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Abstract

From the perspectives of the energy and the enwvieor, building stock should be considered a usefsburce in the
struggle against greenhouse gas emissions andtgasrenergy resources.

38 The aim of this work is to provide an example af Hpplication of a methodology to evaluate the gneeeds of the
40 building stock of a city and to determine the polgsstrategies for energy planning.

42 This paper aims to obtain an estimate, on an uswate, of the energy needs and,@&missions of the public
44 residential buildings of Bari. This estimate is iasled by evaluating the critical issues of the tohéritage, the most
46 common architectural typologies and the heatingesys in the territory of the city of Bari in southdtaly, as well as
48 the possible strategies for upgrading energy efficy, through the combined use of energy softwarg geo-

50 referenced systems. Furthermore, several possibdeventions are assumed to improve the energyipeaice of

52 buildings in not only environmental terms but aésmnomic terms through the instrument of cost-bearélysis. The
ultimate goal is to compare the different intervemt strategies to determine which demonstrate greabst

effectiveness and feasibility for future energynpiag.

60 1. Introduction
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It is widely recognised that one of the strateg@sesolve the problems of greenhouse gas emissiodsscarcity of
resources is energy conservation. Currently, pamtigause of the economic crisis, climate changetlaaontinuous
increase of the welfare needs of the populatior, dbnsumption of non-renewable energy sources raeased
substantially, especially in the construction secto

In Europe, energy-saving policies in the civil sedtave been adopted in all of the energy actiangpborn from the
transposition of Directive 2002/91/EC concerning #nergy performance of buildings, and especiatiyjnfDirective
2006/32/EC on energy services. The same Europeattde on Energy Efficiency 2012/27/UE aims torgase the
rate of building renovation (European Union, 201®oreover, since 2007, the European Union has adofie
document “Energy for a changing world”, unilateyaliommitting to reduce its GOemissions by 20% by 2020 to
increase the level of energy efficiency by 20% fordhe use of renewable energy sources in thé eéoergy mix to be
20%. The European Union Action Plan for Energy défincy included, as a priority, the creation of av€nant of
Mayors to actively engage European cities in thth paward energy and environmental sustainabilitycombine
measures at the local and regional levels and ampte effective actions against climate change dggen Union,
2010).

According to the European Union, local authoritiesst take responsibility for the fight against @die change in an
effort to anticipate the sustainability objectithat European Union has set.

In this context, the Sustainable Energy Action RISEAP) is the key document that defines the eneudligies that
municipalities intend to take to achieve the obyest of 20-20-20.

The SEAP is an important instrument in dealing wita local community because it contains the astibat both the
authorities and citizens must undertake. Moreothe, Action Plan would allow the authorities to gysatise and
harmonise the various activities that are implemerdr planned for the future. The regular monitgriri the actions
could check the performance of the plan over tiaieleast from the point of view of energy and ofiiesnmental
performances.

Starting from the analysis of the information caméa in the SEAP, the Municipality is able to id&nthe priority
areas and actions to be implemented to achieveljeetives of reducing CQOemissions and, consequently, to plan a
set of actual measures in terms of the expectedygisavings, scheduling, and assignment of respiitisis, both with
respect to the financial aspects for the pursuibeg-term energy policieShe issues considered in the SEAP concern
the various sectors of the Municipality, so anyufat development at the urban level should take auoount the
provisions of the Plan of Action.

Many studies and international research projed®s (EEMANCO project, 2011) have been performed tlyae the

refurbishment of the existing residential buildistgck of several countries in the EU from the eegcgenvironmental
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and economic points of view. Singh et al. (2013)sider the city of Liege and take into accountediéht parameters

(buildings age, structures, type of heating systeme of fuel used, built-up area, adjacency, iasoh of roofs and

walls and energy consumption); their study concdutfat approximately 69% of the buildings that weoestructed

before 1945 require serious renovation to imprénerbof and external wall insulation level. Theadou et al. (2011)

provided detailed information on the residentiddau building stock, as determined in a field studypical large and

smaller Greek cities. Given the complexity of thee€k building sector, the rather limited interesindnstrated by the
owners of the buildings, and a series of legal ashhinistrative hurdles considering energy renovatieasures, these
researchers concluded that it will not be an eask to implement the urgently needed energy reimvaiolicies.

Sartori et al. (2009) developed a model for stugythe effect of three hypothetical approaches wuceng the

electricity and energy demand in the Norwegianding stock: wide diffusion of thermal carriers, h@gamps and

conservation measures. Adopting conservation measur a large scale does allow for reduction df letectricity and

total energy demand from the present day level$ewthie building stock continues to grow. Astmarssoml. (2013)

investigated how regulatory changes and contrasilations can help solve the landlord/tenant ditearin relation to

sustainable renovation of residential buildingsed3é researchers indicated that when the interédendlords and
tenants are misaligned, one of the greatest barimdering the development of sustainable renomadf residential
buildings in Europe is realised.

Currently, it is known that 40% of the energy usedtaly is essentially used to heat, cool, illuati® and ventilate

buildings. Furthermore, existing buildings are fimm efficient, but are becoming increasingly imott in the fight

against environmental and climate problems bectheserepresent the vast majority of the Italianiding stock in a

country with a very small proportion of buildingear

For this reason, it is essential to assess theggmezeds of the existing buildings. Several mo@ithaye et al., 2004;

Theodoridou et al., 2012) used to assess the enegps can be divided into three categories:

— Bottom-up models: these models start from the safdizie energy consumption of individual buildingssessed in
detail in every aspect, and then the results atendrd to the entire neighbourhood or city to asskes energy
consumption or energy savings in the renovatiothefuildings.

— Top-down models: these models start from data coimog energy consumption on an urban scale, comipari¢h
the climate data and data from censuses or stafigturveys, and then obtain the average consumpiiche
buildings. From a larger scale, top-down modeldeaeha scale of detail suitable to compare diffeemonomic
variables, but they are unable to distinguish thgations in consumption and the distributions miigsions in the

urban space.
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— Hybrid models: these models study the energy neédsandard buildings and adapt them to assessethergy
consumption on the urban scale, using detailedapapresentations of the building stock, so th& possible to
associate with each building its own consumptiod #mnobtain an estimate that is sufficiently actaien a global
level.

This paper uses the last methodology, providingghapplication example and possible energy-sastiragegies.

2. Methods

The aim of this work was to provide an example @gfion of a methodology adopted today for optireakrgy
planning. In fact, increasing numbers of studies lz@ing devoted to understanding the trends ofggnefficiency in
cities and European countries (Bosseboeuf, 200@t@mmprove the study of methods to obtain estmaif the true
energy needs through the classification of buildiagcording to the periods of construction, airefboning systems
and construction characteristics (Corgnati et28l08; Corrado et al., 2012; Ballarini et al., 2014)

In fact, this classification of building types cha used for a first assessment of the energy peaioce of the built
heritage. To determine a descriptive model of thiéding stock, it is necessary to understand tfieigion of the types,
the level of obsolescence of the buildings, thesllewf insulation, and the air-conditioning systecosnmonly used
(Dascalaki et al., 2011). One example of this & Huropean project Typology Approach for Buildingck Energy
Assessment (Loga et al., 2010), which was developethssify building types according to the perascdconstruction,
diffusion of buildings and consequent possible sgugolutions.

The present work aims not to provide both an amalgé the existing buildings and a methodologicablgsis of

possible retrofits through real strategies of epgiignning (Fig. 1).

The first step of the proposed methodology staxsnfa study of the area and the historical evatutd the city,

analysing in particular the periods of constructamd the relationship between urban form and thklibg types.

When the most significant types have been idediifieis possible to derive an actual and accunaégping of the
existing buildings using geo-referenced softwanergby assessing their distribution in urban ar8absequently, the
estimation of the energy requirement is perform@adugh “example buildings” (Ballarini et al., 200%elected for
their spread throughout the territory and the Sigaince of their constructive characteristics aadtimg systems.

The building envelope should keep separate theléntiermal conditions from the outside, ensuringnfootable

conditions for the occupants. The building envelopgst minimise the energy consumption in the boddithereby
minimising the number of hours of thermal discorhfranditions.

The “standard energy rating” was applied to timalgsed buildings through the calculation methogglspecified in
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the European Standard EN ISO 13790 (European Cdearfior Standardisation, 2008) to determine theenergy
needs for heating and through the application ef ihtional standard UNI/TS 11300-2 (Ente Nazion&lkano di
Unificazione, 2008b) to determine the primary eyarge for space heating.

The “standard energy rating” requires the useriput data to refer to a standard use, as derfveh the Italian
standard UNI/TS 11300-1 (Ente Nazionale Italiantdificazione, 2008a).

The energy performance indicat@Ry) expresses the normalisation by the heated floea @) of the primary energy
demand for space heatin@{y):

QH,p

f

ER, = [kvvh/ mza] 1)

The average seasonal efficiency of the heatingesyss expressed by equation (2), and it repregéstsatio of the

building energy need for heatiy, ,q to the seasonal primary energy demand for he&ing

— QH ,nd

&)
QH P

,7H,g

After the energy demand of the individual buildifgsse been calculated, the evaluation is extenalé¢let urban scale,
and then the overall needs of the entire resideltigding stock are rated. In fact, the use of @I&forms allows for
the creation of a database of the characterisgcessary to assess the energy performance ofHauwitage within
broad energy planning. Currently, enabled by thstolical archives of the cities, aero-photogranmineturveys and
cadastral data, we have all the information neddedhe analysis, making it easier to implemenatsigic actions
(Dall'O’ et al., 2012).

The necessary characteristics, called “attributesg, associated with each building. The attribides building's
geometric characteristics, such as area, periraegtnumber of the floors, allow for the externatelope surface area
to volume ratio, i.e., the compactness factor, treddistribution of building types in the urban arey GIS to be
obtained, providing useful mapping to calculateg¢hergy needs at the local or regional level.

Finally, according to the results, strategies foergy savings and an improvement in the energyopeence of
buildings are proposed, both in environmental as@hemic terms. As demonstrated in other studiesnfferup et al.,
2006; Ma et al., 2012), in fact, built heritage d@improved in terms of the energy performancd wfticient and
relatively inexpensive actions.

Therefore, the ultimate goal of the work is to camgpdifferent saving strategies to understand whicategies are
more cost-effective and feasible for future engslgyning.

A cost-benefit analysis was performed using the ANesent Value method (Steiner, 1992). NR¥ is defined by Eq.

3):
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NPV(i,t) = — I + XM, 2

t=l 1+t

3

lj is the total cost of energy saving interventiond &; is the economic value of energy savings due torthe
performance upgrade works in thth year.

R is given by Eq. (4):

Rjy =c,* AEPy; (4)

If the annual variation of energy price and theeiffof inflation is included in discount rateEg. (3) can be written as:

, 1 1+)N-1
NPV;(i,t) = —I; + R; ZLW: -+ R 5)

T r@+oN

The Discounted Payback Period (DPP) is the solufdhe following equation:

NPV;(i,DPP) = 0 (6)

2.1 The case study: the public residential housing of the city of Bari.

The analysed case study concerns the city of Batfié south of Italy. Bari is located in the Medigmean climatic
zone, which belongs to group C in the Koppen cler@assification, with 1185 degree days. Accordimghe Typical
Meteorological Year (TMY) generated by Meteonormegbtest, 2008), the maximum Dry Bulb temperatsrd6.6
°C on July 21 and the minimum is -0.7°C on January'12

In recent years, the city decided to face the mmobbf energy savings by adopting a Sustainabledgygnaction Plan
(SEAP) (Municipality of Bari, 2011a) and implemergithe European project “Smart Cities” (Municipaldf Bari,
2011b).

In fact, sustainability is the key to enhance tbhmpetitiveness of the city, to attract talent, camips and capital in the
urban area and to improve the quality of life &f titizens.

Since 1995, a program has been ongoing to implemificient use of energy in the municipality by additshing an
energy office. In this context, the Study of Mupil Environmental Energy Plan for renewable sou(PesAC) was
designed to encourage the efficient use of endtgy,reduction of energy consumption, and the useeonéwable
energy sources to improve the energy transformaionesses, the conditions of environmental corbitisi of energy
use, and the environmental quality.

Starting from the analysis of the information camea in the BEI (Baseline Emission Inventory), detisg of
photography of the municipal energy situation, inicipality of Bari has identified the strategectors for achieving
European goals for the reduction of £Ognissions (35% less than those of 2002 by 202®agvossible set of practical
measures in terms of the expected energy saviebsdsling, allocation of responsibilities, and fic&l aspects to

pursue long-term energy policies.
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As SEAP stresses, most of the emissions are gedebgtthe buildings (61%), mainly in the servicesl dousehold
sectors, followed by the transport sector. The SW&Dalysis, found in the preliminary SEAP documamdijcates that
the most significant weakness of the city is repnésd by construction stock, built largely in tH@6Q@s and 1970s,
where buildings are characterised by poor thermgbpmance and high heat loss. The building stddBawi currently
has approximately 130,000 houses.

The current composition of the building stock ie thain cause of the poor energy performance: nfasiedouilding
was performed during the post-war reconstructiomdhe period preceding the legislation on theuotidn of energy
consumption in the civil sector. This criticality accentuated by the presence of predominantlynaotous heating
and cooling systems and, therefore, inherentlyitwasr efficiency than those of the systems withtised boilers.
There is, in fact, a high presence of apartmentelde by autonomous gas boilers, usually locatedidmitand
characterised by low conversion efficiency. Therrage efficiency is estimated at approximately 70%

The lack of data on the existing buildings in thiblpc and private sectors of the city of Bari ahd tack of executive
and processed analytical descriptions, both ingesfithe building envelope and acclimatisationesyst and the related
energy consumption, does not allow very reliablareges at city level to be made at present. Anslgsrformed on
the territory makes it clear that a significanttpgafrthe building stock is public housing. The gabiiousing was built,
in particular, by the Independent Institute of @b&lousing (IACP, Istituto Autonomo Case Popola€,, Independent
Institute for Public Housing) and the municipaldf/Bari (ERP, Edilizia Residenziale Pubblica, iResidential Public
Housing). To obtain an energy mapping of a pathefbuilding stock of the city, by considering thgsiblic housing
buildings, we can estimate, although in statistiesins, the C@emissions of the buildings in accordance with the
objectives of the SEAP.

To study the thermal losses and energy performarmmoximately 1,800 IACP buildings scattered tigtwout the
city were analysed. The structural characteristigmlogy and heating systems, which are the cometdements in the
public residential building stock, were identifigmprovide support to the study of the residentiahicipal sector.
Different periods of time, marked by the introdoatiof laws or innovative materials, have been ifiedt to find
common typological characteristics in the studiaddings, which, as noted by historical documeetating to the city
of Bari and the evolution of residential public ldings (Fig. 2), were built, for the most part, ween the 1950s and
the 1970s (Martinelli, 2009).

Public housing has changed the urban fabric andé&ers a real field of experimentation for decades.

If the first interventions were incorporated withtlme consolidated city, then the large residenttidilic districts were
built on the edge of the existing urban fabric avete generally characterised by a greater presehopen spaces,

setting new size ratios and different modes of egaion of the elements.
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As in the rest of Italy, the public housing of Bhas been developed throughout the Twentieth cgrthue century that
saw the development of the cities founded to p@¥idusing and services for the most vulnerableabgeoups.

In the first thirty years of the twentieth centutlye city began programmatically to address theeiss public housing,
first, through solidarity operations and, since @9rough the creation of the IACP, which remdims leader in the
construction and management of public housing. |IAgan its activities with the participation in dhfarojects,
consisting mainly of compact building blocks loachtd the edge of urban areas.

In the Fifties, public housing radically changed tbhoncept of public city and opened an importantiope of
experimentation, not only at building level butcaét urban level.

There was the transition from the form of fragmeiisildings, or small interventions within the colidated urban
fabric to the realisation of entire neighbourhoadglaces to experiment with new ideas in diffecéids.

The aim was not to create complex buildings, moréess articulated, but to create self-sufficieggidential districts
with services that are often cut off from any urlsantext. These interventions are placed at the efithe built city.
With the Law 167/1962 (Italian Government, 1962hjct provided provisions to facilitate the acqudsitof building
areas for affordable social housing, the Area Plahghe First Generation were drafted: these plprevided
interventions of large size in three areas: tha afeSt. Paul, the area of Japigia in the East, tiheacoast, and the area
of Poggiofranco in the South.

These three large districts defined many largeigustof the modern city of Bari, and through a sgraypological-
settlement experimentation, offered new model$efcity.

In the Seventies and Eighties, with the suspensfopublic funding for social housing, IACP underwen sudden
slowdown. In those years, the Cooperatives becameyteat protagonists: their important role in tastruction of
public housing was further confirmed starting frtm Eighties by the construction of the low-cosd gopular plan of
second generation. For their implementation, IA@Rvate entrepreneurs and cooperatives realisentviemtions of
smaller size in the neighbourhoods to counterachtgative effects of segregation of the weakdpezof society.
The last interventions in public housing do notefact with the nearby districts, but offer innovatisettlement
solutions, even if they often remain totally iselht

Since the end of the century, the focus has shffied the creation of new housing to the refurbishinof existing
public housing.

This historical evolution and regulation has cdnited to the gradual change of these buildings fifeerpoint of view
of construction and technology.

Until the 1960s, the buildings were mostly madéoafd-bearing walls, while the floors were a comboraof concrete

and bricks and were often subjected to restoration.
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In contrast, buildings built from 1961 to 1975 hadeinforced concrete framed structure with brigtemal walls and
the floors were a mixed structure of reinforcedarete or pre-stressed concrete and brick.

The introduction of laws and regulations for enesgyings in 1976 (Italian Government, 1976) lecatohange in
construction technology, as it was envisaged tlesigthers would be obliged to use insulating mdtetia reduce
energy consumption. Buildings from this date uapbroximately 1990, therefore, have a reinforcencoete framed
structure with external walls with hollow brick loks, air cavities and thermal insulating materials.

Buildings from 1991 until 2004 are characterisedthy recent regulations on the energy performardeuibdings
(Italian Government, 1991).

From 2005, more demanding requirements on the grneggormance of buildings (Italian Government, 2Dave
produced higher levels of insulation and highenpéfficiencies.

According to the periods of construction of thelthmgs, the most common types of heating systentHferlACP and

ERP housing of Bari were considered, derived fromcanbination of the types of heating subsystems

(emissions/distribution, storage, production). &#ssighlighted that the majority of boilers haveménstalled since the
end of the 1980s, which has allowed us to congffmiency values higher than 80% (De Santoli et2010).

The data analysis indicated that, while originatlyring the construction of public housing, thetritisition subsystem
was centralised, between the 1970s and 1980s, slgetEms were converted entirely into autonomobsysiems, with

one subsystem for each apartment.

In the social housing of Bari, the type of emisssusystem consists of radiators. UNI/TS 11300+2&€Htaliano di

Unificazione, 2008b) defines the conventional emoissfficiency of different types of radiators ustm calculate

energy demand.

3. Results

3.1 The ener gy performance of five example buildings before and after the refurbishment.

To estimate and assess the potential for energyngsin municipal public housing, five example bliiigs were
considered, with each belonging to a differentcteld period of construction. Their levels of enecgypsumption and
environmental impacts were analysed. The studiéldibgs were chosen according to their characiesstypical of
the building stock of each identified historicalripe, as truly representative of a larger caseesetdo quantify the
impact of the entire public housing stock on thg of Bari. This classification is derived by ditdnspections of the
territory of Bari and the study of archival docurten

Table 1 summarises the most widespread typicatlimgjifeatures in the local area according to variages.
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The levels of energy performance of the five examplildings were evaluated according to standamis$, a
subsequently, the specific need for winter heatiag determined for each building and each periodooftruction
(Fig. 3 and Table 2).
The analysis of the five representative buildinggealed that the older ones are the least effitienause they do not
have any form of insulation: in fact, the constioes built before the 1960s have energy needs equad©3.90
kWh/nfa. Over the years, the performance improves as a quesee of the evolution of regulations on energy
efficiency. However, the levels obtained by the eewuildings are also not sufficient to achievas$attory energy
performance. The building designed in 2008 reaehesnergy need of 64 kWhira.
In addition, the levels of emissions have reducethfapproximately 38.73 kgGfna for the oldest building to 12.81
kgCO,/m?a for the latest building; however, the reductismét adequate from the environmental point of view
The analysis of the actual state of the buildirgggist a starting point to suggest interventiora #im to reduce the
primary energy demand and the £€nissions. In this regard, the actions undertahesived the building envelope or
the heating system along with the installation @iis thermal systems for the supply of hot wateiis Ipossible to
improve the thermal performance of the envelopé¢hef studied buildings by providing a series of utaléngs to
increase the level of insulation of the variousictures.
In particular, for all of the buildings, two maiproaches for improvement have been proposed:itteafppproach
consists of a usual refurbishment, which includesdolutions necessary to obtain an overall imprmré in terms of
energy performance, providing common and easy tgpéstervention, which focus on the building erom and the
replacement of heat generators; the second, howmsauires deep refurbishment, which makes extengse of the
introduction of solar thermal technologies and reggumore invasive and more expensive actions.
Depending on the buildings, for any interventiontba building envelope, the provided thicknessethefinsulation
were varied to adapt to the needs of each casde(BrbRegarding the insulation material, stone lwegs preferred to
other materials, according to literature studiespgRlopoulos, 2005; Papadopoulos et al. 2007). dtiena planned for
the building envelope were:

- insulation of the roof slab with stone wool;

- insulation of the floor above a non-heated roonhwstbne wool;

- construction of the insulation of external wallgiwbuter stone wool insulation;

— insulation of the cavity with perlite;

— inner stone wool insulation, in cases of deep Efinment;

- replacement of windows with double-glazing (DG)taple-glazing (TG) windows and rolling shuttersthwi

casing.
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The heating system improvements instead focused on:

— replacement of the traditional boiler with condegsboilers;

installation of thermostatic valves;

installation of solar thermal systems for the pmin of sanitary hot water (50% or 90% of Domestiat
Water demand, DHW, depending on the needs).
For each building type, the energy performance ewdsulated, and then the results were comparedthéttdata of the

existing building (Table 4).

The result of the comparison was very interestimg @onfirmed the initial hypothesis: the enhan@plytions adopted
for the older buildings are, in fact, the most efifee in terms of energy savings. For the neweldngs, the reduction
in primary energy demand is less obvious and thebishment becomes less effective, in both theauand the deep
types. In fact, for the oldest building, there iduction inEPy of 74% for the usual refurbishment and almost 9a#6
the deep refurbishment; however, for the more rebeiidings, only a reduction i&Py of approximately 23% and
approximately 60% were found for the usual and defyrbishments, respectively. A special case éstthilding built
between 1961 and 1975: due to its structural amdirige system characteristics, the refurbishmermrugntions were
not observed to be as effective as in other casgsesult in the achievement of still lower enepgyformances, either
in the usual refurbishment or in the deep refunbisht.

To assess the feasibility of the solutions adoptatdlyidually and in their totality, for each intemtion suggested for
the usual refurbishment, a detailed analysis ofitlvestment costs and savings, in terms of the amofifuel and
money, was performed through a cost—benefit aralysi

Table 5 presents the analysed actions and economéx obtained for buildings constructed before W9%he
estimated lifetime was 30 years for the intervamdion the building envelope and 20 years for hgasiystem
improvements. The annual variation of energy peice the effect of inflation are included in a camstdiscount rate of

4% (Fraunhofer, 2009). The interventions with pesiNPV are highlighted in the table.

These indicators were derived for each case studientify the most convenient action.

Table 6 lists only those solutions that are affoiddrom the investment point of view, i.e., thakat provide a positive
NPV and a shorter Discounted Payback Period. For ingdconstructed before 1975, if only those sohgi@re
implemented, the buildings still exhibit a poor eneperformance, although a considerable savingbtigined in terms
of the primary energy demand. In contrast, thediujs built between 1976 and 1990 show some impneve in
energy performance, while for the newer buildings, measure was found to be cost-effective, althotigh

implemented measures enable a considerable sawingsmary energy demand. This lack of effectivenescurs
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because these newer buildings already have amdetal of insulation and heating system perforneariberefore,
even more expensive interventions are requiredmorave the energy performance further and achieeesame
reduction in primary energy demand obtained indhase of older buildings. Therefore, from the ecoicopoint of
view, it is always beneficial to refurbish the wotsuildings, i.e., those dating to before the 1980@sachieve a

significant improvement and the possibility of reedng the money invested.

3.2 The energy demand and economic analysis at the urban level.

The public building stock of Bari is varied and engive: for this reason, the data collected andegmted above have
been reprocessed to obtain an estimate of the Igboteagy demand of the public housing sector. Thizta were
interpolated with the data of National Institute Sthtistics (ISTAT, 2001), on a regional and naiobasis, derived
from the 14th General Census of Population and Hgushrough the use of tools of urban and enelggmpng, such
as the ArcGIS software.

The five example buildings were the starting pdartthe development of an overall analysis of thélg residential
energy demands, on a statistical level. ThroughGAS¢ it was possible to undertake a mapping of kbidings
according to the number of floors above groundtardkrive the total area for each one.

As the graph in Figure 4 shows, in the municipatityBari, there is a high prevalence of four- aefistory buildings,
but there is a lack of those with less than tworfo In recent years, in fact, the tendency to twoosbuildings with a
greater number of floors has spread, in agreemithtthe need to save as much soil as possible.

Through ArcGIS, it was possible to calculate theupied area, the perimeter, and the volume of thielihgs namely
the geometrical characteristics essential for tileutation of the compactness factor, on whichlimit value of EPy
depends (Behsh, 2002).

Based on the above-described calculations, theapyiranergy demand for the heating of the entirdipubsidential

building stock of Bari was estimated, as reportedable 7.

The calculations indicate that the specific averagergy need for a heating season for the buildengslysed,
regardless of the period of construction, is 148&Wh/nfa, which is a notably high result by today’s staddaThe
public housing in the city of Bari is not in an opal condition. The case of Bari stands out asidyfapessimistic

picture of the current reality, as characterise@byverall energy demand of 61.15 GWh/a (Fig. 5).

The amount of C® emissions versus the construction period is regdoih Figure 6, and its total amount is

approximately 11,788 tC{a.
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Starting from the analysis of energy performance e costs of the hypothesised action for the lusdarbishment,

we established a ranking of economic/energy comvem, in the civilian sector, of the possible imégtions on an
urban scale to allow us to optimise the performasi@ny investment for energy savings.

The interventions were compared by considering hmgh saving 1 MWh would cost in terms of investmédiiie cost

of saving 1 MWh, which depends on the interventiand the periods of construction, was derived biddig the total

amount of each intervention in € (to be investadaib ERP-IACP buildings and for each constructferiod) by the

total savings in MWh (Fig. 7).

The highest peaks are those of the less cost-iedterventions. In general, savings were detsetiito cost more in

terms of economic investment for buildings congedcafter 2004 because such interventions andaiticplar, the

isolation in coverage are the least effective far teduction in the EP This result is consistent with the data obtained

for the five example buildings.

The least advantageous intervention through thewsuperiods of construction is definitely the eg@ment of fixtures,
while the least expensive intervention is the ilfstian of thermostatic valves, although the reducin primary energy
demand in percentage terms due to the latter isluer.

Subsequently, the interventions were consideredutatively, grouping those for the building enveloged those for
the heating systems and subsequently consideritlg imotheir entirety. Note that the cumulative effeof the

interventions is less effective than the sum ofittdtvidual actions because, when they are realgetie same time,
part of the reduction in terms of the demand iseddd other interventions.

Figure 8 shows how the heating plant changes ateitly less expensive than the actions on thedingl envelope.
Generally, it is preferable to implement a compredive refurbishment, as the cost of the saved grisrlgss for the
action taken at the same time on the building epeland on the heating plant, rather than onlyhenhuilding

envelope.

However, if all interventions were implemented,fsing only on environmental considerations anc&ims of energy
saving, the results would be obvious: a greaten #6826 reduction in the energy needs of public hapusiould be
achieved (Fig. 9).

CO, emissions could be reduced by 63.43%: from 11,&88./a in the current state to 4,310 tg® after the

refurbishment (Fig. 10).

4. Discussion
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The goal of this research was to propose a meaeserfyy efficiency improvement for the existinglBurgs based on
an analysis of the built heritage and a methodoldgpproach to refurbishment. In particular, tkisteng buildings are
one of the most important sectors to reduce gragehgas emission for the next years.

As expected, this study demonstrated that the a@saimgthe energy performances of buildings depenthe period of
construction.

Moreover, the study demonstrated that it is posdiblimprove the performances of the buildings élv and simple
interventions; these interventions were found tortmee efficient and economically convenient for theer buildings.
This greater improvement is particularly true foe touildings built before 1970 because they weiilt ithout any
energy standards.

The strength of the applied methodology clearlyhis possibility to obtain reliable estimates of rggyedemand of
buildings at the urban scale through the censtiseomost common building typologies and their cartdion and plant
characteristics.

The study focused only on the public social housihBari, but the analysis can be simply extendeth¢ entire town.
The knowledge of the historical evolution of thevtois important to place the buildings in a specifistorical period
and to understand the building envelope propertidgch is made possible by the homogeneity of thit lurban
fabric.

This method allows us to solve the issue of th& lefcdetailed data on the existing buildings beeans archive or
informative office exists that has the specificadaglated to the residential buildings in Bari.

This lack of data requires the use of simplificaioregarding the descriptions of the buildings, cluhhave been
grouped into macro-categories with common charesties.

Moreover, the absence of computerised data on’usshaviour and energy bills does not permit themparison with
the real energy demand, as was demonstrated inasstedies.

Nevertheless, it is important to have truthful aedlistic estimates to implement efficient stragsgdf refurbishment.
Another critical problem is that the proposed mdtiogy requires constant updating and monitoringthef real
conditions, as the energy performance of the Ingtitage is constantly evolving, due to the potici# retrofits that
cities are adopting. Therefore, it is essentialriderstand how the needs change over the yeats adpt the adopted
strategies to the new requirements. For exampkgareh programs have been launched by the Unitadddm
(Hamilton et al., 2013) to measure and track trerggyndemand and the energy efficiency retrofitsiltes

Finally, the method is also a useful tool to evaduhe advantages, in both environmental and eciantarms, of the

different actions. As it can be observed from tbsuits, global building refurbishment is alwaysferable to partial
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envelope requalification, while the actions on tieating system are the most convenient, but nohaysvwhe most
effective, as in the case of the replacement ohtbstatic valves.

This study has taken into account only the typreaiofit actions in the city of Bari. However, bgiteration of the
methodology, it is possible to assess other forinmtervention or the use of different technologasd materials,

which may be better and less expensive.

5. Conclusions and Policy Implications

The substantial difference in profitability betwethie best and worst investments highlights the mapae of the
careful planning of energy efficiency upgrading dptimise economic investments and to assess threngit for
energy-saving retrofits better.

Urban Energy Maps are useful for improving urbaergy planning, to quantify, for example, the redaships between
energy needs and demographic variables, as wall gzimise the design of district heating andfaoling plants.
Energy maps may also support the management ofotilding stock in terms of the possibility to verithe
characteristics of buildingsegarding the various energy performances (geotnpéculiarities, envelope behaviours,
efficiency of heating systems); the capability ey the geo-referenced system, facilitating thalyamis of critical
issues and the design improvement plans; the pligsitor the authorities to identify and evaluagmergy-saving
strategies, while simultaneously informing thezeitis about the energy performances of their dvgall{Ascione et al.,
2013).

To apply these retrofit measures, a geo-referenvedel facilitates the identification of buildingstl higher energy
needs. Consequently, energy maps can provide uséfuimation for optimising the process of decisimaking. By
way of illustration, Figures 11 and 12 show mapsraérgy demands with reference to a unitary floeaaThese maps
focus on two different district areas, charactetribg a high quantity of public housing, and hightidnow the energy
demand change at local level. Moreover, the mapsbeaoverlapped to a historical one, enabling Visation of the
possible substantial improvement of all the buidiypes, according to the above results.

Finally, the analysis can be performed for therentity because these maps are useful for undelisgamnhe energy
quality of existing buildings and evaluating theuks of refurbishment at urban scale.

To meet the costs of refurbishment, the city ared IIRCP could derive funding from the European Unibawever,
another possible solution could be that the tenaetgs are increased by as much as the familyssamethe costs of
fuel for a payback period corresponding to thathef various interventions. In this way, tenants ldquay the same
amount paid currently for the rent and fuel foreavfyears and, thus, the city would recover the mapent. Once

costs have been amortised, the savings would Bifeebefit the families via lower costs for rentdduel.
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Therefore, this benefit must be an incentive fa thunicipal Authorities to undertake refurbishmpntgrams and
intervention strategies, from the point of viewagbractical understanding of sustainability.

In conclusion, urban districts and communities @ayimportant role in the implementation of enepgyicies for the

rational use of energy and to address environmentdlems.

The evaluation of the existing building stock frohe energy point of view is notably difficult besguof the lack of

reliable data; because the immense vastness obuiding stock does not permit a detailed analyig, use of

appropriate approximations at the urban level guired.

The methodology presented here demonstrates tisgpassible to implement a simplified and applleapproach that
supports local administrators, energy planners @hdr stakeholders to determine the most effeaivergy policies

and strategies at the district and city levels.Idwahg the methodology described in this paperisitpossible, to

evaluate and represent the effects of the implestient of new standards of building energy perforoesndefined by
laws regarding energy efficiency (Caputo et al130

The analysis of building and heating system typethé area has revealed how, in the context ofiphlgiusing, it is

possible to identify the typological features lidkeo each period of construction. These typologfealtures are
important for the mapping of existing building dtotom the energy point of view, an operation tredtpresent, is
otherwise almost unachievable.

To reduce energy consumption in the building sedtw interventions cannot be limited only to tlemstruction of

zero energy buildings. Improvement of the existingdings, which are a resource from the energy emdronmental

points of view, is essential.

The only way to achieve significant results, bothtérms of energy and the economy, is to evaldsdritervention

strategy to be followed conscientiously. Thereftrmwledge of the involved orders of magnitude andawareness of
the reliability of the forecasts are essentiathiis sense, the methodology produces reliable adignIn addition, cost—
benefit analysis is an extremely effective tootletermining the direction in which to start a réfshment programme.

Not all interventions that lead to substantial gyesavings are convenient from the economic pdiniew: therefore,

the local authorities must carefully evaluate therfiy strategies to be adopted, aiming for timahd effective actions
that achieve the appropriate balance between tieoemental and economic perspectives.

The present work presented only one of the possilgthods to achieve the objectives set by the EamoDirectives

and to implement the idea of "smart city", i.eg #bility of cities to adapt to new requirementgwery field, focusing

on their characteristics, to achieve a future $nakde development.

The methodology represents a supporting tool fakedtolders involved in defining a proper approazhenergy

efficiency at the city and district levels.
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Of course, to implement the proposed methodololgy, dooperation of all the local authorities andkeltmlders is
essential, as is the involvement of all citizensfaict, only through a valid and continuous collation can one aim for
a real energy mapping of the entire housing stbek is no longer based on statistical methods. $ueingy mapping

represents the fundamental starting point when emphting any development policy that provides emvitental

protection.

Future research can extend the results of thissiigation to the other residential buildings amdhe summer period
(evaluating the cooling demand and the contribgtiohelectricity bills to the energy needs of tlitg)c The results of
such future studies will enable understanding ef dlrategies of refurbishment from the point ofwief urban and

regional scale. Therefore, this research couldigeomore details to the public Authorities on tlotual situation and

on future energy planning.

Nomenclature

Symbol Quantity Unit

A Heated floor are m?

CO, CO, emissions kg/mfa

G Specific cost of gas at theh year €/kwh
DPP Discounted payback peri yeal

EP4 Energy performance index in the heating se kWh/ na
AEPy, ;r:ggggfgsg{;r}mzr;ﬁe index differential of tth action between before and KWh/ nfa
l; Initial investment of thg-th action of refurbishment €

i Discount rate %

QH.nd Building energy need for heati kWh

Qup Primary energy demand for heating kWh

Rit Economic benefit at thieth year for thg-th action of refurbishment €

t Time yeal

U Thermal transmittance W/ m?K
Uq Thermal transmittance of window glass Wik
U, Thermal transmittance of windc W/ mPK
N Life cycle of the investme yeal

NPV Net present value €

Mg Heating system seasonal efficiency %
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Table(s) with captions

Common features

Period of - - Boiler
construction Type of public housing Opaque external Roof I_nter- Window Efficiency
wall mediate floor *)
M R SR
}'%V,‘ 9%?\1 -
Before Limestone Reinforced Reinforced Single-glazed window, Standa'rd
1961 concrete hollow- . - gas boiler
plastered masonry tile floor with air concrete hollow. wood or galvanized installed
(< 60cm) gap tile floor steel frame outdoors
- 2 - 2 _ 2 Uy = 5.90 (W/m?K) _
U=240(WmK) U=127Wm’K) U =133((W/mK) U, = 5.86 (W/m’K) 7 =85%
1961 .
- Cavity wall, Reinforced Reinforced Single-glazed window, Standa_rd
1975 - . . concrete hollow- ) - gas boiler
without insulation tile floor. low concrete hollow: wood or galvanized installed
(30 cm) insulation tile floor steel frame outdoors
_ 2 _ 2 _ 2 Uw =5.10 (W/mzK) — aro,
U=138 (W/m°K) U=0.91WmK) U =133((W/mK) U, = 4.64 (W/mPK) 17 =85%
1976 Cavity wall, low Reinforced Reinforced Standard
- insulation ! concrete hollow- concrete hollow- Double glazing with gas boiler
1990 (30 cm) tile floor, low tile floor, low air gap installed
insulation insulation outdoors
_ 2 _ 2 _ 2 Uy = 3.90 (W/mZK) — 990,
U=0.89 (Wm’K) U=0.89(W/m°K) U=1.07(W/mK) U, = 3.27 (W/n’K) n=92%
o SR AR CHHRC R E
|
1991 Cavity wall, Reinforced Reinforced Double glazing with Standard
20_0 4 average concrete hollow- concrete hollow- air gap, gas boiler
insulation, tile floor, average tile floor, average  thermal — break installed
(30 cm) insulation insulation windows outdoors
- 2 - 2 _ P Uy = 3.55 (W/m’K) a0
U=056 (W/m?K) U=0.86(W/m’K) U =1.29 (W/m’K) Ur = 3.26 (W/m?K) = 92%
% =
. . Reinforced Reinforced Double glazing with Standard
After 2004 ﬁg\éllzi\g’:"‘ high concrete hollow- concrete hollow- air gap, gas boiler
(> 30 cm) tile floor, high tile floor, high thermal — break installed
insulation insulation windows outdoors
- 2,
U=040 (WMK) U =036 (WMK) U=080 (W) Iw=310WMK) g9

U, = 3.26 (W/m’K)

(*) Net calorific Value

Table 1. Widespread typical building features according to different ages.



Period of

EPy4 g CO, Emissions
construction (kWh/m?a) (%) (kgCO,/m?a)
Before 1961 193.90 60.7 38.73
1961-1975 155.60 60.4 27.44
1976-1990 97.23 64.0 19.29
1991-2004 96.35 65.4 19.63
After 2004 64.04 74.5 12.81

Table 2. Energy performances of the example buildings.



Period of

construction Building envelope improvements Heating system improvements
s O o TS o s
of stor_1e stone ness of insula- Ness of Windows Windows Condensing Thermo- DHW
wool in . external . internal . static
wool in . . tion of . . DG TG boiler demand
the roof insulation . insulation valves
(cm) the floor (cm) cavity (cm) from solar
(cm) (cm) collectors
Usual refurbishment
Before 1961 10 8 12 X X X
1961-1975 8 8 12 X X X
1976-1990 8 8 5 X X X
1991-2004 6 6 X X X
After 2004 4 6 X X
Deep refurbishment

Before 1961 10 8 12 8 X X X 50%
1961-1975 10 10 12 X X X 50%
1976-1990 10 8 5 X X X 90%
1991-2004 6 6 4 X X X 90%
After 2004 4 6 X X X 50%

Table 3. Action planned for the refurbishment of the example buildings.



Existing Usual Deep

Building Refurbishment  Refurbishment
b 2
& EPy (KWh/m?a) 193.9 51.06 17.77
@
o
K AEP,; (%) / -74 -91
i EPy (KWh/m?a) 155.6 53.66 34.6
i
S AEPy (%) / -66 -78
S EPy (KWh/m?a) 97.23 45.8 22.42
S
& AEP,, (%) / 53 73
S EPy, (KWh/m?a) 96.35 45.68 26.59
]
S AEP,, (%) / 53 72
S EPy, (KWh/m?a) 64.04 49.51 25.06
(9\)
&
% AEP, (%) / -23 -60

Table 4. Comparison of energy performance of example buildings, before and after the refurbishment.



Actions AEPy Rit 1 NPV DPP

(%) (€ (€ © (year)
Insulation of the roof slab -6.7 710 10,283 5,628 17
Insulation of the floor above 6.4 678 16,624 1.436 34
non-heated room
Insulation of external walls -23.34 2,473 60,175 - 4,797 34
Replacing windows -27.73 2,938 80,130 -14,326 40
Total of . 59.52 6,306 167,212  -25,981 38
Building envelope Actions
Replacement of traditional
boilers with condensing -23.07 2,444 32,363 7,603 15
boilers
Thermostatic valves -3.34 354 3,803 1,990 12
Uil ol st in) 1 i 2567 2720 36,166 8,312 15
improvements
Total -69.17 7,329 203,378 -58,096 41

Table 5. Economic indexes for each kind of refurbishment actions, calculated for buildings before 1961.



Period of . . NPV DPP
construction Cost-effective actions © (year) AEPy
Insulation of the roof slab 5,628 17
Before 1061 Replacement of the traditional 4 5o 16 -33%
boiler with condensing boilers
Thermostatic valves 1,990 12
Insulation of the roof slab 507 28
Insulation of the floor above non- 1,055 97
heated room
1961-1975 N -26%
Re_placement of _the tradltlonal 2,897 1
boiler with condensing boilers
Thermostatic valves 195 20
Insulation of the roof slab 1,718 23
Insulation of the floor above non- 0
1976-1990 heated room 1,880 26 -40%
Insulation of the cavity 3,775 26
1991-2004 / / / /
After 2004 / / / /

Table 6. Cost-effective actions on each example building and possible improvement of the energy performance.



Specific primary

Period of Distri_bu_tion of Total area energy demand Global primary

construction Bm(l((;:)ngs (m?) EP4 , enezg)\/lyﬁlgand
(kwh/m*a)

Before 1961 36 152,383 193.90 29.55
1961-1975 43 113,764 155.60 17.70
1976-1990 19 127,127 97.23 12.36
1991-2004 1 123,79 96.35 1.19
After 2004 1 5,405 64.04 0.35
Total 100 411,058 148.76 61.15

Table 7. Summary of the distribution of public residential buildings and their specific and global energy needs in

a heating season.



Figure captions

Figure captions

Fig. 1. Steps of the applied methodology.

Fig. 2. Distribution of ERP and IACP buildings for historical periods in the municipality of Bari
and graphical representation as a percentage.

Fig. 3. Average specific energy demand of the example buildings in Bari, according to the different
ages.

Fig. 4. Distribution of ERP and IACP buildings according to ages and number of floors.

Fig. 5. Total heating energy demand of ERP and IACP residential buildings in Bari, according to
the different ages.

Fig. 6. CO, emissions of the public housing in Bari.
Fig. 7. Cost of 1 MWh saving depending on the interventions and the period of construction.

Fig. 8. Cost of 1 MWh saving depending on the cumulative interventions and the periods of
construction.

Fig. 9. Comparison of specific primary energy demand of the existing buildings and after the usual
refurbishment, according to the period of construction.

Fig. 10. Comparison of total CO, emissions of ERP and IACP buildings before and after the usual
refurbishment, according to the period of construction.

Fig. 11. Urban energy map of Japigia district, Bari: energy demand of buildings in terms of specific
primary energy needs (EPn, KWh/m?a) before and after the refurbishment.

Fig. 12. Urban energy map of San Paolo district, Bari: energy demand of buildings in terms of
specific primary energy needs (EPy, kWh/m?a) before and after the refurbishment.
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Figure 4
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Figure 7
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Figure 8
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Figure 10
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Figure 12




