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Abstract. With the last European Directive 2018/844/HElJ Member Statefiaveto outline effective
strategiedor the energy renovation of existing buildings as t@chieve the objectives set respectively for
2030, 2040 and 205@aking advantagef new financing instrumentsn this process, public buildings are
identified as important driveror energybehavioural changeamongcitizensand, in addition, they can
benefit from encouraging mortgages for certified energy efficient renovatitmvgever, he problem of
dealing with existing public buildings is their sample size combined with the current necesgityifafant
renovations. Inthis scenario the referene building acquires a key rokes the starting model for the
evaluationof primary energy needs and of retrafieasurs. In this work, a reference building selected by a
previous work is further analyzed, testing selected potential retrofit intervertiomeeans of model
simulation. The implemented measures Hren evaluated using a cesptimal approach, in order to
integrate their priority with respect to caffectiveness. The aim of the work is to testa building
centrotypeselectedretrofit measuresto be then extended to the other buildings similar for their main
geometrical and thermophysical features.

1 Introduction have beettately put under the spotlighbecause atheir
complexity due to (i) their particular Indoor
L Environmental Quality IEQ) requirements(ii) their
The _Iast European Directive 2018/844/E1] has _ heterogeniéy in terms both of geometrical and
sanctioned the need for the Member States to outlinggcnnological features and (i) their operational
effective plans for the energy renovation of the existing gchedules In fact despite their similar usagend
building share, specifying the expected outputs for1ong fynctions school buildings embrace different sizes,

term renovation strategies and prescribing  the yensities and occupatidevels and all these factors lead
monitoring of such developments. Acrding to the 4 5 wide differentiation in the energy needs amtreg
impact assessment delivered by the Commission, iNgntire stock3]. In literature, differentvorks have been
order to achieve short, mid and long term objectives seloonqctedfor the assessment of retrofit interventions
respectively for 2030, 2040 and 2050, renovation should,q4 energy savings on public buildings, dealing with a

be performed at an average @b ®ach year, in a cost  gingle case study at a time. [4] and[5] different cost
effectiveness perspectivlesides,in the legislationa  efficient retrofit scenarios are discussed for typical
focus is also put on the involvement of financing gqycational buildings built around 196070, taking
instruments and incentives, and on the share of besiiy account occupants’ wellbeingn [6] and [7] two
practices to disseminate successful energy efficiencyyiegiterranean case studies are converted into zero
actions.In this process,hie role of public buildings was  gnergy buildings while considerin§Q aspectsAscione
already indicated as a leading one from the previous ot 4| [8] implement the refurbishment of an ancient
Standard 2012/27/EU[2], constituting themselves university building in Italy by means of model
important drivers_to stimulateehaviouralchan.ges in _ simulation and with the investigation of potential
energy consumptions by the whole community. Public g5yings. In[9], an historical university building is
authorities can benefit fromancouraging mortgages for  5n4y7ed considering loimpact retrofit interventions.
certified_energy efficier)t renovations, e.g. through However, when dealing with existing public
publicprivate  partnerships or energy performance piigings the first issueconsists intheir sample size
contracts, in order to reduce the perceived risk of the.ompined with the still current necessity of great and

investments, on condition of transparent and accessibledeep renovations. In this scenario, performing a-bgse
advisories.Among public buildings educationalones ’
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case energy audit, along with the evaluation and The school has been selected among 41 educational
validation of Energy Conservation Measures (ECMs), buildings as a reference centroid of a group of 9
represent a challenging, time and egsending elements, with the approach described in a previous
perspective. For this reason, there is the need to develoork of Pistoreet al.[11].

easy and effective ways to analyze and enhance large
stock of buildings. In the Directive 2010/31/UEOQ]),

the keyrole of the reference building was already
highlighted as the starting model for the estimation of
primary energy needs and for the assessment of retrofit
interventionsln Pistoreet al.[11], the authors proposed

a method for a quick identification of the suitable
primary interventions in a large stock of school buildings

in the Province of Treviso, clustering buildings

according to their constructive and technological features
and pointhg out a reference building for each group. In
this work, one among the so identified reference
buildings is further and deeply analyzed, testing the
identified potential retrofit interventions by means of

model simulation. The implemented measures are

evduated using a cosiptimal approachso as to weight

and evaluate theirpriority with respect to cost N/
effectiveness. The aim of the work is to test the validity 0 o 20 30 a0 5o
of a building centrdype to implement cosiptimal

retrofit measures, to be then extended the other @

buildings similar for their main geometrical and N

thermophysical features. The role of the reference
building is pivotal, since it could allow a cost and time
saving improvement of the energy performance of large
?tocks of buildings, withoutansidering one case at @ gigyre 1. Schools ground floor map
ime.

Heating system typology:
Oall-air system radiators

In the mentioned approach, buildings ay@uped

2 Method according to their similar geometrical and

thermophysical features by means of clustering
Energy simulationhasevolved in therecentyearsas a  techniquesEnergy audits are performed by means of the
tool for evaluating and enhancingthe energy  Energy Signature€£§ methoddescribed in the annex B
performance of existent buildings, becoming an of the superseded standard EN 15603:20@3 13]and
important instrumenof analysisin operation conditions  the slope of the ES is identifieak a synthetic reliable
from theinitial to the construction stage of the building, indicator of the energgonsumptionsSuccessively, in a
considering also the interaction building-uses- further elaboration of the methodology, the
environment.In this study, he main goals to identify thermophysical features most correlated with the energy
the cost optimal and cesffective renovation measures consumptionsif. the slope of the Energy Signatures)
for a selectedexistentreferencebuilding ard toevaluate ~ are selected as eligible for interventioby, meansof
the renovation package that adds more value alsdeature selection algohins, giving a priority of
considering the cbenefits. intervention evaluated for each cluster of buildinigs.
this work, the identified measures are tested on the
reference building of one of the clusters, meant to be
then extended to the other elements in the same group.

The proposed work has been conducted on a high school

building in Conegliano (TV) in the nortBast of Italy 2.2 The simulation tool

located in the climatic zone twith 210123000 degree

days.Built in 1985, it hosts about,150 students aged The thermoghysic model of the schoohas been
from 13 to 19 years old, and consists of 4 floors over the realized with OpenStudi§14] (plug-in for SketchUp
ground plus a basement, for a total floor area ¢BAR software)for what concerns the creation of the 3D model
m?, a heated volume of %5 nt, a compactness ratio and its componentgombined withEnergyPlug15] for
of 0.35and a transparent envelope area of about 2,074the definition ofthe locdion, the climate, the internal
m?. Offices and administration fac®rth-west, while the  gains andhe system typolog§or heating and cooling.
classrooms are located all around the buildimgich is

provided withtwo differentconditioning system: an all  Data collection

air system for the most part of tBehool, and radiators In order to obtain the mostccurate modelpumerous
in a small classrooms area (Figure 1). data are needed to eplemented irEnergyPlus:

2.1 Case study
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e Environmental dataclimate data andocation (i.e.
air temperature, relative humidity, global solar
radiation and wind velocity, provided from ARPAV
[16] for the 20172018heatingseasol

e Building data building geanetiies orientation and
constructiveelements

e Uses data: occupational and illumination profle
(defined according to UNI 10339 [13]) and
operational scheduldsr the system.

Creation of the building’s model

The threedimensional building moddias been created
with  SketchUp software [17] combined with
OpensStudipimplementinghe building compones(i.e.
opaque and transparemnvelopgé and defiing the
thermal zones. Successivethe internal gains and the
operational schedules for tieatingsystem have been
definedin EnergyPlus

Construction packages

The construction packages of the building have been

implemented consideringaeh materialof which they
arecomposd, by means oits main propertieghickness
[m], thermal conductivity [Wm™ K], density [kgm?],
specific heat [kg* K] and othemphysicalproperties as
emissivity, thermal absorption, and visible absorption.

Thermal zones

The thermal zonesf the selected buildindpave been
defined based on thgpology and function of the indoor
spacesndonther locationinsidethe building. The final
model include$5 thermal zonéFigure 2) belonging to

6 different main typesf space(i.e. zones wih similar
occupational profile: classrooms, offices, bathrooms
corridors, auditorium and gym).

Figure 2. Building modelwith thermal zones.

3 Energy retrofit interventions

3.1 Intervention features’ selection

The building’s features eligible for intervention have

been selected by a further development of the work

proposed in[11]. The goal was to identify the
thermophysical datures most correlated to teaergy
consumptions, namely the slope of tB& In order to
achieve this objective, supervised learning methveoei®
implemented in a stepwise approact Wrapper
Feature Selectiorto identify the significant features
subsets within the initial datats€ii) Random Forest®o

give a level of importance of thereviously selected
features

According to the resultshé following order was
observed, from the most important to the least significant
measure thermal transmittance of windows, thermal
transnittance of vertical walls to the external
environment thermal transmittance of the roof, thermal
capacity of the heating systerihis order has been
followed in the evaluation of theECMs proposed
hereafter.

For designing theetrofit interventionsthe values of
transmittancerescribed for 281 by D.M. 26/06/2015 n.
39 [18] for climatic zone Ehave ben considered
vertical opaque elements to external or unheated spaces
0.28W m?K™, roof 0.24W m?2K™*, floor 0.29W m?K*,
transparent elements to external or unheated spaces 1.40
W m? K Besides the enhancement of the
thermophysical properties, in order to evaluate the most
suitable interventions, a cesptimal approach has been
carried out as prescribed by thargpean Standards. In
this perspectivethe global cos for the buildings life
cycle have been calculated following the
recommendations of the Commission Delegated
Regulation (EU) N °244/20119], with adiscount rate
of 6% per year[20]. The equation used testimatethe
payback time is:

PP = [annual saving€) / (1 + r)] + investment(1)
where r = 6%

Windows renovation
Regarding the improvement of the window’s thermal
transmittanceat first windows of classroomsoriented
south and eashave been considered. The proposed
intervention consisted in the substitution watlstratified
secure glass, clagB2 [21] composd by two or more
glass layer, assembled with additional interlayer film
(PVB). This type of glassesiststo impact froma height
up to 45 m, holding the glass fragments, limiting the
opening dimensions and reduce the risk of wounds or
cuts. Furthermoren order to assura significantenergy
savirg and good thermal insulationperformancesthe
glass must have a superficlalv emissivetreatmentso
as to limit the transmission of solar radiatiomhile
ensuringa high bright permeability. The oken glass
has a thickness of 6.mm (3/0, 38/3) with a total
transmittance of 0. W m? K™, A PVC material (with
inner tube)is suggested for the framsince it offersa
high levelinsulation without need to maintenandde
frame has a transmittance equal 0 W m?K™. Thus,
the total transntiance ofthe window results 15 W m?
K™

For what concernghe renovation of windows in the
corridors,a glass with thickness®mm (3/0,76/3) and
frame in PVC have been chosenwith a total
transmittance of .07 W m? K™, Finally, the polycarb
skylights at the third floor orientegorth and vesthave
been replaceavith a polycarb more performing, thi a
thermal transmittance of 1W m?2K™,



E3SWeb of Conferences 111, 03017 (2019) https://doi.org/10.1051/e3sconf/2019111030
CLIMA 2019

After the replacemenbf the windowsevaluated by  153,40340. The economic retn is estimated arouriZB
meansof the model simulatiorthe energy usagef the years.
building are reduced of 303 MWh/year, equal t®23% In Table 1, values for thermal transmittance are
of energy consumption®As a final step, the proposed specifiedprevious and after renovations, with reference
intervention has been evaluated by adding to the processo the requirements set by the standard.
the economic variable.rAaverage retail selling price of

natural gas equal to.3® €/m? for public service Table 1. U-values of the building elements before and after

activities ource: Italian RegularityAuthority for renovations

Elect_ricity, G_as and Wate~ AEEGS) _ has be_en U-value [W m2 K]
considered Since he total cost of the intervention, before ) D.M.
according to the prices defined by thegional prices Element renovation after renovation | ;0 <
cata]ogueof Public Woks (Pre_zziario_ Regionale- 2.17(classroom) | 1.15(classroom)
Regione Veneto 20M4) [22], is estimated at € | Window | 2.30(corridor) 1.07(corridor) 1.40
33304193, the economic return is estimated around 3( 5.30(polycarb) 1.10(polycarb)

years Besides the economic variable, it is important tq _ Wall 0.70 0.23 0.28
highlight the potential benefits for occupants in thermal  ggof 0-17ééSCh00|) 0.21 024
of indoor thermal conditions due to this intervention. .02(gym)

Vertical walls renovation Heating system renovation

For what concerntheverticalwalls faced to the external ~ OPserving the results from the model simulatibrwas
environment the chosen interventioronsists in the hoticed thatthe energy consnptionsof the building
insulation with a thermal coat,with the scope of Werevery highwhile the plant efficiencyvasvery poor.
reducingthe thermal bridges in the structure afatain The causesould bevarious from bad maintenance and
less variationsof the internal temperaturdue to the ~ Managemenof thesystemto the typlogy of thesystem
external climaticconditions (aspect that is of pivotal ©OF the bad distributiomlesign In order to improvethe
importance also for occupantsomfort). An EPS panel ~ average seasonal total efficiencfconsidering the
of 120 mm thickness anditiv a thermal conductivity of ~ €Missios,  regulation, distribution and production
0.033W m?K* has been choseWith the application of efficiency) the first step is tooperate an ordinary

this panelto theexisting wall fiext tothe more eternal ~ Maintenance and cleaningo as to reduckeat losses
layer of bricks), the thermal transmittaricas improved ~ @long with improvingthe distribution system wittthe
from 07 W m2Kto 0227W m2K™. application of thermal insulation aty reducing the net

With the energy model simulation, the energy  dimension of the systeniThe losses that affect the

demand of the building is reduced ®72 MWh/year, generator'sefficiency can be reduced witha correct
equal to289% of consumptionsConsidering also in this ~ design and sizingavoiding a useless increase of costs
case an average retail selling price of natural gas equal t&nd environmental dispersimrn importantand crucial
0.39 €/n#, the total cost of the interventi@ecording to ~ Measureis to install zone temperature contol or

Public Works[22], is estimated at € 2(®1494. The This latter intervention has been implemented in the
economic return is estimated around 21 years. simulation modelreplacingthe obsoletegeneratomwith

a new condensation ong ensuring an improvel
Roof renovation efficiency upto 81.7% (assumes by 80%, with a manual

Considering the roof of the buildinghermal insulation ~ calculate) The efficienciesthat determinedhe seasonal

has been addeih the existing constructive package, 9lobal efficiency are calculaten the following ways:
over the concrete screemlong with a waterproofing ~ the emissiorefficiency is determined bystandad UNI
membraneso as to avoicany damage of thisulation TS 113002 [23], equal to 92% for vents terminal ine
material. As previously forthe externalwalls, an EPS ~ heaing air systems; the regulatifficienciesare equal
panel of 120 mm thickness and twia thermal 10 96% [23] for ON/OFF climatic regulation forthe
conductivity of 0033W m2K™ has been selectetvith ~ System ata lower themal inertia that manage the
the application of this panel in the roof, and the addition teémperature in the different zagelassroom, office and

of the floor external layer, the thermal transmittance 9Ym): the distributiorefficiency is considered at 94%,
improves from 1 W m2K™* to 0212W m2K™. The for a centralized system, coats with an accurate thermal

sameconstructive packageas been usefbr the gyms and acoustic indation, applied on the circumference of
roof (previouslymade of sandwich pargyl in order to  the conducts. .
improve the irdoorthermalcomfortfor theoccupants The renovation of the heating systdeeds to a

Due to the intervention, according to the model decrease in the energy demaoidthe buildingup to
simulation, the energy demanfithe buildingis reduced ~ @bout120 MWh/year equal toa decrease df2.73% in
of 109 MWh/year, equal to 187% of consumptions  the registered consumption€onsideringan aveige
Considering an average retail selling price of natural gasfetail selling price of natural gas equal to 0,39¢AMe
equal to 0,39 €/ the total ost of the intervention total cost of the interventiomccording to the prices
according to the prices defined by the regional pricesdef'”ed by the regional prices catalogue of Public Works

catalogue of Public Workg22], is estimated at € [22]. is estimated at €,577.44. The economic return is
estimated around years.
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3.2 Overall evaluation of retrofit interventions

The results are presented in Figure 3. From thetplot
is clear that the most efficierand effectivemeasures
consist in the renovation of the heating systehe
insulation of the vertical wallghe replacement athe

In Table 2 an overview of the investment costs for windowsand finally the application of insulation in the
each retrofit intervention is proposed, along with the roof.
estimated annual saving and payback time for the

investment.

Table 2. Overviewof the costsassessment

4 Conclusions

In this paper, an educational building is considered to

Investment Annual Payback implement and evaluate energy conservation measures
Element cost saving time by means of dynamic model simulation, using a cost
[€] [€] [years] optimal approach. The bdihg was selected as a
Window 3334193 1244033 30 reference one within a cluster using a previously
Wwall 20921494 | 1115709 21 developed approach. The role of the reference building
Roof 15340340 446474 38 ha_s gai_ned an increasing importance ir_1 the_ recent years,
- being identified by the European Directives as the
Heating system | 757744 491364 2 starting model for e estimation ofprimary energy

needsand for testing potentialetrofits. In addition to

As it can be observed, the investment caltsreases this, public buildings have a central pivotal role, being
from the highest value for the windows replacement, tovisiple among the community and being drivers for
the lowest value for the renovation of the heating system.management and behavioural changes. In the proposed
This latter efficiency measure is also the one with the work, some selected interventions have been testea on
shortest payback time, whereas the roof, wall andreference building, in order to estimate the achieved
windows renovation have d&me of return of the savings both in terms of energy efficiency difelcycle
investment between 21 and 38 years. On the contrangosts. In this directionat first the ECMs have been
(Table 2) the windows replacement and the walls evaluated by meansf energy demand redtion, and
improvement would lead to high annual savings with secondly a economic evaluation has been implemented
respect to the enhancement of the roof and of the heatingiith a costoptimal perspective Finally, an overall
system. assessment has been conductssigninga weight of

At this point, an overall evaluation of the importance.The interventions highlighted as the most
interventions is needed, in order to consider in the convenient are the ones toibglemented, starting from

decision making process all the assessed aspects. To dfie reference building and then potentially extended to
this, a weighting methodology has been develoegh  the other buildings in the same cluster.

intervention has been evaluated considering thee From this studyit is evident how the process of
aspects(i) energy saving (i) investment cost and(iii) optimizing the renovation of buildingoes not account
payback time. At each aspect a scoas been assigned only for energy savingsub also has to consider tlite-
(integer), from 1 (minimum) to 4 (maximum). For  cycle costs and, nonetheless, t@benefits and overall
instance, a score 1 out of 4 energy savingneans a  added values [20]. Further investigations can be
significant resulton the contrarya score equal td out implemented, especially on the side of the impact of
of 4 oninvestment cosheans a veryveakinvestment.  sych actions on occupants’ indoatomfort and
The sum of thegiven scoresis the final value ofeach  \wellbeing.Therefore the choicaequires theooperation
intervention: the higher the score the more convenientof different skillsin order tocopewith the directives and
the measures. the legislation of the European Union

Annual saving, Investment cos Payback perio¢ Result: Acknow|edgment

10 The authors would like to thank the Municipality of
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