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Abstract

This study made it possible to retrace the major stages in the implementation of thermal regulations for buildings while
placing them in their global and regional framework. This regulation, which was born following the crucial energy con-
sumption experienced by the building sector and which has prompted countries to take regulatory steps to combat
this scourge. Morocco is also committed to this approach by setting up the Moroccan Construction Thermal Regulation
(RTCM), in order to guarantee energy efficient buildings. Following the comparison with the Thermal Building Regulations
of Tunisia (RTBT), a country enjoying a comparable climatic and economic framework, our study also allowed us to under-
line the similarity of approaches in the two countries but also the delay experienced by Morocco in this implementation
which fortunately is in the process of filling it by accelerating the procedures. Our work is in line with this perspective,
by making it possible to highlight the steps taken in the establishment of this RTCM and those that remain to be devel-
oped, refined or adapted to the country context. In this sense, a broad consultation of stakeholders (decision-makers,
prescribers and professionals) through a survey, allowed us to elucidate the reasons for the delay in the implementation
of this RTCM, and the skepticism of both sides to its consideration favoring by far its voluntary aspect of its application.
This consultation has especially enabled us to enrich this regulation for a better adaptability to the Moroccan context,
ensuring at the same time a fairly flexible transition from a voluntary application to a compulsory application. In addi-
tion, we have reviewed the high performance insulation materials to be offered for both building envelopes and their
structures. And for better performance, we have also proposed the integration of certain Moroccan standards in digital
simulation tools for thermally insulating buildings and which will be developed in the next work.

Keywords Thermal regulation of construction Morocco-Tunisia - Thermal regulation of construction, mandatory-
voluntary - Green building - Insulating materials - Online survey

1 Introduction the thermal performance of buildings by reducing

the need for heating and air conditioning. This can be

The objective announced by the Moroccan Government
is to achieve primary energy savings of around 12-15%
by 2020 [1] through the implementation of an energy
efficiency plan in the various economic sectors. Among
the actions undertaken by the State in this context; the
development of the Thermal Construction Regulation in
Morocco (RTCM) which has as main objective, improving

achieved by improving the insulation of the building enve-
lope as well as reducing the power of the heating and air
conditioning equipment to be installed;

The RTCM constitutes a basic document serving as a
technical prescription in the specifications of construction
projects, extension or renovation of buildings. It is a tool to
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help the thermal and energy optimization of the building
envelope during the design phase.

Compliance with the RTCM requirements in the housing
sector makes it possible to achieve final energy savings
of around 22 kWh/m?/year and a significant reduction in
CO, gas emissions [1-3], variable according to climatic
zoning. Compared to the usual energy bill of the final con-
sumer, these savings generate substantial gains estimated
on average at 18 DH/m?/year [1], compared to the usual
energy bill of the end consumer.

In addition, the effective non-application of this regula-
tion in buildings constructed after its appearance depends
on several obstacles related mainly to the non-availability
of a strategic plan and appropriate communication tools
for the mobilization and awareness of stakeholders, includ-
ing administrations, companies, professionals and the
general public to energy efficiency measures in buildings.

This led us, in this article, to dissect the approach fol-
lowed by the State in order to make the RTCM a regulatory
device applied obligatorily and strictly in the buildings of
tomorrow. Furthermore, this article is structured as follows:

e First of all, a presentation of the energy consumption
which occupies the building sector in the world, the
region south of the Mediterranean and Morocco;

e Subsequently, a review on the application of thermal
construction regulations in the world and in the coun-
tries of the southern Mediterranean;

e After, a presentation of the research methodology
which firstly contains a comparison of the requirements
of the thermal regulations of building in two neighbor-
ing countries characterized by a climatic and economic
rapprochement namely Morocco and Tunisia and sub-
sequently, a survey which was launched online among
stakeholders in the building sector in order to find out
the cause which prevents a compulsory application of
this regulation in new constructions;

¢ Then after, the presentation of the results and discus-
sion of the feedback received from the various parties
questioned;

o Finally a glimpse of the prospect of the next job.

2 Energy consumption in the building
sector

The energy consumption of buildings forms a large part of
global energy consumption. The construction sector con-
sumes up to 40% of all energy and contributes up to 30%
of annual global greenhouse gas emissions [4]. This causes
real environmental nuisances such as global warming, air
pollution and acid rain [5].
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Energy consumption in the tertiary sector is around
70-300 kWh/m?/year, which is 10-20 times higher than
that in the residential sector [6]. Hence the future concerns
about methods of supply, depletion of energy resources
and serious environmental impacts [7]. Furthermore, the
overall contribution of residential and tertiary buildings
to energy consumption has regularly increased, reaching
values between 20% and 40% in developed and develop-
ing countries [8, 91.

On the other hand, the growth of the population, the
improvement of the standard of living and the means
of comfort as well as the prolongation of the time spent
inside the building, will lead to a continuation of the
energy demand worldwide. For this reason, energy effi-
ciency in buildings is today a primary objective of energy
policy at regional, national and international levels [7, 8].

2.1 Atthe world level

The results of statistics carried out in 2010 at global level
on energy consumption, have shown that the building
sector alone accounts for around 28% of final energy con-
sumption and contributes about one-third of the emis-
sions of CO2 [1], as shown in Fig. 1:

In addition, and in view of the high energy demand in
future years, energy consumption may increase by 70%
between the period 2006 to 2030 in growing developing
countries such as China and India [10].

The expected increases for Central America, South
America and the Middle East are approximately 50%.

In the case of Africa, the energy consumption result-
ing from the same period is estimated at 50%. However, a
smaller forecast increases of around 25% for the develop-
ing countries of Europe and Eurasia [10].

2.2 Inthe southern Mediterranean region
The southern Mediterranean region is no exception to

this observation since, on average, the building sector

Transport 33% Tertiaire 4%

Batiments 28%

Autres

Industrie 24% (agriculture ...) 11%

Fig. 1 World Building Sector Final Energy Consumption in 2010 [1]
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represents around 38% of the energy consumed (this
percentage varies between 27% and 65% depending on
the country). Compared to other industries, it represents
the largest source of economy and is often around 40% in
most countries of the region [1].

2.3 In Morocco

In Morocco, building is the second energy consuming sec-
tor after transport with a share of 25% of the country’s
total energy consumption, of which 18% is reserved for
residential and the rest for the tertiary sector as shown in
Fig. 2. This energy consumption, due to various sources,
generates an increase in the release of CO2 gas and sub-
sequently an imbalance in our ecosystem [3].

This energy consumption is expected to increase rap-
idly in the coming years for two reasons:

e The noticeable increase in the household equipment
rate in household appliances due to the improvement
in the standard of living and the lower prices of these
appliances (heating, air conditioning, water heating,
refrigeration, etc.).

¢ The significant evolution of the building stock due to
the major programs: Plan Azur for the hotel industry,
emergency program for national education, program
of 150,000 housing units a year, hospital rehabilitation
program, etc.

3 Thermal regulations in the building sector

The rapid growth in energy consumption worldwide has
raised concerns to remedy this scourge. Several countries
are therefore committed to the development of energy
regulations and standards aimed at reducing the energy
consumption of buildings.

Industrie Agriculture
21% 13%
Tertiaire

7%

Résidentiel Transport
18% 41%

Fig.2 Structure of consumption by sector [1]

The energy regulation of buildings aims to reduce the
energy consumption of the building and its systems such
as heating or air conditioning [11]. It is one of the most
frequently used instruments for improving the energy
efficiency of the building envelope and ensuring the
safety and health of those inside. [12]

Thermal regulation plays an essential role in specify-
ing how buildings should be constructed and the steps
to follow to comply with thermal insulation standards
by setting minimum requirements for energy efficient
design and construction. [13]

3.1 The application of the thermal regulation
of construction in the world

Several research studies have been directed towards
identifying the application of thermal building regula-
tions in the countries covered by their studies. Among
this research, we find that carried out by the World
Energy Council, which launched a survey of 63 countries
and it demonstrated the existence of mandatory stand-
ards for new buildings in all European countries [14].

As well, work by author Janda [5] has identified the
global status of energy standards for buildings, focusing
more on developed countries. His work was based on a
survey sent to 81 countries. The results showed that 61
countries apply existing mandatory standards, while 11
countries apply such standards on a voluntary basis and
that 9 countries have no standards.

Most European countries have established mandatory
energy standards for new housing and service buildings;
while almost half of the countries in Asia and America
have imposed mandatory standards and the other half
have imposed these standards in optional way [15].

In another study (Joseph et al. [13]), based on an
online survey of 145 contacts from governments,
research organizations and professionals from 95 coun-
tries, this study consisted of collecting detailed informa-
tion on regulations energy consumption of buildings
and its degree of control and application. This study
showed that Singapore and the Philippines were the first
to introduce mandatory or voluntary standards for com-
mercial buildings, followed by Algeria, Malaysia, Egypt
and Syria. In most countries, these standards are applied
for residential dwellings and service buildings, except in
Africa and in some Asian countries, the standards most
often apply only to non-residential buildings [13].

This same study could also classify the countries
which have a thermal regulation of the compulsory,
voluntary, mixed and nonregulatory construction. The
classification in Fig. 3 shows the results found:
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Fig.3 Status of Building Energy Standards development and adop-
tion in 60 developing countries (emerging and graduated/NIC),
2010[13]

3.2 The application of thermal construction
regulations in the southern Mediterranean
countries

Similarly for the southern Mediterranean countries, most
of these have adopted regulatory or normative measures
for energy efficiency in buildings, as shown in Table 1:[1]

Developing countries are faced with various obstacles
that hinder the proper application of building thermal
standards and regulations. These obstacles are of several
kinds; in particular, level of economic development, com-
pliance and application.

On the other hand, we note from Table 1 that for certain
countries, such as Tunisia and Turkey, the application of

thermal regulation is compulsory, this encourages us to
dig to find out the efforts made by the governments of
these countries to allow compulsory application of this
regulatory system.

4 Research methodology

Although the word “Regulation” means all the normative,
legal and regulatory provisions making it possible to guide
the operation of a system to be applied and to complyina
compulsory manner with the requirements imposed, how-
ever, the aforementioned studies distinguish countries,
like Morocco, where thermal regulation of construction
is proposed and its application remains voluntary, while
other countries, like Tunisia, the application of this regula-
tion is compulsory.

This means, that the regulatory provisions imposed for
the systematic application of the RTCM in Morocco are
moderately lightened or even unlocked, which led us to
seek the real cause behind recent constructions which did
not apply this regulation.

To do this, we were led in our research methodology,
first, to make a comparison between the regulatory pro-
visions of two neighboring Mediterranean countries,
Morocco and Tunisia, characterized by a climatic rap-
prochement, in order to identify, on the one hand, the
actions and practices that have led Tunisia to the compul-
sory application of this regulation. On the other hand, the
obstacles to be overcome by the Moroccan government
and the decision-makers to achieve it.

The input elements of our comparative study will
be both the legislative and regulatory texts of the two
“Morocco-Tunisia” countries as well as the results of the
study carried out by the Moroccan Agency for Energy
Efficiency (AMEE) and the National Agency for Energy

Table 1 Thermal Regulation

Countr
in Southern Mediterranean y

State of regulation

Countries Jordan

Lebanon
Syria
Turkey
Algeria

Tunisia

Egypt

Thermal insulation standard in 1990

EE code in mandatory buildings (in the process of being adopted)
Thermal insulation standard in 2005, revised in 2010

EE code in mandatory buildings

Thermal insulation standard in 2000

Mandatory standard

Regulatory Technical Document (RTD) in 1996

Mandatory since 2000

Mandatory thermal regulation for offices in 2008

Mandatory thermal regulation for residential collective in 2009
Mandatory thermal insulation standard in 1998

EE code in buildings for residential compulsory in 2003

Code of EE in buildings for voluntary tertiary sector in 2005
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Management (ANME) in Tunisia aimed at strengthening
the application of the Thermal Regulation of Moroccan
Construction (RTCM) and the Thermal Regulation of Build-
ings in Tunisia (RTBT).

A broad consultation of stakeholders (decision-
makers, prescribers and professionals) through a
questionnaire, will allow us to elucidate the reasons
for the delay in the implementation of this RTCM, and
the skepticism of each other towards it, but above all
enrich this regulation for better adaptability to the
Moroccan context.

Before presenting the comparative data, we will briefly
present the two energy regulations of the two countries.

4.1 The moroccan construction thermal regulation
(RTCM) and its requirements

The Moroccan Thermal Construction Regulation (RTCM)
entered into force in November 2015, but its application is
still voluntary. It initially applies only to new buildings and
gives priority to the urban sector since energy consump-
tion in rural areas is generally low. In addition, the RTCM
covers the housing sector and tertiary buildings [1].

In the habitat the regulation targets all socio-economic
categories of buildings, namely:

e Economic;
e Standing.

For the tertiary sector, four segments are particularly
covered:

The hotels;

Administrative buildings (offices);

Buildings of education and higher education;
Hospitals.

For a better application of this regulation, the Moroccan
territory has been subdivided into homogeneous climatic
zones based on the analysis of climatic data recorded by
37 meteorological stations over the period of 1999-2008
(10 years). The construction of the zones was carried out
according to the criterion of the number of winter degree
days and the number of summer day’s degrees [1, 16].

Two types of zoning were established by the National
Meteorology Directorate (DMN) [1, 16]:

e Zoning based on heating degree days at 18°C;
e Zoning based on cooling degree days at 21° C.

The climate zoning works were carried out in close coor-
dination between the DMN and AMEE, with the support of
international expertise [1].

Table 2 Climate zones [2]

Zone 1 Agadir
Zone 2 Tanger
Zone 3 Fez

Zone 4 Ifrane
Zone 5 Marrakech
Zone 6 Errachidia

Légende

région

[ province
commune

I Zone 1

B Zone 2
Zone 3

B Zone 4
Zone S5
Zone 6

Fig.4 Morocco’s climate zoning adapted to Morocco’s Construc-
tion Thermal Regulation [2]

The 6 climate zones are listed in Table 2 and the final
zonation map includes the six climate zones shown in
Fig. 4 [2].

The thermal regulation of construction in Morocco
targets two sectors, residential and tertiary. The require-
ments of the first sector are the same for the different
socio-economic categories of the buildings, they differ
only from one climatic zone to another by fixing for each
zone the minimum technical specifications, namely the
rate of the bay windows, the minimum resistance of the
floors on the ground, the solar factor of glazing and the
thermal transmission coefficient of exposed roofs, exter-
nal walls and glazings [1, 2].

On the other hand, in the tertiary sector thermal regu-
lation specifically targets the four main branches of the
tertiary sector, namely [1, 2]:

Administrative buildings;
Schools;

Hospital buildings;
Hotels.
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As for the residential sector, the technical specifications
of the regulation for the tertiary sector and its impacts
are determined for each of the branches and each of the
zones, namely, the rate of the bay windows, the minimum
resistance of the floors on the ground, the solar factor of
the glazings and the thermal transmittance of exposed
roofs, exterior walls and glazing [1, 2].

4.2 The thermal regulation of buildings in Tunisia
(RTBT) and its requirements

The process of developing thermal regulation for build-
ings in Tunisia (RTBT) began with the phase of gathering
climate data throughout the Tunisian territory. This work
was piloted by the National Agency for Energy Manage-
ment (ANME) and the National Institute of Meteorology
(INM), it made it possible to establish a climatic zoning by
geographical division. This has given rise to two catego-
ries of zoning: a regulatory zoning and another known as
recommended.

The regulatory zoning distinguishes 3 climatic zones,
namely: ZT1 which contains the coast going from the gov-
ernorate of Bizerte to that of Gabés. The ZT2 which extends
over the North and the Offshore Center of the governorate
of Jendouba to the governorate of Gafsa. The ZT3 extends
over the governorates of Tozeur, Kébili and Tataouine. [17]

In addition, the recommended zoning has made it pos-
sible to define 10 climatic regions of optimal relevance
taking into account detailed climatic, administrative and
socio-economic considerations (method of construc-
tion, tenure, etc.). This zoning mode is used, among other
things, for the design and optimal sizing of heating and air
conditioning equipment as well as for the thermal optimi-
zation of construction. [17]

Several ministerial decrees are promulgated to accom-
pany these regulations aimed at fixing the minimum tech-
nical specifications for the saving of energy consumption,
both for construction and extension projects for residen-
tial buildings and for construction and extension projects.
office buildings. The other types of buildings (hospitals,
hotels and shopping centers) are gradually promulgated.

And in order to better support the thermal regulation
of new buildings, a Thermal Performance Label system by
type of building has been introduced in regulatory texts,
based on the annual energy needs related to thermal com-
fort (BECTh). Table 3 presents the label classes for new col-
lective residential buildings:

The support of the Tunisian government for the estab-
lishment and application of RTBT was also supported by
the subsidy of the following actions:

e Energy audit, program contracts and prior consultation;
e Cogeneration;
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Table 3 The label classes for new collective residential buildings
[17]

Building thermal performance
classes

Annual specific energy
requirements (BECTh) in kWh/

m? year
Classe 1 BECTh<36
Classe 2 36<BECTh<41
Classe 3 41<BECTh<46
Classe 4 46 <BECTh<51
Classe 5 51<BECTh<60
Classe 6 60<BECTh<72
Classe 7 72<BECTh<87
Classe 8 BECTh>87

¢ |Installation of benches for the diagnosis of vehicle
engines;

e The use of energy efficient equipment in public light-
ing;

e Heating of water through the use of solar energy in
homes and private businesses;

e The production of electricity from renewable energies;

e The substitution of energy by natural gas in the indus-
trial sector, the residential sector and the collective
public transport sector and any other operation aimed
at controlling energy [17].

4.3 Comparative study of the regulatory
requirements of Morocco and Tunisia
with regard to the energy performance
of buildings

In order to have a clearer visibility on the actions under-
taken by the two countries in order to encourage the
application of the thermal regulation of construction by
the various stakeholders, this part is established in the
form of a table (Table 4) summarizing the different com-
parative axes;

We see from the comparison table, that the two coun-
tries have started the same strategy to promote the appli-
cation of their regulations and the same requirements are
almost imposed by the two regulations, namely:

e The laws and regulations applicable in the matter;

e The creation of a national body to promote this strat-
eqy;

e The same enforcement target;

o The division of the country into climatic zoning, while
fixing the technical specifications for each zone;

o The availability of national software to verify compli-
ance with regulations;

e The obligation to carry out an energy audit;



Review Paper

SN Applied Sciences (2020) 2:1656 | https://doi.org/10.1007/542452-020-03367-w

"600T ‘6 A1BN1094 JO Z9E-600T "ON 9213 pue /-600T ON MeT]

palinbay
paiinbay
palinbay
palinbay
paiinbay
palinbay

[szldip
[£1],S2uU0Z d1eWIP O, Buluoz papuswwoday
,S9U0Z dl3ew||d €, bujuoz A1oye|nbay
:bujuoz jo salobayed ¢
[£1]°S 03 [enba Jo uey
SS9| SSB[2 JO [9A3] 9dUBWIO0HSd WNWIUIW e 10f Juswaiinbay
[¢] 401235 uequn
uoISuUIXa Ul buip|ing
Buip|ing maN

[£1] seouerdde
Jo buijaqge| pue bunesy pue HuluoIPUOD Jle JO UOIIdNPAY

9861 Ul JANY

(JWNY) 3uswabeue|y ABisu3 Joy Aousby |euorieN

‘[82] 0L0T A4enuer :asn |elpuapIsal 4oy sbulp|ing maN
‘800C

‘L 3snbny :9sn 9dYjo 40y sbuip|ing a1eAld pue dignd maN

‘(14.14) eisiun] ut sBuip|ing jo uone|nbal jeway |

‘[£2] sa1b1aud 3|qemaual wol) A1dD11IDID
J0 uopdnpoud sy 03 buneal ‘sL0Z/LL/S0 40 TL-SL0T . U me
‘uo3dWNSUOD UMO S} 1O SJUSWIYSI|
-qe3se Aq sa1b1aud sjgemauas wouy A31214329]3 Jo uondnpoid
juapuadapul ay3 03 bune|as 6002/20/60 4O L-6007 , U meT
usw
-abeuew Abiaua 03 buneal $00z/z0/80 40 Z/L-700T . U meT

uoned|idde jo a3ep syl pue sbuip|ing
610Z ‘T Ke|\ Jo 9t /-/1-Z "ON 93139Q 1o} 1pne AB1sus ue Jo uonebl|qo sy} 40y) 1591 A1oje|nbay

uo>dnisuod Jo QO.CG\SQWk |bWiay] ay) a]bpljosu0d 0] SUOIDOD 1Y) ' SIXD N\EB\GQEOU

palinbay buize|b jo , 54 410108} JRjOS
pasinbay (M/X ;W) punoib uo sI00} JO WNWIUIW Y
paiinbay (M W/M) Buize|b jo n
palinbay (M ;W/M) S|[eM J01I3IX3 JO N
paiinbay (M ;W/M) 54001 pasodxa jo n
paiinbay 9jes mopuim Aeq A9DL

suonpinbai z ayl Aq pasoduwis suoiIpIYI3dS [DIIUYI] € SIXD dAIIDIDAWOD)
[L] 3eAeulg suole|nbas jewayl Yum A|dwod 0} 3|ge|leAe Spew 91emyos

[1] seuoz d1ewipd 9

:AlobBayed buiuoz | buruoz arewi|d

1uawalinbai oN

[L] 401295 uequn
uoIsudIXa Ul bulp|ing
buipjing maN
[1]*'Bunesy
pue bujuonipuod Jie Jo uondnpai ay) 0} buneas Jusuod
-Wwo0d 3AI3de ue pue adojaAaua bulp|ing ay3 jo syuauodwod
9Y1 Jo uone|nsul ay3 03 bune|as Jusuodwod aAissed

[62] 910 Ul IINY
(uoneziueBio pjo ayl) 010T ul 33YIAY
(33WY) £Lousdyy3 ABisu3 10y Aousby ueddoion

sbulp|ing [el3uapisal 1oy pasinbai ssepd

19683 UO3ED| ddyY

uole|nbal sy jo asoding

K>uabe ay3 Jo uoleaId 33 JO 3ep Y|
uofiesiuebio [euonieu ajqisuodsay

*1e11J9) puUe |RIUSPISI 104 ‘S | 0T JSqWISAON
(INDLY) UOI31dNIISUOD URIDO0IO JO Uole|nNbal [eway} 3y
sbuipjing ur Awiouoa Ab1aua 4oy yiomawbiy £101p|nbay :z SIXD aA1IDIDAUIOD)

91ep A1
uone|nbai pajdde ay3 jo sweu sy

's91649Ud 9|gemaual 03 bule1 010Z/81/€0 JO 60-E1 . U MeT

‘oz

Kouadyys AB1sus 01 buneas | 10zZ/62/L L 40 60-L ;U meT sa3ep uonebnwoud Jiay) pue sme| paljddy

Aouaniya Abiaua 1o yiomawviy [pbaT] :| SIXD 2AILIDAWOD)

[ST vl eisiung

[€Z ‘L] 020010 sis3oweled A13unod

syuawaiinbai K101e|nB31 BISIUN[-02D010|\ USaMISQ Uosliedwo)) {3jqel

A SPRINGERNATURE journal

SN Applied Sciences



SN Applied Sciences (2020) 2:1656 | https://doi.org/10.1007/s42452-020-03367-w

Review Paper

[£1] uawdinba Hujood
pue Huiesay Jo 9310y> a9y} J0) SUOIIBPUSWIWOII SUIRIUOD
0S|e }| 'UOI1e|IJUSA |ein}eu Slenbape 1sow 3y} pue Swooi sy}
4O uollezjuebio Joud3ul Y3 ‘Bulp|ing Y3 JO UOIIRIUILIO pue
1noAe| ay} buisooyp 10} dIApe ‘Buisnoy JuaidYyya-A6Isus Jo
ubisap ay3 40y sapinb |ediydesd jo Louabe ayy Aq uonedijgng
"s1owloylad 359 9y} 199[3S 03 BISIUN| Ul Pash S|elsa1ew
pue sanbiuyda} uo13dNIISUOd Jo ‘AOUsby Y3 AQ JUBWSSISSY
1914
40 syuswialinbai ed1uyd33 Y3 yum A|dwod Aay3 usym sis
-dojanap Auadoid 03 panssi aq Ajuo |jim ywiad buipjing ayL
[£115002/S1/80 JO T8-S00C 'ON
me Ag sbuipjing ui Aouadyys ABisus ajowold o3 suonoe jo
Apisgns ay} pue walsAs Jusawasbeuew AB1aus ue Jo uoneasd
S92IA9P dduewoyad sood
Jo uoniqgiyoud anissaiboid ay3 03 bune|as 500z ‘sz 1990120
JO 9pes) pue A13snpul JO SISISIUIW S} JO 3349p Julof Y|

‘9seqejep a1emypos
J1VAVNIF Y3 91epdn 03 J9pJo Ul s|elalew buip|ing [e30)
JO SD13S1191DRIBYD [EWISY] 9Y3 JO UOIIRZIIDIDRIRYD )
0} bunejas 7|9 yum uonesoge||od u ‘ssaiboid ui 333fo.d
l67]
'sse|d ABisua dyidads ayy suyap Ajpuanbasgns pue si19zaaiy
pue sio3elablyai pjoyasnoy sadueldde buijaqe| Joj syusw
-24Inba1 Y3 5195 YdIym ‘Lo€ z L N soduerjdde pjoyasnoy
pue syonpoud [ed1153|9 1oy paepueys buljage| AB1aus sy
Buipn|dul ‘eale siy} Ul SpIEPUR)S UBIDIOIO|A JO UOIIII)
-|0> abue| e buiroadde Aqg suonenbas sayy buiAuedwoddy
‘Buiping
93 ojul pajesbajul Juswdinba pue uoi3dNIIsSUOd aAIssed Jo
PI2Y 9Y3 BuidA0d 911sgeam JNY Syl WOoJ) 3|qepeojumop
s|euolssaj04d 10j sapINb [ed13oeld [RI9ASS JO UOISINOI]
‘suone|nbas
yum sbuip|ing jo asueldwod ay3 BulAJLIaA 104 91ISgIM
JJNV Y3 uo abieyd Jo 9344 21eM}j0S deAeulg JO UOISINOI
‘YIW3 3Y3 ybNnoIY3 SS1HIOYINE [BIO] SE [|]9M SE ‘$309)
-1ydJe ‘sa1poq pue syuswiiedap d1gnd ‘suoijelspay 91e1sad
|eal jeuolssajo.d 110323S 9y} Ul SIapjoyayess [|e 1oy buures)
‘Juswdinbs pue ssoueldde JuspYd
-AB1aus jo bulpqge| AB1sua pue sduewlopad ABIsus wnw
-lulw 01 buneas ‘uonepijea Jo ssax0id Y3 Ul 32109p Yeip

sbuip|ing Jualdyya-A6iaus 03 uolyisuel)
93 abeinodua 0} suoijeziueblio g ay3 Aq 1IN0 paLLIed SUOIDY

uonedijdde jo a1ep
119431 pue s321A9p ABISUD JO |043U0D Y} 10} S1X3) A101e|nbay

[ST '] e1siung

[€Z ‘1] 0220101\

sia19weled £1Uno)

(panunuod) ¥ 3|qer

A SPRINGERNATURE journal

SN Applied Sciences



SN Applied Sciences (2020) 2:1656 | https://doi.org/10.1007/542452-020-03367-w

Review Paper

e The availability of other means for the popularization of
this regulation with interested parties, namely: guides,
training, and adoption of international standards to
support the application of all the requirements of the
regulations ...

However, we note a lag of up to 6 years both for the
date of application of the law on energy efficiency as for
the dates of application of the RTCM and RTBT as well
as for the dates of creation of organizations respective
national authorities in charge of these regulations.

We also note that Tunisia has already anticipated the
labelling of high-performance appliances and high-perfor-
mance constructions by assigning building thermal per-
formance classes. In addition, Tunisia also anticipated the
obligation of the energy audit by comparing it to Morocco,
and it also anticipated the homologation of the law requir-
ing the prohibition of energy-consuming devices, unlike
Morocco which is still in the phase of confirmation.

In fact, in the case of Tunisia, the regulations were
drawn up according to a global process based on broad
consultation with all the stakeholders and associated with
support and capacity building programs for designers,
operators and suppliers of insulation materials.

In general, the feedback from this country shows the
importance of the quality of the process of drafting the
regulation as a key factor in its effective applicability.

However, with the present process launched in
Morocco, the country is on the way to make up for the
delay compared to other countries which have imple-
mented compulsory thermal building regulations.

As well, thanks to the new strategic vision of Morocco
in terms of energy and the effective involvement of all the
actors concerned, including the promulgation of legal and
normative texts accompanying the implementation of this
regulation, Morocco will be able to catch up comfortably
for the next 3 years, the existing gap in comparison with
other countries where the application of their thermal
regulation is compulsory.

4.4 Survey of stakeholders in the construction
sector in Morocco

Despite the efforts made by the Moroccan government
since its launch in November 2015, the application of the
RTCM in our constructions is still timid, to even negligible.

From this observation, we were led to measure the real
cause behind this delay in integration and the constraints
that must be overcome, using a questionnaire that we sent
by email to specifiers and decision-makers in the building
sector, in order to first analyze the degree of their knowl-
edge and involvement in this regulatory process and also
to find out their recommendations and proposals for

deducing a tangible action plan capable of making the
application of this regulation compulsory and fluid with
all stakeholders.

The survey involves a sample of architects, design
offices, administrations and property developers, from
which we received a return of 85 responses/120 requests
sent. This questionnaire was developed using Google
forms and was sent to the persons concerned in the form
of the following link: https://forms.gle/8Xh4zCzbdmzgjgv
c7

The construction of our questionnaire was based on the
following criteria:

e The city of location;

e Measuring knowledge of the RTCM;

e The measurement of the application of RTCM in stud-
ies, prescriptions and current constructions. If not, the
reason preventing it from doing so;

e Recommendations to popularize the benefit regula-
tion;

o |dentify if its application should be compulsory or vol-
untary;

o Discern if the standards related to energy efficiency in
buildings are used in the specifications;

e Know if there are thermal simulation software that are
used in the studies;

e The desire to integrate thermal simulation tools into
the working software of specifiers;

e The desire to certify buildings with energy labels after
the application of the RTCM in the study and design
phase.

5 Results and discussions

Building sector decision-makers are most concerned with
applying the RTCM in future constructions, whether it be
specifiers such as architects, engineers or design offices,
whose role is to prescribe the technical specifications of
this regulation in the specifications and specifications, or
the administrations which have a bilateral role in the pre-
scription and execution, or even the property developers
who must execute the prescribed recommendations and
apply them in accordance;

The feedback received from architects was the majority
in the survey that we launched online and it represents
74.4% of founded feedback, since they are considered the
stakeholders most involved in the application of the RTCM,
such as shows the Fig. 5.

We also note following the analysis of the results of this
survey in the graph below (Fig. 6), that the returns received
more or less represent the 6 climatic zones delimited by
the regulation;
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Fig. 5 Distribution of founded returns by stakeholders
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Fig.7 Knowledge of the application of RTCM in Morocco
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Fig. 6 Distribution of founded returns by city

In addition, the Casablanca region represents the most
representative return, followed by Rabat and Fez, since
these 3 cities represent the meeting point for specifiers
and also, it is the segment which represents the massive
number of constructions carried out.

On the other hand, on examining the results and as
shown in the graph below (Fig. 7), we found that 73.5% of
the speakers addressed already know that the RTCM has
already been applied in Morocco since November 2015.

However, this percentage of knowledge of the provi-
sion of RTCM does not reflect its degree of application,
since the results of the survey show that 63.9% of prescrib-
ers do not apply RTCM in their studies and constructions
in comparison with 34.9% who apply it on a compulsory
basis and 1.2% of the applicators on a voluntary basis, as
shown in the graph below (Fig. 8);

According to the comments provided in the question-
naire, the main reason preventing them from applying the
RTCM is the additional cost which will ultimately affect the
consumer and since the competitors, not applying this
regulation, present more price offers interesting.
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Fig. 8 Application rate of RTCM in Morocco
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Fig. 9 The main obstacles to the application of the RTCM

Upon examination of the results represented in Fig. 9,
it can be seen that 41.4% of the causes which hamper
the application of the RTCM according to the prescribers
interviewed are due to the additional cost of the applica-
tion. For 31% of prescribers it is the difficulty of application
which is the main cause, and they suggest simplifying the
design process in accordance with the regulations. Finally,
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Formations
41,3%

Séminaires et
27,5%

Fig. 10 Prescribers suggestions for in-depth knowledge of RTCM

for 27.6% of prescribers the obstacle is linked to limited
knowledge of the mode of execution. The other causes
mentioned in the comments collected are:

e The high cost of building materials to provide thermal
insulation;

e A lack of sanctions mechanisms in the event of non-
compliance with the RTCM;

e The procedure for obtaining the building permit is
already quite slow and complex and the developers
remain very reluctant with regard to this regulation...
Added to this, the additional cost generated and the
unfavorable tax provisions...

Nevertheless, we asked the prescribers via the same
survey to provide us with their opinions to help popularize
the RTCM facilitate its application and make it mandatory.
The results of their suggestions are shown in Fig. 10 which
shows that the training component occupies the majority
percentage of 41.3%, followed by 31.3% of the responses
in favor of expert visits and awareness raising and finally
27.5% of opinions for communication via seminars and
congresses.

The results of the survey also show that 67.1% of pre-
scribers wish to have a compulsory application of the Ther-
mal Construction Regulations (RTCM) against 32.9% who
wish that its application remains voluntary, (Fig. 11).

Among the remarks provided with the results of the
survey, that concerning the objection to the application
of the RTCM in a compulsory manner, since the majority
of the speakers pretends that its application will have an
impact on the sale price and a additional cost for the end
customer.

In addition, the examination of the results of the investi-
gation showed a predominance of the use of the standards
relating to the thermal insulation of the buildings in the
specifications of prescription and during the phase of the
construction as the Fig. 12 shows it below:

Volontaire

Obligatoire

Fig. 11 Willingness to apply the RTCM: Mandatory or voluntary

Fig. 12 Use of standards relating to the thermal insulation of build-
ings in specifications

Non
90,2%

Fig. 13 Use of thermal simulation software in the study phase

In addition, the graph in Fig. 13 tells us about the
degree of use of thermal simulation software, namely:
TRNSYS, DESIGN BUILDER, IZUBA, VIRTUAL ENVIRONMENT
SOFTWARE,... by architects, engineers and design offices
in the phase of the realization of digital plans and thermal
simulation of buildings. It turns out that 90.2% of those
questioned do not use this software to make their studies
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areality. On the other hand, the remaining 9.8% explained
that their orientation will make it possible to better man-
age all these constraints in the same software regardless
of current standards in this area.

This is the reason why, we questioned them if they
wanted to take advantage of the existing on-board means
for the integration of thermal simulation and the technical
requirements of the RTCM in the practical side of the work
tools and calculation software used. (Autocad, Archicad,
Cype, Autodesk...) during the design and drawing phases
of project plans to comply with standards and regulatory
systems. In response as shown in Fig. 14, 82.5% of prescrib-
ers encourage this approach.

In addition, among the motivations expressed by the
prescribers during this survey to engage in this energy-
efficient orientation, we cite:

e Meet the requirements of energy efficiency since the

cost of energy continues to increase;

User well-being;

The need to comply with regulations;

Control of the construction process;

Long-term energy comfort, environmental respect and

sustainable development in general;

¢ Improvement of the technical performance and com-
fort of buildings while making savings on operating
costs, and improving the actions of citizens in favor of
the environment;

e Optimization of energy cost and better use of solar
energy.

In addition, we also asked the respondents if they
wanted to certify buildings applying the RTCM by existing
energy efficiency labels in Morocco, namely BREAM, LEED,
HQE... 80.5% of the responses affirmed their approval
(Fig. 15).

Non

17,5%

82,5%

Fig. 14 Willingness to integrate regulatory systems into the work-
ing tools of prescribers
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Fig. 15 Willingness to certify buildings with Eco-labels after the
application of the RTCM

e General suggestions and remarks made by the respond-
ents:

e Encourage the use of more efficient, innovative and
above all inexpensive building materials and popular-
ize them, because the construction industry, the men-
tality of promoters as well as consumers resists these
products in Morocco;

e Reinforce the study by improving all aspects of comfort
in housing in Morocco and not only the thermal com-
ponent, namely the acoustic component, ventilation,
hygiene (mold, humidity);

e Sensitize Architects, Engineers, Promoters, Citizens...
on the RTCM, and require it for building authorization
request files;

e Have a library of materials, standards, costs, products
related to the subject in order to better facilitate stud-
ies of this kind;

e Adaptation of these regulations to the Moroccan con-
text;

o Make these labels known to the territorial administra-
tion;

e Seize and inform the State departments, the territo-
rial collectivities, the design offices on this subject and
integrate this regulation in the schools of training of
the technicians and engineers...;

e Review the RTCM so as to integrate all types of build-
ings including renovations, process thermal bridges in
its Binayate software and also review all this software
which remains very limited....;

e Inorder to generalize the application of the RTCM, the
State should introduce incentive measures such as sub-
sidies....;

e Controlling well the contributions after construction
and checking the level of efficiency and its control over
time by a periodic control system;

o Efficiency labels will have to take into account climate
change as well as geographic location;
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e A popularization of RTCM is mandatory and the dem-
onstration of direct gains in terms of cost related to its
application;

e The market is not yet ready for the application of the
RTCM from the point of view of construction materials,
the culture of citizens and even for the cost compared to
self-construction;

e Raise awareness and train all stakeholders, especially
businesses;

o Limitation of certifying constructions just for the applica-
tion of the RTCM, because the latter is only one pre-requi-
site among others and certification entails an additional
cost that the promoters are not ready to pay at present;

e The RTCM has focused energy efficiency on insulation
only, while other aspects are not yet addressed in this
regulation;

o All stakeholders must think of a policy that does not
hurt anyone and if there is a need for a real awareness
campaign, it is with promoters that they should be car-
ried out instead;

e Itis necessary to require compliance with this regula-
tion and to carry out checks as the Court of Auditors
does for budgets;

e To apply this regulation we must change the way we
urbanize our spaces;

o Certificates to be requested from the promoter at the
time of the sale... (such as the technical inspection
centers which are required by the state for the vehicle
fleet).

6 Perspective of the next work

After the assembly of key data to identify the needs of
decision makers in the construction sector from the sur-
vey sent, we then plan to integrate the requirements of the
RTCM into their working tools allowing a better thermal
simulation of the building, namely the choice of the sec-
tor, the choice of the climatic zone and its requirements
in terms of technical data (TGBV bay window rate, U of
exposed roofs, U of exterior walls,...) the standards to be
required during construction, the choice of the most suit-
able construction materials for each zone according to
their thermal conductivities, etc.

This research perspective will allow a practical applica-
tion of the requirements of the RTCM and even a labeling
of the building in the future.

6.1 Example of the standards to be included
in numerical simulation tools for thermally
insulated buildings

The Moroccan collection of standards published by the
Moroccan Institute for Standardization (IMANOR) is around

15,000 standards that are constantly evolving, a large part
of which is devoted to the thermal comfort of the building.
We cite as an example the following standards [18]:

NM 19.7.003 2010 Thermal insulation products for build-
ings - Manufactured products of expanded polystyrene
(EPS)-Specifications

NM EN 13164 2011 Thermal insulating products for
buildings - Manufactured products from extruded poly-
styrene foam (XPS)-Specification

NM 19.7.005 2010 Thermal insulating products for build-
ings - Manufactured products made of rigid polyurethane
foam (PUR)-Specifications

NM 19.7.006 2010 Thermal insulating products for build-
ings - Manufactured products made of phenolic foam
(PF)-Specifications

NM 19.7.007 2010 Thermal insulating products
for buildings - Manufactured cellular glass (CG)
products-Specifications

NM 19.7.008 2010 Thermal insulating products for
buildings - Manufactured products made of wood wool
(WW)-Specifications

NM EN 13169 2012 Building thermal insulation
products - Expanded perlite manufactured products
(EPB)-Specifications.

6.2 Insulating materials adapted to the RTCM

The Thermal Construction Regulation in Morocco (RTCM)
provides a pragmatic solution to the problem of excessive
energy consumption in the building sector, whether resi-
dential or tertiary, and this mainly at the level of the pas-
sive component by using insulating materials known by a
low thermal conductivity adapted to each climatic zone.

The integration of these insulating building materials
will significantly reduce the need for air conditioning and
heating. This reduction alone covers 50% of energy sav-
ings. Figure 16 is a study on the southern Mediterranean
region over the period 2010-2030 which shows that we
can gain 35% in heating and 14% in air conditioning [1] if
we apply an efficient envelope and an appropriate ther-
mal insulation to using insulating materials ensuring low
thermal inertia. (Figure 17)

Good thermal insulation refers to good insulating
material introduced into the building envelope to gain air
conditioning and heating. Insulation materials are usually
listed in four families. This classification is made according
to their natures and origins [2]:

Examples of mineral insulators with their conductivity
(W/m K):

e Glass wool: 0.03-0.045
e Rockwool: 0.032-0.04.
e Cellular glass: 0.035-0.048.
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Fig. 16 Structure of energy efficiency potential in the southern
Mediterranean region over the period 2010-2030 [1]

organics

New
generatio
n

Fig. 17 Families of insulating materials

Perlite: 0.045-0.06.
Vermiculite: 0.045-0.08.
Expanded clay: 0.09-0.16.
Pozzolan: 0.1-0.2

Examples of organic insulators with their conductivity
(W/m K):

Cork: 0.032-0.045.

Wood fiber: 0.037-0.049.
Cotton wool: 0.037-0.042.

Linen wool: 0.037-0.042.
Cellulose wadding: 0.037-0.044.
Hemp: 0.04-0.046.

The coconut fiber: 0.037-0.050.
The chenevotte: 0.048-0.06.
Sheep’s wool: 0.035-0.042.
Duck feather: 0.033-0.042.

SN Applied Sciences

A SPRINGERNATURE journal

Examples of synthetic insulators with their conductivity
(W/m K):

Expanded polystyrene: 0.029-0.035.
Extruded polystyrene: 0.028-0.037.
Polyurethane: 0.022-0.030.
Phenolic foam: 0.018-0.035.

Examples of new generation insulators with their conduc-
tivity (W/m K):

e Airgel foam:0.011 to 0.013.
e Insulating panels: 0.0042 to 0.0050.

Beyond the insulation materials whose main role in a
construction is to improve the thermal performance of the
walls, it was recently developed materials originally used
to ensure the structure of the building, with improved
thermal performance. This allows these building materi-
als to also provide an insulation function. For example:

e Hemp brick: 0.048-0.06.

e Cellular concrete: 0.035.

e Single-brick: 0.12 to 0.18 to 0.07 if the cells are filled
with an insulator;
Agglo monomur in pumice stone: 0.09-0.12.

e Foam concrete: 0.07-0.20.

In connection with this type of materials, several studies
have been developed to study the possibility of substitu-
tion or incorporation of the results of this research into
conventional building materials in order to have ecological
and energy-efficient buildings.

In this context, the article by Rahim and all. 2017 [19]
presented the results of the testing of a new concrete
based on hemp and rapeseed, these materials have shown
a certain response to the requirements of the RTCM given
their low thermal conductivity which is around 0.12 and
0.09 W/mK for hemp and rapeseed respectively.

And in Bourhaneddine Haba's thesis, 2017 [20], the
author investigated the effect of adding date palm wood
in concrete, the results showed that the dry thermal con-
ductivity of date palm concrete is lower at 0.3 W m™ K.
However, despite the fact that this type of concrete has
a low thermal conductivity, the problem of hygrometry
“Rapid absorption of water” blocks their widened use until
today, since this phenomenon influences the mechanical
resistance of the final product.

On the other hand, the article by “Cinzia Buratti, Elisa
Moretti, Elisa Belloni, Fabrizio Agosti”[21] studied the use
of innovative insulation panels based on natural basalt
fibers.
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After having measured the thermal conductivity of this
type of panel, which is between 0.030 and 0.034 W/m K.
Compared with other traditional solutions such as rock
wool or glass wool, this mineral material will be a good
insulation solution that meets both the sanitary and
mechanical requirements of the required construction
products.

As well, the authors “F. Asdrubali, AL Pisello, F.
D'Alessandro, F. Bianchi, M. Cornicchia, C. Fabiani” [22]
developed in their article tests on the thermal and acoustic
performances of the panels of corrugated cardboard com-
monly used in the packaging industry. The results show
that this type of cardboard panels offers promising perfor-
mance in terms of acoustic and thermal insulation capac-
ity, slightly lower than the insulation panels commonly
used. The test results showed that matching samples of
C flute of 50 and 75 mm have a thermal conductivity of
0.053+0.001 W/mK and matching samples of E flute have
slightly different A, both within their limits. maximum per-
missible errors, namely 0.058+0.001 and 0.060+0.001 W/
mK, respectively for 50 and 75 mm.

7 Conclusion

This article first addresses the energy consumption that
occupies the building sector at the global level, the south-
ern Mediterranean region and Morocco. This majority
energy consumption linked to the building sector calls for
commitments made by several countries in order to find
radical solutions to the problem of the high cost of energy
bills linked mainly to air conditioning and heating, which
alone occupy almost 50% of the building. overall energy
consumption of the building.

Among the commitments made by several countries,
we find the regulation of the building sector, more specifi-
cally the energy component. Morocco is also committed
to this approach by setting up the Moroccan Construction
Thermal Regulation (RTCM), in order to guarantee energy
efficient buildings.

Despite the entry into force of the RTCM in November
2015, its application is still voluntary. This led us to carry
out a comparative study between the requirements of the
thermal regulations of the two neighboring countries,
characterized by a climatic approximation and whose
regulations are both voluntary and compulsory simulta-
neously, namely Morocco and Tunisia.

From the input and output data of the comparisons
made, it appears that Morocco is on the way to catching
up with other countries that have implemented manda-
tory thermal building regulations. This delay is mainly due
to a delay in the years of promulgation of the implement-
ing regulatory texts.

In addition, and in order to consolidate our study, we
carried out an online survey that we sent to decision-mak-
ers in the building sector in order to know, analyze and
study their requirements and recommendations and to
know the real cause that hinders the mandatory applica-
tion. of the RTCM.

The perspective of the next work will consist above all
in consolidating the suggestions proposed by the pre-
scribers questioned. And this by:

First of all, the provision of the elements necessary to
supply even more powerful work software for good ther-
mal simulation, the approach of which will be developed
in the next article. Or, by producing a guide in collabora-
tion with IMANOR and AMEE encompassing the norma-
tive and regulatory devices to be taken into account in
the study and design phases of buildings responding to
the RTCM.

Then, by analyzing the actions that must be carried out
by the state in terms of awareness, training in the field of
energy-efficient construction, control and verification of
compliance with the application of this regulation, prom-
ulgation of sanctioning regulatory texts, monitoring of the
building permits filed and the data of the results of site
inspections, the actions of subsidies to be set up, labeling,
etc.
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