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abstract

The application of retrofit actions to existing building stocks can improve the energy performance of the residential sector. In this
context, particularattentionshouldbegiventohistoricalbuildings,which representalargepartoftheltalianbuildingstock. Toimprove
theenergyperformanceofthem,adequate retrofitactionsmustbeapplied. Manystudiesandregulationshavefocusedonidentifyingthe
bestrefurbishmentmeasures. However, theselectionofthesemeasuresisdifficultduetorestrictiveregulations, whicharedictatedby
the Ministry of Cultural Heritage and Activities, high retrofit costs, and variable climate zones. Thus, energy renovations in Italian
buildingsarenotsimple,anditisverydifficulttofind genericsolutionsthatcanbeappliedtobuildingsacrosstheentireterritory.

In this paper, the authors investigated the most common retrofit solutions used in Italy, focusing in particular on the energy
performance of historical building envelopes. First, energy performance analyses were conducted for two typical base casesin four
differentltaliancitiesusing TRNSY Ssoftware,andsome commonretrofitmeasureswereanalysed. Insomecases, theresultsshowed
Primary Energy saving of 44.6% (sample A) and 56.7% (sample B). Furthermore, these were used to identify differentenergy and
economicimpactsassociated withthesamerefurbishmentmeasuresindifferentclimaticcontexts, highlightingthenon-existenceofa
genericsolutionsuitableforallregionsorcountries.

1. Introduction

administrations, offices and housing units [7,8], which have the common
characteristicsofpoor energyperformanceandhighprimaryenergydemand.

The primary energy demand has been continuously rising, and this trend is Moreover, energy retrofit actions have often focused on modern buildings,
likely to continue in the future as affirmed by British Petroleum [1]. However, generally built beforethe Second World War. However, the national building stock
thanks to EU energy policies restricting primary energy consumption, several includes many buildings built before 1919 intended for public or residential use.

goals have been achieved, including an approximately 20% decrease in Accordingtoltalian regulations,thesebuildingsareexcludedfromminimumenergy
greenhouse gas emissions, a 20% increase in renewable energy installations, a requirements after the energy retrofit actions, if such retrofits are even feasible.
20% increase inoverall energy efficiency, and other goals[2-4]. Inthis regard, Particularly, it is difficult to reduce primary energy consumption in residential
many energy measures have been developed and applied in various sectors, buildingsbecausetheseactionsare oftenexpensive,voluntaryandlinkedtoirregular
payingparticularattentiontoexistingbuildings,whichaccountforapproximately decisions.Furthermore, refurbishmentisoftenbasedongenericindicationsof retrofit
40%oftheprimaryenergy demandinEurope[5]. Thereiscurrentlyafocusinltaly actionswithoutconsideringtheeconomicfeasibilityand energyfeasibility, whichare

onimprovingtheenergyperformanceofhistoricalbuildings[6]. dependentontheclimatecontextand theshapefactorofthebuilding.
In the framework of conservation, integrated refurbishment and retrofit This paper aimsto recognize, analyse and dynamically simulate several energy
actions,manyaspectsofenergyperformancemustbeconsideredandresolved. retrofitsolutionsapplicabletohistoricresidential buildingsinltaly.Inparticular,the
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authorsanalysedthemajor

Over 4,000,000 of the 5,367,000 monuments worldwide are located in Italy.
Thesemonumentsofteninvolvecompromise betweenarchitecturalheritage, public


http://dx.doi.org/10.1016/j.enbuild.2016.07.044
https://creativecommons.org/licenses/by-nc-nd/4.0

Nomenclature

Ccool CostofconsumedkWhforcooling[D/year]

CF Cashflows[D]

Cheat Economic cost of consumed kWh for heating
[Dlyear]

Crwnt SpecifickWheconomiccost[D] DCF

Discountedcashflow[D]

Fc Fuelcost[D]

LHV Lowerheatingvalue[kWh]

PE Primaryenergy[KWh]

PV Presentvalue[D]

RES Renewableenergysources[-]

Scool Economicenergysaving(cooling)[D/year]

SHeat Economicenergysaving(heating)[D/year]

Seen Primaryenergysavings(heating) [kWh]

TCHeat,x Genericthermalconsumptionbasedonheatedfloor areaandkWh
cost[D/year]

retrofit actions that affect the building envelope, because in the historic building
context is often difficult to integrate the installation of a heating/cooling system. In
fact, in order to reduce the primary energy demand of a building it is necessary to
investigate the relationship between the envelope and climate, and to evaluate
internalloads.

A good performance of the building envelope permitstominimize the power ofa
heating/cooling system and so to reduce the consumption. By this way, two
representativecasestudieswith twodifferentshapefactors(BasecaseAandBasecase
B) were hypothesized; and for each case, eight different retrofit actions were
proposed. Theenergy performancesofthese casesweresimulatedbyusingTRNSY'S
software[9]infourltaliancities(Palermo, Cagliari,RomaandMilano)representative
of fourdifferentclimate zones(B,C,DandE).Simultaneously, energyandeconomic
evaluations were conducted to determine the feasibility of and prioritize the best
retrofitactions; thisanalysispermitstounderline,asthe choiceofthemostimportant
retrofitactionisnotimmediate.

2. Iltalianhistoricalbuildingstock

Since 1991, Italian standards and regulations have focused on the energy
refurbishment of existing buildings. However, according tothe Legislative Decree
192/2005 [10] and the subsequent modifications [11,12], no energy retrofits were
mandatedforhistorical buildingsduetotheir“historicalprotectedstatus™[13].

The entire Italian  residential  building stock amounts to
11,226,595, with an average area of approximately 96m?. Of these

residentialbuildings,1,200,000areconsidered*historical”.

Key goals were established by EPBD regulations in European countries;
however, the degrees of adoption and implementation of these measures vary by
countryandarebasedonbuildingstocks [2—4,14].

In Italy, focusing on the ages of buildings, the results showed that just 6.0% of
buildings built before 1950 have energy certificates [15]. Although the regulations
have been upgraded by the Italian government, the issue of historical building
refurbishment has not been solved [16,17], while other countries have already
proposed solutions [18-21]. In this context, many international projects [22,23],
guidelines and approaches have been developed and suggested based on nZEB
requirements for existing buildings [24-26]. Inall ofthe previously assessed cases,
inadequateenergy performance, non-feasible RES installation and high costswere
the mostsignificantissuesforbuildingsbuiltbefore1919[27-29].

Italyhasa“unicum”overviewofarchitectural heritage, which spansfromthe
Xtothe XXI century. The TABULA project is classifying residential buildings
[30,31]. By conducting a data analysis, eight “building age classes” can be
identified, each representing a construction period, reflecting changes in the
morphological, constructive and technical system characteristics of the Italian

building stock. Thebuildingageclassesareasfollows: Classl (upto1900), Classl|
(from1901t01920), ClassI11(from 1921t01945),ClassIV (from1946t01960),
ClassVfrom(1961-1975),ClassVI(from1976 t01990),ClassVII(from1991to
2005)andClassVI11(after2005).
Toconductanenergyanalysisofthisbuildingstock, TABULA, Italianclimate
zones and ISTAT data were combined. The result shows that over 2,147,400
residential buildingswerebuiltbefore 1919[32-34].InFig.1,thedistributionof
thesebuildings, fordifferentclimatezones,isreported.
Climatezonesareareasintheltalianterritorythat(theoretically) havethesame
climateandidentical orsimilarclimatic conditions. Indeed, Italian Standardsare
basedonideal heating energy demands(considering 24 hoperation)andheating
systems turningonoroffbasedontheinteractionsofbuildingplantsystems inthe
six climate zones from A (the hottest zone) to F (the coldest zone) and on heating
degree days (HDD) classifications. Foreach zone, the daily use turn-on heating
systemsandtheirperiodsvary fromsixto“unlimited”operatinghours[35,36].By
matching data between the ISTAT and ENEA databases [37], the municipal
distribution per climate zone and thedistribution of historicresidential buildings
have been determined. AsshowninFig. 1, mosthistorical buildings(~70%)are
withinzonesDandE, whilejust0.011%are locatedinzoneA.

2.1.Feasibilityofenergyretrofitactionsinhistoricalbuildings

Typical residential Italian buildings built before 1919 have large thermal
envelopesandweregenerally constructed using local stonesorbrickand mortar,
with important thickness characteristics. Originally, horizontal structures were
oftencomposedof woodendoublewallswithcanesvaultssupportedbystoneand
mortar.Often, thesebuildingshadundergroundspacesandground floorsforgigs
or carriages. The first floor was typically composed of sequential rooms. The
windows had wood frames and were often different sizes depending on the
buildingvalue. The heating system, when present, wasaheater or fireplace, while
modern heating/cooling and domestic hot water production systemshave been
progressivelyintroduced[38,39].

The increasing interest in the energy knowledge of the Italian residential
building stock has prompted many researchersto develop and propose retrofit
energyactionsbydevelopingurban energymapsandcharacterizingactualenergy
conditions associated with architectural heritage, seasonal heating and cooling,
and electrical energy demand of buildings [40—44]. The major questions are as
follows: what retrofitaction ismostapplicable to historical Italian buildingsand
howmuchdoeseachactiondecreasetheprimary energyconsumption?

In this context, each energy retrofit must be weighted. First, detailed
knowledge of the thermo-physical parametersofthe entirethermalenvelopeofa
building,includingthermalheatflow, thermalinertia,insulationlevel,etc., must
be obtained to identify the proper actions [45]. In historical buildings,
refurbishment materials must meet requirements associated with hydrophobic
properties, fire safety, aesthetic quality, cultural heritageimpacts, maintenance,
etc.[46-48].



A focused literature review shows that the preferred best practices take into
account the insulation proprieties of several plasters available for external and
internal applications [49,50], while few studies have focused on interior wall
insulationviaapplicationofan internal coator specificinsulationpanels[51,52].
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Fig.1. Matchingdatabetweenhistoricalresidentialbuildingper Climatezone.
Inthefirstcase, theactionapplicability isvery easy and material quality isoften EnvelopeopaqueElement Thickness[m] Transmittance
implemented by using natural vegetal aggregate deriving from the corn Upre [W/m2K]
production waste. While, in the latter case, despite considerably improving the externalwall 0.55 1.04 Uew
energy envelope performance, the application must account for the wall roof 0.08 1.89 u
orientation and climate zone toavoid condensation phenomena. However, this groundfloor 0.45 0.65 U
typeofsolutioncanbe feasibleifproperapplicationtechniquesareused. internalwall 0.10 1.78 Uiw
Large primary energy demands are due to heating, ventilation and air ceiling 0.32 1.96 Ue

conditioning systems [53], especially in historical buildings due to several
architectural characteristics and legal exemptions. However, some smart
solutionscanbeadoptedbytakinginto accountabuilding’shistoricalvalue. The
solutions include modifying seasonal, indoor temperature set points; installing
thermostatic valvesandzonethermostats; andintroducingheataccounting [54],
BACS[55]andlightingcontrolmechanisms[56].Notethatinthe Italianhistorical
centre, itisdifficult to install renewable energy sources due to strict regulatory
constraints [57-60]. It must be highlighted that some energy retrofitactions are
easier toapply than other onesi.e. window replacement. Therefore, in terms of
operational and energy advantages, the implementation of these actions is not
always easy or feasible and in any case an unique way. At this purpose, several
authors have been analysed some methods able to identify retrofit scenario
optimizationbyusing:a)multi-criteria optimizationthroughuncertaintiesinLife
Cycle Assessment and Life Cycle Costs [61]; b) multi-objective analysis
(maximum economic performance, energy consumption minimization and
lowest achievableindoorthermaldiscomfort)[62];c)climatechange prediction
[63]; d) stakeholder involvement [64]. However, in all analysed studies,
concerning the retrofit measures optimization old buildings are not taken into
account. Asdiscussed below, thiswork could help tofill thisgap by focusing on
Italianoldbuildingretrofit. So,inthefollowingsections,tworepresentativecase
studiesare describedandanalysed.

3. Casestudies:atypicalresidentialoldbuilding

Toimprovetheenergyefficienciesofbuildings, itisnecessary toevaluateeach
retrofitaction’sfeasibility. Indeed, notall retrofit actionsarenecessaryandthey
may not improve the energy performances of buildings based on the boundary
conditions, building geometry and building orientation, particularly in a
historical context.

In this paper, the authors analysed the energy performances of typical,
residential, historical buildings (basecases) inthefour climatezonesofthe I talian
peninsula(fromBtoE)andcalculated

Tablel
Thermaltransmittanceofthecasestudybuilding.

generalized results for two different base cases considering different shape factors,
lossesand surface/heated grossvolumes (S/V) (Fig.2).Ineachcase, severalretrofit
actions improved the energy performance, and the results of these actions were
analysed.

Asingle-family house, representing atypical dwelling, located inthe historical
centre of an Italian town and constructed before 1919 waschosen for analysis. This
typology is characterized by a multifunctional volume from ground to roof, two or
threefloors, limitedfloorspaceandthepresenceofotheradjoiningdwellings.

Thistype of building belongsto the terraced housestype. Itis characterizedbya
combinationofmorehousingunits,side-by-side. Thesinglehousingunithasanarrow
frontdevelopingindepthand heightofseveralfloors.Generally,itisafamilyhousing,
characteristicofthe urbancentre ofthe Italiancities. Inordertoevaluatethe different
heat losses conditions, two typical positionswere chosen, amiddle building andan
end/beginningbuildingofrow.

Thebuildingischaracterized by abearingwall made of local stone with internal
andexternalplaster,internalwallsmadeof hollowbrickandaslopingtileroof.Inthis
case,adwellingwith threefloorsconstructed before 1919 waschosen. Thedwelling
floor space is 6.40x9.50m?and the average height of each floor

isapproximately 3.2 m. To analyse a possible configuration, two typical boundary
conditionsarestudied. Sample Arepresentsa dwellingwithtwoborderingdwellings
(S/V=0.43),whileSample B hasoneborderingdwelling, asshowninFig.2.(S/V=
0.85).So, thermo-physicalcharacteristicsareshowninTablel.

Toevaluatetheenergyrequirements,adynamicmodelhasbeen implementedby
usingTRNSYS17.

In detail, two different models with different shape factors were built. The
transparent envelope of each model was characterized as in the following: wooden
framewindowswithsingleglazing andwoodenshuttersareinstalledinthisbuilding.
Theaverage U-valueofastandardwindow(1.24mx1.48m)isapproximately

5.68W/m?K. As mentioned above, historical buildings are charac-

terizedbysmallwindowareas,andinbothanalysedcases, the
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consideredwindowsurface/opaqueenveloperatiosareapproximately0.04. Then, toanalysetheenergyperformancesofthebuildingsinall climatezones
AllU-valuesarecalculatedaccordingtotheUNIENISO 6946:2008standard[65] [67],fourdifferentltaliancitieswerechosen. Table2 providesinformationforthe
forthe opaque envelope and the EC 22012 UNIEN 1SO 10077-1:2012 standard [66] chosenltaliancitiesusedascasestud-

forglassenclosures.

Furthermore, the ground floor U-value (U =0.65W/m?K) was
pre

evaluated considering theground heatexchangeusingthe Type 77Simple Ground
TemperatureProfile”inTRNSY Ssoftware17.



Table2
Climatezones,HDD, Heatingseasonandoperatinghoursoffour Italiancities.

ItalianCities HDD  ClimateZones Heati ngseason Operating
hours
Palermo 751 B from 1stdecto31thmar 8
Cagliari 990 C from 15thnovto31thmar 10
Roma 1415 D from 1stnovtol5thapr 12
Milano 2404 E from 15thocttol15thapr 14
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Fig.5. PrimaryEnergydemandandS/Vvariationinthebasecases.

ies. Theauthors considered the cities of Palermo, Cagliari, Romaand Milanoto
representtheclimatezonesfromBtoE.

Furthermore, Table 2 reports the heating season and the operational hours,
respectively,basedonDPR412/93.

By this way for each city, weather conditions and the respectively specific
operationhoursofthesystemswereimplemented. Intotalwereimplementedtwo
basecases(AandBcases)foreach city,atotalofeightsimulationbasecases.

The Aand B casesconcernastandard cooling/heating systemsof 10kWwith
different heating seasons and operational hoursaccording to standardsand local
regulations.

As mentioned above, contributions from renewable energy sources (RES)
have not been considered because restrictions enacted by specific Italian
authoritiescalled“Soprintendenzadei beniculturaliearcheologici”donotpermit
roof-based installations of thermal or PV systems. Furthermore, because
geothermal energy use is difficult in historical centres and heating/cooling
districtsare uncommon,onlyenergyretrofitstrategieshavebeenconsidered.

Fig. 3 shows the base case energy demands during the heating and cooling
seasonsineach climatezoneforthecaseof S/\VV=0.43 (Sample A)andthecaseof
S/V=0.85(SampleB).Ingeneral,for thesameboundaryconditions, highershape
factorsincreasedthe primaryenergy(PE)requirement.

InFig.4,byplotting theresults of the two base cases, itispossible tonotehow
the primary energy demand changing simultaneously with the HDD and S/V
values,alsoitincreasesaccordingtothehigh HDDandS/Vvalues.

Thetrend of the total primary energy demand for different climate zonesand
different S/V values are showed in Fig. 5. In the following, the authors will
investigate the correlation between the primary energy demand and the
simultaneouslychangingofS/V andHDDvalues.

4. Methodology

As mentioned above, several retrofit actions can be applied to historical
buildings. Inthisframework,theinstallationfeasibility andenergyimprovement
ofthebuildinghavebeenanalysedin

Table3 listoftheproposedretrofitactions.

Scenario Description
1 IC InternalCoatsystem
2 TP internal/external ThermalPlasterapplication
3 RI RoofInsulation
4 IC+RI: InternalCoatsystem+RoofInsulation
5 TP+RI internal/external Thermal plaster application + Roof
Insulation
6 w Windowsubstitution
7 IC+RI+W Internal Coatsystem+Roof
Insulation+Windowsubstitution
8 TP+RI+W ThermalPlaster+Roof Insulation+Window substitution
Table4
Thermo-physica propertiesofth: scenarios.
Scenario Upost[W/m?K] - U=(Upre-Upost)[W/m?K]
IC 0.47 0.57
TP 0.68 0.36 R 0.38 1.51
w 1.40 4.28

eachclimatezone. Theappliedretrofitactionsaredescribedin Table3;indetaileight
scenarioswereconsidered.

Note that the applied methodology analyses the effects of each energy retrofit
actionandthecombinationsofvariousactionson thebuildingenergydemandineach
climatezone.

The energy performance of the wall insulation was evaluated using two energy
strategies: an internal coat system (IC) and an internal/external thermal plaster
applicationsystem (TP). These strategiesaddressdifficultapplicationsbecausethe
morphological peculiarities(generally)cannotbechanged. Therefore,thediscussed
energystrategieshavebeenchosen.

AccordingtoJohanssonetal.[51,52],anlCscenariohasbeen developedthatusesa
0.06 m polystyrene panel on the internal wall. Furthermore, anair gap of 0.05 mis
included between the stone and the panel. This type of solution generally involves
condensationissuesinsidethewall,butitcanbeeffectivelyusedifinstalled properly.

The TP scenario involves the use of a commercial plaster with specific
hydrophobic, fire safety, aesthetic, cultural heritage (low impact) and maintenance
(minimal) properties. A0.04mthermal plaster layerwasappliedtobothinternaland
externalwalls.

The Rl scenario includeswooden roof insulation using the previously described
thermal plaster on the internal side, while scenario W replaces single pane wooden
windowswithdoublepanewindows with argon air-gaps (U =1.40W/m?K).

w

Groundfloorinsulationwasnotconsideredbecauseitisan extremelychallenging
retrofitactioninhistoricalbuildingsdueto theoftenmaintained,agedfloor.

Table4reportsthe U-valuesofthe newwall, ceilingandwindow configurations.
Furthermore, the U-value reduction in comparison to base case configurations is
shown (U). Note that the new U-values are not regulated because the building is a
historicalbuilding.

Based on the scenarios presented in Table 4, several actions were combined to
compareenergyperformanceresults.

5. Results

To evaluate the feasibility of a retrofit action, the energy performance of the
buildinginthenewconfigurationmustbeknown.

For this reason, the two base cases were simulated considering eight different
retrofit actions. Fig. 6 shows comparisons between the primary energy demands
relatedtothebasecaseswithrespect
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Fig.6.

PrimaryEnergy Demandforheatingandcoolingseason.

Table5
PrimaryenergydemandandenergysavingofSampleA.
Sample A Palermo Cagliari Roma Milano
PE[KWh/m?year] Saving [%] PE[KWh/m?year] Saving [%] PE[kWh/m?year] Saving [%] PE[KWh/m?year] Saving[%]
BaseCase 47.67 - 63.7 - 115.51 - 137.91 -
R 36.59 23.2 49.88 21.5 72.59 37.2 104.37 24.3
R+TP 32.54 317 44.42 30.1 64.98 438 79.08 427
w 43.81 8.1 57.65 9.3 84.47 26.9 122.53 11.2
W+R+IC 26.40 44.6 35.16 44.7 49.96 56.7 72.00 47.8
W+R+TP 27.98 413 37.53 41.0 54.02 53.2 76.47 44.6
IC 43.59 8.5 57.72 9.2 84.94 26.5 123.80 10.2
P 43.32 9.1 57.82 9.0 86.57 25.1 126.75 8.1
R+IC 31.50 33.9 42.74 32.8 61.68 46.6 42.74 69.0
Table6
Primaryenergy 'mandandenergysaving ofSampleB.
SampleB Palermo Cagliari Roma Milano
PE[KWh/m?year] Saving [%] PE[KWh/m?year] Saving [%] PE[KkWh/m?year] Saving [%] PE[KWh/m?year] Saving[%]
BaseCase 63.19 — 87.75 - 134.89 - 200.79 -
R 54.85 13.2 77.34 11.9 116.73 13.5 165.88 17.4
R+TP 43.56 311 61.25 30.2 92.35 315 135.11 32.7
w 59.83 5.3 82.49 6.0 125.77 6.8 186.62 7.1
W+R+IC 35.32 44.1 48.41 44.8 70.61 417 102.53 48.9
W+R+TP 39.56 37.4 55.17 37.1 70.61 417 120.09 40.2
IC 50.60 19.9 68.43 22.0 102.81 23.8 151.45 24.6
P 52.42 17.0 72.21 17.7 111.20 17.6 165.48 17.6
R+IC 40.00 36.7 55.42 36.8 81.73 39.4 118.76 40.9
Table7 o Theevaluationofthepercentagereductionoftheprimary energydemandafter
AnalysisofPriorityactionofSampleA. each single retrofit action is shown in the following tables. The first s related to
R 5 5 5 5 SampleA(Table5),whilethe secondshowsSampleB(Table6).
R+TP 4 4 4 4 . - . R . .
W 5 6 6 6 Inthisway, itispossible to identify, for each Climate Zone, a ranking from1
W+R+IC 1 1 1 2 (moreefficientaction)to8(leastefficientaction)of theprioritiesofintervention.
W+R+TP 2 2 2 3 ForSamplesAandB,andinalltheclimatezones, thefirstthree retrofitactions
IC 6 6 7 7 simultaneouslycombineseveralactions, namely, W+R+IC,W+R+TPandR+
;P o g g g ? IC. Theorderofthethreeactionsis onlydifferentfortheMilanocasestudy(Tables
+

totheefficiencyscenarios. Thefirstandsecondcolumnspresent datafromSample
AandSampleB,respectively.

The interventions can be prioritized based on the energy performance
evaluation. As shown, the simultaneous application of several retrofit actions
resultsisagreaterreductionoftheenergy requirementsofbothcases(SamplesA
andB)andinallclimate zones.

7and8).

5.1.Economicanalysis

To properly assess the priorities of actions based on improving energy
efficiency, the economic feasibility and the pay-back time (PBT) must also be
evaluated.

Table8



AnalysisofPriorityactionof SampleB.

Sample A Priority Action Sample B Priority Action
Palermo Cagliari Roma Milano Palermo Cagliari Roma Milano
R 7 7 6 7
R+TP 4 4 3 4
W 8 8 7 8
W+R+IC L L ! ! 12?&:Ieclozstsforeach retrofitactionand PBTforSampl B
W+R+TP 2 2 1 3 OSISTG RS
Ic 5 5 4 5 RetrofitAction TotalCost PBT-SampleB
TP 6 6 5 6 o .
R4IC 3 3 2 2 Palermo Cagliari Roma Milano
W 2510 19 15 11 8
IC 9522 19 16 12 9
W+R+TP 13,661.25 20 16 10 8
Table9
Specificcostsforeachretrofitaction W+R+IC 17,232 20 16 1 8
P — - _ R+TP 11,151.25 21 16 11 8
RetrofitAction Specificcost[D/m?] R+IC 14,722 21 16 12 3
TP 5,951.25 17 13 10 8
IC Internal Coatsystem 40 R 5200 >25 20 13 7
TP internal/external ThermalPlasterapplication 25
RI Rooflnsulation 80
w Windowsubstitution 250 CFjntvinc considers the inflation (Inf) and interest (Int) rates and is defined

Afteracarefuleconomicinvestigationacrosstheltalianpeninsula,wereevaluated
thefollowingspecificcostspersingleaction (Table9).

Based on the two different cases (Sample A and Sample B), it was possible to
evaluatethecosts,asreportedinTable10.

To calculate the PBTs of investments related to the proposed improvement
measures, aninitial economic analysis was conducted based onthe assessments. The
economicanalysisisbased ontheevaluationoftheNetPresentValue(NPVn),whichis
defined asthe sum of the presentincoming and outgoing Cash Flows (CFs) andthe
PresentValue (PV)overaperiod,asreportedinEg. (1). Incomingandoutgoing CFs
canalsobedescribedasbenefitand costcashflows,respectively.

NPVn=(CFin¢ +int +PV) 1)
Table10
TotalcostsforeachretrofitactioninSample AandSampleB.
Retrofit Action Sample A Sample B
m? Cost[D] m? Cost[D]
IC 84.9 3396 238.0 9522
TP 84.9 2123 238.0 5951
RI 65.0 5200 65.0 5200
W 10.0 2510 10.0 2510
IC+RI 8593 14,722
TP+RI 7323 11,151
IC+RI+W 11106 17,232
TP+RI+W 9833 13,661
Tablell
Totalcostsforeachretrofit actionand BTforSampleA.
RetrofitAction TotalCost PBT-Sample A
[D] Palermo Cagliari Roma Milano
W 2510 17 14 4 8
IC 3,396.4 20 17 6 10
W+R+TP 9,832.75 20 15 8 8
W+R+IC 11,106.4 20 15 8 8
R+TP 7,322.75 22 16 7 7
R+IC 8,596.4 22 17 8 5
TP 2,122.75 17 13 4 9
R 5200 25 17 7 8

in Eq. (2).

(1+linf")

CFineing. =DFC 2
(inf+int), n(1+lintn) ( )

DCF is the discounted cash flow and is a function of the fuel cost (Fc). It can
be calculated according to Eq. (3).

Seen IS the primary energy savings and LHV is the lower heating value. Spep
considers the difference between energy consumption before and after the retrofit
actionaccordingtoEgs. (4)—(6).

SPE,h,n =QPE,before —QPE after 4
QPE before =PEbefore xA (5)
QPE after =PEafter xA (6)

Intheseequations, Aistheheatedfloorarea.

Byapplyinganiterative procedure for eachretrofitaction, the pay-backtimecan
beevaluated,asreportedinTables11land12.

Furthermore, to evaluate the economic savings, the thermal and electric kWh
savingswere calculated. Theyearlyeconomicsavings (Spea) Wasdeterminedasthe
differencebetweentheyearlycostof consumedkWhpre-retrofitactions(Creat pre)and
theyearlycostof

Table13
YearlyeconomicsavingforeachretrofitactionforSampleA.

RetrofitAction Annualeconomicsaving[D/year]Sample A

Palermo Cagliari Roma Milano

Palermo Cagliari Roma Milano

w 54.90 82.66 426.52 445.04

IC 57.98 81.63 419.92 189.43

W+R+TP 228.30 324.18 810.21 817.82

W+R+IC 250.64 356.24 864.54 877.55

R+TP 166.24 231.29 663.07 782.91
R+IC 180.74 253.77 706.92 1270.54

TP 59.74 80.12 398.62 151.60

R 111.97 157.95 560.95 445.04




Table 15
Retrofit Action Ranking.

Tablel4

Retrofit Action Ranking Sample A Sample B
Yearlyeconomicsaving oreachretrofit ctionforSample  B.
RetrofitAction Annualeconomicsaving[D/year]SampleB Climate Zone
W46.6874.24123.35189.78 1C173.81263.08432.93660.37 B C D E B C D E
Rl/\_/r;R*'TP285.76263.08843é33§lé)176.51 W+R+I3(;5333.48507.058;3.2322;311.01 47575 W 5 5 1 5 3 5 5 3
’ ' ’ ’ 1C 5 8 3 8 2 7 7 6
R+IC 279.91 412.80 694.46 1094.17 W+RATP 4 4 . 4 5 6 1 4
TP 147.00 212.13 321.00 474.15 WARHIC 3 3 6 3 2 3 3 2
R 1. 119.84 227.22 464.7
8163 98 6475 R+TP 7 5 4 2 7 5 4 5
R+IC 6 6 8 1 6 4 6 3
TP 1 1 2 7 1 1 2 7
R 8 7 5 6 8 8 8 1

consumedkWhpost-retrofitactions(Creat.post)  asreportedinEqg. (7).

SHeat —(CHeat,pre —CHeat,post) yearD (7

The generic thermal consumption (TCHeat,x) is a function of the Primary
Energy(PE),theheatedfloorarea(A)andthekWhtcost (Ciwni)basedonEg.(8)for
agenericgascostof0.08D/kWht.

TCHeat,x =PEx x AxCkwht year (8)

Similarly, the electric kWhe cost savings based on the nonconsumed kWhe
afteraretrofitapplicationweredetermined duringthecoolingperiod.

Scool =(Ccool,pre —Ccool post) yearD 9)

Ccoolxx isdefinedbyEq.(10),and COPisequalto3.5. Additionally, thekWhecost
isequalto0.165D/kWheinthisstudy.

C = PExACOPxCRWhe yearE (10)

Cool,x

The sum of Spear and Scoor represents the yearly economic savings for each
retrofitactioninthefourcitiesandforthetwosamples (Tables13and14).

Tobetterunderstandtheseresults,alldatawereplottedinthe followinggraphs.
Figs.7and8illustratethePBTandeconomic savingsforeachcityrelatedtoSample
AandSampleB.

The above results were compared to establish a feasibility priority for the
differentanalysedretrofitactions.BasedonthePBT valuesandannualcashflows,
thisrankingisshowninTable15.

InTable 15, the lower the number, the higher the feasibility priority. Ineach
climatezoneandforeachsample,thebestthree optionsarehighlighted. Generally,
these results presented in this table suggest that, at the national level, the least
efficientretrofit actionisR,whilethemosteffectiveisTP.

Therefore, taking into account the Mediterranean climate zones, the best
possibleactionisTP,whiletheworstisR.R+ICactionsare recommendedincolder
climates.
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6.Conclusions

In Italy, alarge portion of energy consumptionisattributed to the residential
sector, particularly inhistorical centres. Indeed, applyingenergy improvement
measures in historical buildings is challenging for architects, engineers and
owners due to several restrictions and indifference towards energy
refurbishment.

In this paper, an analysis of the most common energy retrofit techniques
applicable to residential historical buildings in Italy is presented, paying
particularattentiontostrategiesforimproving energy envelope performance. In
addition,theenergyandeconomicfeasibilitiesofeachactionhavebeenevaluated.
Using two residential housing scenarios representative of a typical historical
building in Italy, anenergy framework is provided for theenergy statementofa
typical residential building in four Italian cities (Palermo, Cagliari, Rome and
Milan). Theanalysishighlightsthe lackof Italianregulationandthedifficulty of
enhancing energy performance with retrofits by applying eight different retrofit
actions focused on the building envelope. Furthermore, for each action or
combination of actions, economic feasibility analyses were performed. These
analyseshighlighttheissuesassociatedwithvarious retrofitactions. Theseissues
often include high costs for owners, poor energy benefits and high PBTSs.
Furthermore, the investment PBTs and the yearly economic savings were
calculated.

Asshowed by energy andeconomicanalysis, old building refurbishment mustbe
evaluated case-by-case considering climate zone, S/Vratio, PBT andsoon. Indeed,
the same energy actioncan result more advantageous in some Climate Zone that the
otherone byhavingthesamecost. However, theresultsofthesecalculations suggest
thefollowingconclusions:

— Indifferentclimatezones,PBTsvaryforthesameaction,increasingfromcolderto

warmerzones,

— TheanalysedretrofitactionsaremoreconvenientifthePBT <15 years. This

relationshipisgenerallyvalidinclimatezonesDand Eandlessornotconvenientin
BandC; —Moremodernretrofitactionsarenotsuitable; —ThePBT ofsampleBis
higherthanthatofSampleA.

InSampleB,themostunsuitableretrofitactionwiththehighest PBTisRin3zones.

InclimatezoneE, thehighestPBTisrelatedto thelCretrofitaction.
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representative scenarios and feasibility actionsalso by giving apriority ranking of
them that can be approached, by involved people, in afirst building refurbishment
step.

Finally,theseresultsconfirmthatthegeneral directions,which aredictatedbythe
redevelopmentthehistorical buildings, should becritically reviewed accordingtoa
carefulassessmentofthe system-buildingbalancethatproperlytakesintoaccountthe
thermalinertiaofthehistorical buildingandtheclimatecontext. This workprovidesa
starting point for future studiesinthis sector. However, the first stage of thisprocess
should be performed by the Italian Government through energy rehabilitation in
Italian historicalcentres,improvingregulationandencouragingowner investments
usingfinancialincentivestomovetowardsenergy independence.
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