districts in termf energy systems requires a multiscale perspective
approach for retrofit. The EFFESUS project (EneHificiency for EU Historic Districts Sustainabiljty
developed a system for the selection of the mogirogpiate strategies. (JuroSev& Grytli, 2016)
(Egusquiza & lzkara, 2016)
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Local and international legal challenges (DirectR@L0/31/EU on the energy performance of buildings
(recast) - 19 May 2010 | Build Up, o. J.) and theal requirements need to be elaborated by all the
stakeholders for better implementation of sustdma&mergy systems. Innovative approaches propoged b
some European research projéaised to be further improved for current energicigfficy requirements.

Interventions targeting energy efficiency in higtatistricts do not have proper regulations andquals for
data collection and the design process. This siuatreates ambiguity about data requirements Her t
interventions in historic districts. Italian GBC rgn Building Council) implemented a Historic Binlg
Protocol into LEED standards to solve this issulisTprotocol is compatible with LEED standards and
guidelines and it allows innovative designs andafle material selection while also taking into@eott the
preservation of cultural heritage.

The financial concerns challenge the regulationamication of the energy efficiency systems inemsion
countries and EU Neighbourhood countries, unlikmesof the European countries that provided incestiv
both for Public Administrations and private citizén

Turkey started to take measures by delivering tbe mnergy efficiency standard TS 825 (Thermal
Insulation Requirements for Buildings) in 2000 @hd Directive on Building Energy Performance (BEP-
TR) sets lower limitsfor the building envelopeSéhin et al., 2015). The BEP-TR covers existing aed
buildings. Clause 2/c of BEP-TR states that retrofits in historical dids is to be done in harmony with the
official authorities without compromising the hade value of the buildings, reflecting the Energy
Performance of Buildings Directive (EPBD) (Dire@i2010/31/EU on the energy performance of buildings
(recast) - 19 May 2010 | Build Up, o. J.). HoweMBEP-TR does not include any further instructions
regarding the proposed interventions for histodddings. A non-governmental agency in Turkey, Tisink
Green Buildings Council (CEDB) has established the B.E.S.T. (Ecological andasusble design for
buildings) certificate system only for new residehbuildings. However, it might be useful to deyela
special certificate system for new and historiaaldings in historical districts.

Another issue is the choice of appropriate strategat the district level for large-scale and rapid
transformation of cities in line with the 11th SDile taking into account other goals regardingural
heritage preservation. Currently, it is very difflicto assess whether a low carbon policy focusing
decreasing energy usage by multiple interventiortsidtoric districts is more suitable than a pesitnergy
policy which rather focuses on on-site productibmemewable energies via application of systems B/
panels. These two policy options would rely on higharying technological interventions both at blirig
and at the district levels to be effective andogdfit. As a consequence, simulation approachesnaticiods
utilised could be quite different. In both casésyudation approaches have to take into accounhisterical
value and socio-economic functions in these distriSimulation-based assessment of solar energy
technology applications in historical neighbourh®aday use building-based modelling techniquesntpki
into account various factors or standards suclpagational range, storage, and safe accommodaitieoiar
energy panels, the condition of the associatecsihfucture and components of the buildings. In otde
produce district-level information to feed policgdisions, the simulations also have to be ablepoesent
the highly varying features of historical buildinggich could be subject to non-standard interverstio
These issues are likely to be more important imtoes where regulations are weaker and usersrpaefe
hoc interventions to historic buildings.

3 [ENCULT Project, Efficient Energy for EU Culturbleritage. Seven Framework Program (FP7-EeB.ENV.J010
[SECHURBA Project (2008). Sustainable Energy Comities1in Historic Urban Areas. Intelligent Energyrape
IEE-07-695 SECHURBA]- [SURHIB Project (2011). Demginent of Technical and Architectural Guidelines $olar
System Integration in Historical Buildings, supmgaitby CCEM- Retrofit, WP-7. SFOE [2009-2012]-[SOLEU
Project (2007): PV and Solar Collectors in Histali€enters. University of Applied Sciences and ArtsSouthern
Switzerland(SUPSI) by order of DT, Ufficio della tdea e del Paesaggio, Consiglio di Stato del Caifitoimo].

4 As an example, Ministerial decree in Italy prosidaich incentives [Ministerial Decree 16/02/2016gidrnamento
della disciplina per l'incentivazione di intervexli piccole dimensioni per I'incremento dell’effziza energetica e per
la produzione di energia termica da fonti rinnoligbi

® [TS825-Thermal Insulation Requirements in BuildingRecast), TurkishStandard, Turkish Standardstutet May
2008, Available: http://www.mmao.org.tr/resimler/gas ekler/cf3e258fbdf3eb7 ek.pdf (in Turkish),(acssk
20.02.2014).] [Directive on Building Energy Perfante (BEP Directive), Off. Gaz., Issue:27075, Sdpaicer 2008]
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There are various legal restrictions regardingohistdistricts and buildings in Turkey; both exteriand
interior alterations require approval from the piting preservation board according to Law no. 5866
Law no. 2863. Proposed alterations have to be in compliance loital preservation laws for designated
conservation areas and registered historical mgkli where restrictions may arise not only duehi t
attributes of buildings themselves but also duthéir relationship with neighbouring parcels. Sqaetially
collapsed or heavily damaged historic and cultbhegitage structures are allowed to be reconstruatedout

in use by the law, but there still exist uncertasitregarding the appropriateness of applicatiét@plan,
2017). The situation of applications targeting loavbon emissions or positive energy objectivesidaar,
leading to a waste of opportunities arising in swebonstruction works. If conservation policies and
associated laws could be connected by policiesstiaug the Climate Change and renewable energies,
through scientific information based on evidenbe, probability of effective implementation of appriate
technologies would likely increase.

3 DATA REQUIREMENTS FOR BUILDING BASED SOLAR ENERGY S IMULATIONS IN
HISTORIC DISTRICTS

For new and existing buildings both at building ahsltrict levels, the primary aim is to achieveeduced
carbon footprint level and improve comfort condigo The desired alterations in historical distrigtquire
necessary permits from the preservation boards$diBgs in historic districts require specific miecbmatic
conditions, therefore, balance is essential betwheroccupants and the requirements of the buildime
final use of the building's desired energy perfarceaand comfort level (Del et al., 2010). New binitg
and retrofitted buildings require specific approegtior window frames, opaque surfaces, and cladding
efficient thermal or passive solar techniques ttuce energy consumption of the building at the ro@gg

of the design stage. (Lopez & Frontini, 2014)

Directive 2010/31/EU of the European Parliamentrigrofit of the historic buildings require an angl
approach to each building. However, the costs ohsuorks could be extremely high, depending on the
needs to collect primary data and establish relakipps between different data sets which may not be
compatible. A mid-level solution could be to deyetmmmon models feeding on joint databases thdt cou
provide adequate information for the purposes ddirsenergy retrofit applications in such districtis
might also improve building bridges between appaiprpolicy options such as positive energy ditdtrand
cultural heritage preservation, which might helpsohg the potential gaps at strategic levels amdribute

to the sustainable development targets.

3.1 Solar Energy Technology & Alternative Simulation Ogions

Densification of cities increased the significanae solar technology and their proper integratiord an
application to historical buildings (L6pez & Framiti2014). Solar energy technology is basicallegatised
under two options, one as solar thermal technadpgiad the other is solar photovoltaic (PV) paralsa
passive solar heat system to produce electricigrd are examples of building integrated activeesys,
like building integrated solar batteries, soladextors, both solar battery and collectors. Ondtier hand,
there are roof or facade integrated solar systébaglér Kanan, 2012). However, visual concerns tdrso
thermal technology systems within historic disgiatay potentially create problems, so PV systerasaar
better choice. The solar potential of a districh dse addressed at various levels in terms of resour
technical, economic, and market potential (Bddialet2019). Evaluation of the solar potential lieggi data
like the amount of solar radiation, usable sunlightvironmental parameters, efficient surface gezdnical
performance of the system, sustainability criteeahnology cost, and legal issues (Bbdis et 1192

The assessment of solar potential depends on ttledased. Currently used methods are classifidovas
medium, and high-level methods based on the uilismtistical, spatial, and detailed spatial anldrso
irradiation data. The low-level methods use aggexbatatistical data, medium level methods usespliagial
data derived from the geographic information syst@hS) and light detection and ranging (LIDAR)
methods, and the high-level methods use detailatiatlata along with the solar radiation analyBiédis
et al., 2019) (Castellanos et al., 2017)

® Law no. 5366: Yipranan Tarihi ve Kiiltiirel fiamaz Varliklarin Yenilenerek Korunmasi ves#alarak Kullanilmasi
Hakkinda Kanun, Law no. 2863: Kdlttr ve Tabiat Wddrini Koruma Kanunu
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Low-level methods Example: population density apraxy for the building/rooftop area. Assumption:
homogeneity of the data throughout the area. Condienited reliability, ignores loca
interactions of buildings, ignores the design dédfeces of buildings. Suitable: fq
homogenous districts.

>

=

Medium level methods Feature: spatial data allowserogenisation of the aggregated statistical data.
Benefits: Better reliability. Concern: ignores lbdateraction of buildings. Suitable:
for districts with a low building design heterogipe

High-level methods Feature: Highly reliable in stting the performance of PV Solar Energy systems o
buildings. Advanced methods to collect microdatd dre detailed spatial informatig
takes into account local interactions, design diffiees, rooftop slopes. Suitable: for
heterogeneously developed mixed-use districtssiohic districts.

Table 1: Features and uses of different methodsrdirg to their level of complexity.

U

=)

3.2 Critical evaluation of simulation models for integrated solar energy retrofitting in historic districts

Transforming a historic district into a positiveeegy (historic) district requires the effectiveligation of
renewable energy systems locally, such as PV sgktems. The prior simulation of the PV systems may
help local governments to choose whether it isebétt pursue a positive energy district or go falifeerent
strategy like being a low carbon district by emhgyother technological and organisational soligion

Especially historical districts in EU Neighbourhooauntries face challenges in the assessment ehtials
with respect to local application of renewable ggesystems. Historical neighbourhoods in generakisb

of a large number of buildings and extensions whigve been subject to an unknown number of
interventions with varying quality, in countries &re regulations are weak and social change aragstro
Many of these interventions severely alter thecstmal properties of the buildings, but the resiglitthanges

in the structural properties of buildings often eemcompletely unrecorded.

While at first glance, the above mentioned higtelesimulation methods seem to be appropriate tesass
PV solar system utilisation in historical distrmmintexts, in reality, it may be almost impossildesmploy
them due to their expansive reliance on micro-léelding data which is not available. On the othand,
low-level methods lack the ability to capture tietdnogeneity of the districts which eventually e&ses the
risk of successful implementation of PV solar systeEven though this line of thinking leads us taisa
medium level methods, there are other issues thad to be taken into account;

(a) How detailed the available spatial data sets ar

(b) Whether existing spatial data will provide thesired level of representation of the heteroggradithe
historic district,

(c) Whether aggregated statistical data on soco@mic activities makes sense for modelling objesti

Based on the International Energy Agency (IEA) BYftop potential is calculated by the use of ropfaoea
per capita, population density, solar insolatiatalt city population, rooftop PV system efficienand
performance ratio and orientation factor. Some h&f tlata like population density, rooftop PV system
efficiency and population can be obtained as sizdisdata for historic districts. GIS data is dahie for
most districts, but data collected by LIDAR methads not readily available for every district.

Roof structural system, building use category, ipldt ownerships are also important factors for the
selection of the methods in the determination ef ¢blar potential. Some multiple-owner estatesnate
registered despite being located in the historatridt. Any kind of intervention and/or retrofit fdhe
buildings in historic districts requires complianagth rules and regulations of the conservationréea
Multiple ownership in some states and especiallfigtoric districts are important issues to getessary
permits from the owners even if there are no pxesiem rules and regulations.

4 EXISTING DATA STRUCTURES IN THE EU, ITS NEIGHBOURHO OD, AND TURKEY

4.1 Data structures in the EU with respect to solar engy simulation

EU and its southern and southeast Mediterraneaghibeurs' collaboration resulted in the Mediterranea
Solar Plan (MSP) to promote solar energy produatiddorth Africa. Morocco is one of the exampled i
EU Neighbourhood countries within MSP which is expd to provide increased green energy production
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and employment by means of the new green enerdg seheme, that was put in effect with EU 2009/ 28
Directive (Tahri et al., 2015).

Infrastructure for spatial information in Europ&8@PIRE) was initiated in 2007. The INSPIRE Direetiv
aims to create a European Union spatial data inéretsire for the purposes of EU environmental pesicor
activities which may have an impact on the envirentm This European Spatial Data Infrastructure will
enable the sharing of environmental spatial infaimmaamong public sector organisations, facilitateolic
access to spatial information across Europe anstaspolicy-making across boundaries.

4.2 Evaluation of the data structure in Turkey as a repesentative country of the EU neighbourhood.

Parallel to the INSPIRE directive, Turkey as one tbé EU accession country which started the
implementation of a geographical Information systeased on building an inventory registry in several
municipalities (Toybiyik, 2017)(Toybiyik, 2017). ikey's national geographical information systemeldas
(TUCBS) thematic building data includes both thel@ngsExtended2D requirements from INSPIRE and
the local city information system (KBS) in 3D détlassification.

Besides, there have been many municipalities witiakle used geographical information systems to
implement a cultural heritage inventory (Kudde ket 2019; Savran et al., 2017). Inventory projefcis
cultural and historical assets are well-formed ldasas and they may be extended even more to enssmpa
the required data for solar energy utilisation iatdrical districts. Besides, these databases havee
integrated with the TUCBS. Thematic building datallUCBS inventory can be useful for building scale
solar energy estimation, however, the calculatiohsolar capacity at district level may requiretifigr
assessment of local solar obstructions. TherefBtB2BS data may be extended with the help of aerial
mapping of the district with the utilisation of rhets like LIDAR. This information may be integratedo

the TUCBS database. With that the medium-level o@ghwill be attainable. To the best of our knowkedg
LiDAR data for Istanbul is available prior to 20@8ay! & Erdogan, 2015). However, it is not certain if the
data from different LIDAR applications elsewherelurkey are compatible with each other.

For the overall energy performance evaluation,ethergy demand of the historic district also depets
envelope materials. In the reconstruction and figing of historic buildings, a current database the
environmental performance of materials would befulsdn this context, there is a database called
TurCoMDat, about the environmental performance of buildirgterials based on the international norms
and standards produced in Turkey. The databasebmagxtended by the addition of data on materials
specifically designed for retrofit use for the biit districts. Utilisation of both energy demand
determination with the help of building envelopdadand calculated solar potential enables to dednce
appropriate strategy for the energy efficiency eyst

5 CONCLUSION

In this paper, we have briefly discussed the péssilays of utilisation of PV Solar Energy simulaisoin
built-up areas as it is an important issue for rimiog policies regarding the Climate Change and
international role of the EU. We have focused am gpecific case of Turkey as a representative cpwfit
the EU Neighbourhood, and the subject of histoistridts as a special case where diffusion of imtion
faces significant challenges.

Although the paper is the product of ongoing redeait provides some perspectives on the developmen
level of building-level databases and their uttiza for PV Solar Energy simulations in historichgtricts in

the EU Neighborhood context, assuming that Turkeygood representative. To the best of our kndgée

it is likely that up-to-date LIDAR data for wide&e use is not cirrently available in the EU Neiginthnood
countries. Due to their unique features historaiatricts might need advanced LiDAR data and boddi
envelope data available at the district level stodacilitate high-level simulation methods.

High-level simulation methods may help practitiando obtain a fine-tuned balance between energy
efficiency and the historical heritage conservatjorities that would be crucial in the decisiof o
appropriate strategy between low carbon and peséivergy district, However, it could be possiblaise
medium level simulation methods in historical ded# in some cities which have collected LIDAR datée
believe that even medium-level simulation methogpliad to historical districts might improve the

" https://turcomdat.com
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provision of evidence-based information to feedgie$ targeting Climate Change in the EU Neighbotho
countries, which could reduce stress to meet s\t development targets set by various internakjo
national and local actors.

For the case of Turkey, the rise in the numbettudies focusing on building level data inventorsegm to
be increasing, while modelling capabilities seentbé¢odeveloping depending on the limited data alhila
There are also significant efforts to avoid cooatiion pitfalls and waste of resources due to thealét and

geographically duplicated works.

A relevant research agenda might focus on at lbaseé subjects. First, approaches have to be dsaelo
which enable joint use of existing building dateustures in modelling works for PV Solar Energy.isTh
might still provide benefits as the costs and biénheff choosing alternative strategies would bessssd
better than it can be done today. Second, culhgdtage inventory data collection efforts by vasdocal
governments and other public bodies should be doaed and subject to standards so that they tathe i
account the data needs of medium or higher levek&l&r energy simulations, depending on their budge
Third, hybrid approaches that use strengths of Baghand high-level methods have to be developed to
open an alternative path for the production ofrddie evidence for policy making. Alternative apiches
may provide opportunities for faster developmengiofulation capabilities in the overall region, didional

on the capability in the EU Neighborhood to estdbliesearch partnerships aiming at establishitggér
ties between research and policy making to helesaal-world problems associated with Climate @aan
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