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Abstract:

The paper will focus on the existing school stookdings recovery in order to reduce
the energy demand. The research has been develdgedhe aim of spreading a
sustainable retrofit for the existing school buigk in Italy, where, the constant
dependency on fossil fuels, oil and methane gastilishigh in school sector. At a
national level, Italy has adopted the European diive 2002/91 with the Dlgs.
192/2005, that has been integrated and modified tneyears. So, in 2009 the energy
certification of buildings was made compulsorypodisr the school buildings where the
display energy certificates must be prominentlyldiged.

The European Union established these regulatiooutir the Energy Performance
Building 2002/91/CE and EU Directive 2010/31. Thasu to diffuse local and national
regulations to guarantee high the efficient buddinusing appropriate policies which
consider local climate conditions. From 31st Decem®018, we must start building
zero energy public buildings, this means that fer same date we should have zero-
energy school buildings.

The research analyze the actual legislative Itadituation and describes an expressive
case study of a sustainable recovery of a buildoigpol situated in the Lucca city that
is partner in the project TEENERGY, founded by ElWn@nission in the MED
Program, that have as principal objectives to ereattransnational network among
Public Authorities, Universities, technical bodesd schools, in order to implement a
concept design action based on technological soisitifor passive cooling, natural
lighting and ventilation and use of renewable er@sig

The Strategic Plan of Schools, developed by LucoaiRce as Public Authority, aims
to found the way towards an appropriate energyiefit retrofitting of school buildings
in the specific Mediterranean area.

Keywords:
Energy Audit, Sustainable Schools, Energy Savirgfu®ishment Strategy



1 Introduction

The Sustainable Strategic Plan of Schools, devdltyyel.ucca Province, is a planning
tool developed to meet the school building enesgyés in South Europe and in Italy.

The school buildings in the South Europe and ity lleve been built in the sixties /

seventy and now are in bad conditions with veryhhegergy consumptions. Italy has
old laws for the school building sector (L. n. 423, December 1991, and L. n. 23, 11
January 1996) and is necessary to do actions toggné&unctional and structural

retrofitting, through planned actions of refurbigmh that can be controlled, from

Public Administrations, for energy and economiceasp. The typical school buildings,

in Italy, have a heating requirement of 100 kWhjymar. The total energy consumption
for the Italian school building sector is 1 milliah TEP for year: the 70% for heating;
the 30% for electricity consumptions. The secondafyool is the 27% of the total

energy consumption in the building sector.

With the European Directive 2002/91 CE also thenstbuildings become place where
is possible to test and verify innovative techna@s{in the building envelope and in
heating and cooling plants) for energy saving.tiylthe EU Directive is incorporated
with the DIgs 192/2005, that obliges to respectrgymeconsumption limits more

restrictive in the public buildings, in cases ofweonstruction or retrofitting, than other
types of buildings.

The Lucca Province, in the absence of adequatenadtiegislation in Italy, has so
decided to start experimental actions to improvergy performance of the school
buildings, so to decrease the management costs.

The analysis of the school buildings and the dewakent of the Strategic Plan
maintenance of schools have been launched underEtinepean research project
Teenergy Schools. Teenergy Schools has developeficeon Plan and a common
Strategy based on the experimentation of. energingatechniques, integration of
innovative materials and renewable energies (passmwling) for reducing costs and
consumption. Moreover, the project has set out @dgaractice benchmark based on
data from an Energy Survey in the Mediterranearcivprovides representative values
and compares secondary schools’ actual energyrpaafe.

The energy analysis has been made on 12 schodirmslduring the Teenergy Project,
through energy audit and thermographic analysid, after this first phase has been
extended to other 17 schools (for a total of 29dmgs). In the phase of survey and
collection data we have analyzed: the energy pmdoce of the buildings; the
functional standards; the presence of architectin@atiers; the structural and seismic
behaviour; the fire safety.

The research has allowed us to analyze in detailetiergy consumptions of school
buildings of the Province of Lucca and to makettwnbasis of European legislation, an
instrument for the assessment of energy and ecen@tnofitting actions.



2 Research Methodology

The research to develop the Strategic Plan of Schas beertonducted by analyzin
existing buildings that were divided into climatzgnes

- Media Valle Building’s; land, temperate clir

- Valle del Serchiduilding’s; mountain, cold clim:

- Versilia Building’s; costal marine area, tclime.

With the aim to identify the morphological and constiarctfeatures, and thus tl
strategies of energy retrofitting we have divided buildings for age grou

- Buildings built before 194

- Buildings built between 1945 and 19

- Buildings built afte11981.

The research has been divided into four actions:
- Preliminary analysis, with thermographindysis and energy audits for ea
building;
- Energeticsimulation to verify the energy retrofitting strgie
- Cost —benefits analys
- Drafting of a spreadsheet to estimate the codtefétrofitting actions and pla
it in an time schedule (management.

Figurel: Thermography Bdeen a fundamentinstrument in the diagnosis @be: heat losses can
localized easily

The stratemgs for the energy retrofittit that we have analyzed are:
- Wall insulation with thermal insulation coating ioside insulation to bring th
heat transmission valy(Uyay) to the limit required by energy ltalian le
- Replacement of windows with thermal break windohast tprovide to bring th
heat transmission value wingow) to the limit required by energy lItalian le
- Envelopeinsulatior, with insulation wall's, insulatiomoof's and replacemel
windows;



- Heating system retrofitting, with replacement ot tkexisting boiler with a
condensing boiler and installation of underflooratiey and heating system
control;

- Envelope and heating system retrofitting.

We have verify in each building, for a type clasem, the daylight luminance with the
software Relux, in order to evaluate the energyngathat is possible achieve by the
replacement of existing lamps with smart lamps andelectronic control system of
artificial light.

The research objective is to identify the bestamctabout costs — benefits analysis, to
give at the public administration a tool that altote plan future energy retrofitting and
economic actions.

In this paper we describe only the results of fétmog actions on the envelope and
heating plant system.

2.1 Energy Simulations

We have did energy simulations with the softwarerfifus, made by ACCA Software
for each building and for each strategies of epeegrofitting. Thermus is a software
that evaluates the energy requirements of buildasggedicated by the Italian legislation
and UNITS 11300 technical standards . With thiggyneoftware we have calculated:

- The thermal transmittance of the of the externaketpe surfaces, opaque and

transparent (Wi € Unindows KWh/nfK)

- The requirement of primary energy for heating,(E\/Vh/n?)

- The water heating primary energy requirement.{(EWh/nt)

- The total primary energy requirement(EKWh/nt)

- The CQ Emission (B, kg/m® year)

- The Building Energy Class

The data collected during the audit and simulastages were processed using the
spreadsheet BENDS, developed by Turin Polytechmc Huropean research
DATAMINE and that allows to compare energy datanfrthe schools of the Province
of Lucca with those of other European schools.

2.2 The spreadsheet cost-benefits of retrofitting actions

We have also designed a spreadsheet that allowsutiiee administration to assess the
cost of energy retrofitting actions to:

- Energy efficiency

- Architectural barriers removal

- The renovation of the interior and exterior

- The structural and seismic adjustment

Each action is evaluated through individual actitimst can be made on the school
building, so is possible to calculate the pricesmérgy retrofit actions that crossed with
the results of energy simulations (especially theres of energy saving) and the data of
heating energy consumptions, made it possible &ntify the payback on investment.



In this first phase of analysis we haven’t assegselde payback period VAN and Tl
focusing more on evaluation of energy consumptafrtie schoc buildings.

The spreadsheet is easily manageable by end usglaws at Public Administratic
to quantify the cost of the retrofit actioon each school building comjed to energy
improvements. The goal is to develop a Stratego Biat allows to ackve measurable
environmental benefits (energy consption reduction, C@emissiongeductior).

Intervention A ntervention®

€ 77.000 + VA I € 259.500 + IVA € 608.000 + IVA

Figure 2: The threseales scenario permits a ranking that takes ctount energy performances of
proposed retrofitting solution, indoor comfort eeconomical aspec

3.1 Building characteristics

The schools built before 19 are often located in buildings bufibr other uses an

change into schools in the early 190( In Lucca, for examplethe Secondary Sches

Passaglia and Mahiavelliare locatedn two historical building built i the nineteenth
centuryas convents and reside. Those buildings haveearing walls with therm:

transmittance value of @2 W/m’K, the windows have big glass surfaces with w

frames and single glazesmd are the major cause of heat loss 4,83 W/m’K). The

pitched roofs are nansulated(U: 2,0 W/nfK), also the groundloor slabs are not
insulated and border ahe basemet (U: 1,56 W/niK). The heating system consists

steel boilers and radiators, there is building management syst. The building
envelope has poor energy performan, in excess more thawice those provide by

law, and the schools have an eneneeds of about 56.62 KWh7rgear



2.50
o o 8
o (=] o
3 3
2.00
< g 8 g
- - Q
%50 = 2 ] s s ]
S 8 . 8 8 5 3 - . 8 3 o -
%00 (=] g o o 5 (=] % - g =1 ;, =
=) < e
= [ S
g 3 3 38 3 > R o 3
§.50 . =) = = (=} o = o = = =] = = = o = - = - =] = - go o = (\::Q = o
o0 (LT UL OIT AT DT DY OO T BT BT T Y BT T T BT OO BT BT BT T AT A
5 83 E S =t B9E L85 EEFELTEL LT EANTG G
2 S =25 2 ¢C T o3 = ES s SET 5 © 8 § 5 5 9 %
SETS5 @ 3 c B s 292988 05 2055 vt o NSO E 2N
= 5 0 0w 2 9 e £ © s B S S 3 a2 3 &8 3 @ & T 0
= n £ = c < o o © = 0O 0O 9 4 s o o ® =
s o T O © @ z v @ = 5] o = = =0 &8
= o 8 > m o - £ D =1 > 5 = = ©
2 = 2 ttg 2 28 §& &
g 8 820 £ ® 5
= P o 5
€ < Bqulrﬁs @ 10 o
8 a o
BU-value of walls OLimit value
Table 1.U-value of walls
7.00 . e 2 5
~ ~ [t} [ w ] ]
6.00 13 § 8 8
< < <
5,00 -
<
2.00 | 8 5
(3]
4 N 2 |k S 2 Ik IR S S e e Ik IR 8
éOO 1 F & N N N N N N
2.00 -
S
3 LA 1|
0.00 - -
= 8 3 £ 8 = - D E L 8 F E EFE L @ 8 g L s g d N T @
P E2EST 5 RPES 58 EEEsfEcEgeeo8E
S8 0 @ 35 hHh T e 220 L0355 2C &t 2 NS 7T T 2N
= 5 0 o S 0 o S s E L § S 3 ad 9 8 3 @ & S 9
T 2§ 3 s <ao 2 & d 2 0324338 3
s o T 9 @ z v © = © o = = =0 ©
= a g > o o = § D o = = © [}
2 2 5 £ s ® a ) Q
Q S @ =) =
Q 2 Buildings o S >
£ < o — ] 2
8 | BU-value of windows OLimit value | o

Table 2.U-value of windows

The schools built between 1945 and 1981, are Iddatbuildings built with scholastic
function, located outside the historic centre aadtire the following technological
solutions: reinforced concrete structure; wallssolated made of bricks with thickness
of 25,00 to 30,00 cm and plaster (U: 1,10 iy the roofs, uninsulated (U: 1,4
W/m?K), are pitched or flat, as well as the ground flstabs (U: 1,57 W/AK); the
windows have aluminum or wood frames and singleeda@): 4,14 W/rfK). The
building envelope has a poor energy performancetfadchools have an energy needs
of about 57,74 KWh/rhyear.

The schools built after 1981 are locate in new mrageas, outside the historic centre.
This buildings has been built after the first Balilaw on energy saving in building: the



Dlgs. 373/76, and show a better energy performaongared at the schools built in the
previous years. In these schools: the structune isinforced concrete; the walls made
of double layer of bricks and air gap of 5,00 cnithvthe external surface finished with
plaster or facing brick (U: 0,37 W/i); the windows have aluminum frames and single
gazed (U: 4,51 W/AK); the roofs are flat and made with hollow bloddof - thickness

of 25,00 cm - with a concrete screed -thicknes$,00 cm -and exterior finish made
with a single layer bituminous waterproofing (U63,W/nfK); ground floor slabs are
uninsulated and border on the basement (U: 1,68 4inTThe buildings have an
energy needs of about 47,51 KWH/year.
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Table 4.U-value of basements

All school buildings have a heating system plantdenaith steel boilers (single-stage),
power ranging from 600 to 1000kW, connected to tastradiators or, in the building



built after 1960, to air-fan. The boiler didn’t phace hot water, and only in a few
buildings, in the bathrooms, there are electricldosj with power of 1,5 kW, that
produce hot water.

The thermographic analysis shows as the buildinglepe is the major cause of energy

losses

, because is not insulated and the radiaterkbcated on the external walls; also

the pipes are not insulated and are the cause tisé pnoblems of inefficiency of the
heating system.
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Table 5.Heating system efficiency

3.2 Energy Simulation findings

The energy simulations to retrofit actions desatileparagraph 2.1 show that:

Retrofit of walls or windows do not reduce the dinly energy requirement. The
replacement windows, which is one of the retrofitian done first because is
cheap, decrease by only 12% the building energgs&eth a long payback

time, which can extend beyond 15-20 years. To engueal reduction in energy
consumptions (about 50%) and improve the energippeance of buildings, is

necessary to insulate walls and roof and replacéovis in the same time.

Retrofit of heating system (replacement of stedieb® with condensing boilers;
installation of a radiant floor and a room contsyktem) decreases by about
25% energy needs of buildings with a cost of a#@00.000,00, which has a
payback time of 35 years. But change the heatistesy without isolating the
building envelope cannot be considered a goodfitiing action, because the
thermal bridges of the building envelope causimyway, energy losses.



Retrofit of building envelope and heating systemargntees to decreases by
about 60% energy needs of buildings and to decsebgeabout 50% CO

emissions.
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Table 6.Energy Performance Index for space heating and shicrteot water
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3 Conclusion and Further Research

The energy simulations, made for each buildingehstvow that by a global retrofit on
the envelope and heating plant:

Thermal transmittance of walls, roof, windows, teex the limit values laid
down under the Italian energy law;



- The total primary energy requirements are halved,does not reach the limit
values laid down under the Italian energy law;

- The CO2 emissions are reduced by 50%;

- The building energy class are G or F, but not @ ith¢he limit for the building
energy class laid down under the Italian energy law

The inability to achieve a good energy class is thuehe absence, in the schools
analyzed, of a mechanical air change system thatcoatrol and decrease the energy
losses. This data shows as the presence of théatient system can be influence the
computation of total primary energy requirementee TUNITS 11300, the technical
energy laws in lItaly, in fact, penalize the puliigildings that have not a mechanical
ventilation system, but are ventilated only withiumal systems. In the future it might be
interesting to assess the true incidence of veiatiiain the energy needs of school
buildings and to propose, only for this buildingsyew model for energy evaluation and
certification. The energy simulations and the sgsbaet have allowed the Province of
Lucca to begin the planned action for the schoetiofitting, analyzing their economic
and environmental impact.

The Province of Lucca wants to carry on with theesech started with Teenergy and
whit the Strategic plan of schools in a new Europessearch in order to develop a
software that to assess the impact of energy rtingf actions on the energy efficiency
for the public buildings located in Mediterranealime, where the air change is
guaranteed only from natural ventilation systems.
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