Sustainable Energy

and Climate Action

Planfor Monastir
Municipality

December 2019

11111



SECAP for the Municipality of Monastir

This Sustainable Energy and Climate Action Plan has been developBdyhl
Scientific Society (RSS) /National Energy Research Center (Ni6R@§) The MENA

Region Initiative As a Model of NEXUS Approach and Renewable Energy Technologies
(MINARETproject.

LSIall Lalal Eimad)
Royal Scientific Society

For Jordan, since 1970 * 14V- lia gbgoll dass (&

RSS/NER@nd MinaRET projecivould like to deeply thank the Municipty of
Monastirfor their continuous support and contribution.

2| Page



SECAP for the Municipality of Monastir

Table of Contents

LISt Of TADIES. ... ..o e 8
LISt Of FIQUIES. ... eeieee ettt e e e r e e e s e eeeeeas 11
LiSt Of ADDIEVIALIONS.......cooiiiiiiiii e 12
EXECULIVE STIMAIY......ciiiiiiie e e e e e e e e e e e e e e e aaaeaaaaeaaeaas 13
Chapter L:  INtrOAUCHION..........coee e e e e e e e e e e e e aaaeaas 19
1.1 MoNaStr 2030 TaANQELS. ....cciiiiiieiiee et e e e e e 19
1.2 CUIMENTE SEALUS ...t e e e e e e e e e e e e e e e e e s s 19
1.2.1 Geographical I0CAtIAN........c..vviiiiee e 19
1.2.1  Climate CharaCteriStiCS.........uuiiiiuriieiiiiiie ettt 21
1.2.2 DemographiC teNAENCIES........ccccoiceer e 27
1.2.3 EMPIOYMENT ... 27
1.2.4  EQUCALION ...ttt s e e e e e st e e e e e aane 28
1.2.5 INFrASIIUCTUNES. ... 28
1.2.6 ECONOMY L. e e e 28
1.2.7 Complementariy with municipal and national plans and other related actions
1.3 Vision fOr the fULUIE.........oviiiiiie e 29
1.4  Organizational and financial aSPECLS...........cceeeiiiiiiiiiieie e 29
1.4.1  Coordination with national and local authorities...............cccccooiivveeennns 29
1.4.2  Adaptation of administrative StruCtUres. ..........cccoeeivviriiienriiiiiiiieee s 30
1.4.3 Involvement of stakeholders and CitiZens...........cccocvvveiiiieeeiiiiiee s 30
1.4.4  Budgetc SECAP finanCing SOUICES..........coooeeieiiieiccccecnivnrevverveee e 30
Chapter 2:  Baseline Emission Inventory (BEI)..............ccoooiiiiiiiiiiiiiiiiiiieeeeeeeeeee 31
2.1 BEIMethOUOIOgY........uueeiieeiiiiiiiie ettt 31
211 BaSEINE YEAI.......uiiiiiiii i 31
2.1.2  SECABAMINIStrative DOAY............cooiiiiiiiiiiiiieiie s 31
2.1.3  Sectors to be included in the BEL..............ccoveiiiiiiiniiec e 31
2.1.4  Emission factors and CONVErsioN rates...........ccccvveervieeeiniiineesnineeennanns 32
2.2 Energy CONSUMPLION ....ccoiiiiiei ettt e e e e e e e e e e e e aaaaaeeeeas 32
2.2.1 Municipal Buildings & FacCilities ...........ccuviiiiiiiiiiiiieiee e 33
222 Municipal public Ighting ........ccuvvviiii e 33
2.2.3 Residential BUildiNgS .........ceviiiiiiiiiiiiecc e 33
2.2.4  Tertiary Buildings, Equipment & Facilities..................coooe i 35

3| Page



SECAP for the Municipality of Monastir

225 Buil dingsdé & f.ac.i.l.i.t.i.e.s..Syno.ps.i¥

2.2.6 INAUSTIIAI SECLOT ....eiiiiiiiieeie e 38
2.2.7  TranSPOIt SECION .ccvuvviriiiiiii e e ee ettt e e e e e e e e e e e e e e eeaarne s 39
2.2.7 Final Energy Consumption .............cooooiiiiiiiiiiccccccccceee e 44
2.3 Local electriCity ProdUCHION...........uuuuiiiiiiiiiiieiieeeieee e e e e e e e e 46
2.4 CO2LIMISSIONS ...eeeeeeiiiiiitteteee e e et e e e e e e s s b et e e e e s s sann e et e e e e aannrereeeeesaannrrnneeeeenas 46
241 Energy related €mMISSIONS ........coiiiiiiiiiiiiiiece e 46
24.2 Non energy related emISSIANS...........oiiiiiiiiiiiiiee e 47
2.1.5  FiNal CQ EMISSIONS. ......uvtiiiiiiieiiiiie ettt 51
22 Resul t s6 Graphi.c.al. . .Anal.y.si.s...... 52
Chapter 3:  SECAP ACHONS.......oi it e e e e e e e e e aaaaaaas 54
3.1 Target fOr 2030, ...cueieeeieeiieiiiii et e e 54
3.2 MunicipalBuildings, EQUIpDMENt/FACIlItIES..........ccvvviiiieiiiiiieecee e 55
3.2.1  Green procurement procedures for municipal buildings............cccc.c...... h6
3.2.2 Energy manager appointment in the municipality.............ccccccvvvvvevnnennee. 56
3.2.3  Awareness raising activities for municipal employees...........ccccuvvveeeeee. 57

3.2.4  Strict application of green building codes in new municipal buildings...58

3.25 Efficient MunicipaBuildingS..........cooiiiiiiiiieiiecee e 58
3.2.6 Promotion of RECYCING.......cooiiiiiiiiieiieee e 59
3.2.7 Waste ManagemMENT.........coouiiiieiiee e e et e e e e eeee 59
3.2.8 INStall 3 MW PV plant........cuiiiiiiiiiiieiieeee e 60
3.2.9 Establishment of Energy Saving Department...........cccccccvvvvvvvnvvveeeenenen. 61
3.2.10 Social media portal Creation.............couiiuiiriieee e 61
3.3 Municipal PUBIC LIGNtiNG.......ccooiiiiiiiiiiiieeeeiiiieeee i) 62
3.31 Street lighting upgrade.............ovvvi i 62
3.3.2  ASHrONOMICAI IMEIS....cciiiiiiiiiiiie e 63
3.3.3  Green procurement procedures for future lighting.............ccccvvvvevveennen. 63
3.4  Residential BUIldiNgS........ccccooiiiiiiiiiiiiiiiiieeeieee e ee e 64
3.4.1  Awareness raising activities for activities for the community about (REGHEE)
342 t NRBY2GA2Y 2F DNBSY.... dzA £ . RAY.3.EA.Q...068y OS LJi
3.4.3  Campaign for promoting high energy label equipment.......................... 66
3.4.4  Replacement of existing lamps with LED lamps.......ccccccovviiiiiiinn 67
345 Replacement of existing ajrconditioners with more efficient ones.......... 68
3.4.6 Building envelope improvementiféhe exisiting buildings............c...u...... 68



SECAP for the Municipality of Monastir

3.4.7 Replacing 10% of inefficient NG boilers with efficient condensing boile#9

3.4.8 6.6 MW Photovoltaics in residential rooftaps..........ccccvveeiiiiiiinieeeeeninns 69
3.4.9 Replacing existing water heaters with solar water heaterss..................Z0
R T = T4 (=T VRS Y= (] S 71
3.5.1 Putin place the recommendations of the audits and contracts programs in
tNE TEITIANY SECTION. ... e e e e e 71
3.5.2 7.5 MWp PhotovoltaiCs in rOOftORS ......cvvveeiiiiiieieee e 72
3.5.3 Upgrade Water FacCilities..............ooooiiiiiicciciinnneieereereeereneeeeeeaeee o A 3
3.5.4  Using of Solar Water HEeaters...........ccccuvivriiiiiiiiiiiiiiieeieereeceee e aaa e 74
355 DeVeElOP ECHOUINSIM ... ..ccci i e e e e e e e e e e e e e e e e e e e 75
3.6 INAUSTIAI SECIO......ciiiiiiieiiee et 75
3.6.1  Implement the recommendations of audits and contract programs ANME for
INAUSEHAL UNITS.....ceiiiiiiiiii e d D
3.6.2 Install 4.6 MW photovoltaic systemstime industrial sector..................... 76
T A I = 1 015 o o AP URPUPPTPPRPR Y & 4

3.7.1  Carry out an audit of the municipality's fleet of vehicles and implement the
actions recommended through a program CONtract...........cccccvvvvrvvverreeeeeeeeeeeeeens. 78

3.7.2  Set up a management unit for the fleet of vehicles of the municipality..78

3.7.3 Restructuring and strengthening vehicle maintenance................cc........ 79
3.7.4  Train drivers ifeCO AriVING.......uueeeiiiiiiiiieiee e s e s e 80
3.75 Improve the process of acquiring new Vehicles...........cccccoviineeeeennnnd 80

3.7.6  Carry out an Urban Mobility Plan and set up the actions recommended by the
PDU 81

3.7.7  Transfer of taxi stations and regulation of taxi traffic............................. 82
3.7.8 Improve the city buS NEWOIK...........ooiiiiiiiiiiie e 83

3.7.9 Implement the recommendations of audits and contract programs ANME for
the STS.83

3.7.10 Raise public awareness of public tranSPOLt..........ccvvvviveveeieeeiieiieeeeeeeeen. 84
3.7.11 Improve and secure pedestrian routes and paths...........ccccccceeeeeennnl. 85
3.7.12 Improve and secure bike paths..........cccccoiiii 85
3.7.13 Improvement / development of parking infrastructure...............ccccuvveee.n. 86

3.7.14 Transfer all government departments and institutions to one complex near to
the population centers in the City..............ueeiieiii e 86

3.7.15 Building vehicle crossing lines with the railway to facilitate local
L= T g IS oTo] ¢ r= Ui [0 o PR P OO PPPP PRI 87

3.7.16 Establishingentral markets near dense residential areas..................... 87



SECAP for the Municipality of Monastir

3.7.17 Promotion of using schools buses rather than private cars................... 88
3.7.18 Regulating Cargo vehicles work in the City...........cooccvverieerriniiiiieeeeenns 88
3.7.19 Replacing 5% of the existing Taxi vehicles with electric vehicles.......... 89
3.7.20 Information events orthe new vehicle technologies...................ccceunns 89
3.8 AQFCUIUIE SECIAL.......ccco i e e e e e e e e e e e e e 90
381 Planting trees (inCreasing gre€n areas).........cccceeeeurrrreeeeessnnreneeeeeenannes 90
39 1 O0A2YAQ. NDBSNIBAS S oo, 90
0 O B Y/ [ a1 ] [ o T PP PP PPPPP U PPPPPPRRPN 94
Chapter 4:  Adaptation to climate change..............coooceiiciiiee e 100
4.1  Introduction on climate change impact..........ccccceeeee s 100
4.2  Climate data for TUNISIAL........ccueiiiiiiiieiiee e 105
4.3  Expected Climate Changes for TUNISIA...........ccuvrriieeiiriiiiiiiee e 105
4.4  Adaptation SCOrEDOAI.........ccoiiiiiiiiiiiiee e 106
4.5 Risk Assessment and Vulnerability ANalysSiS.........eeveevieeiiiiiieiiiiiiiiiii, 107
4.6 Adaptation ACHONS........uuiuiiiiiiiiiiiiiiirrr e e e e e ee e e e e e e e e e ee e e e e s e e e s s e e s s e s aanaane 118
4.6.1  Public Health.........oooiiiiiii e 118
4.6.2 INFrASTUCTUIE. ... 120
4.6.3 BUIlt ENVIFONMENL.....oiiiiiiiiiiiiiie e 123
4.6.4 ECONOMY .. 125
4.6.5 BIOIVEISItY . ceeiiiiiiieeeee e 126
RETEIBNCES. ... e 128

6| Page



SECAP for the Municipality of Monastir

7| Page



SECAP for the Municipality of Monastir

List of Tables

Tablel: summary of the mitigation actions..............ccoocciiiiiiciiiiii e 15
Table 2: Emission Factors & Conversion Rates..........ccoooevviiiiiiiii e 32
Table 3: Total Energy CONSUMPLION PEI SECLOL........ceiiiiiiiiiieeeeeiiiiieee e e e e e 32
Table 4:Annual NG (Lowpressure) consumption for Monaster district 2Q16............... 34
Table 5:Total energy consumption in the residential SECLOL...........cccevvviiiiiiiiieeeeeennn.n. 34
Table 6 Energy consumption in tertiary sector per type ofsabtor................ccvvvveeeennns 36
Table 7 Annual NG (Medium pressure) consumption for Monastir disk015/2016......38
Table 8 Annual Energy Consumption in Municipal fleet of Monastir.................ccce..... 39
Table 9 Energy Consumption in Rail transportation within Monastir Municipality borders
2 0 USSR 39
Table 10 Energy consumption in Public Transport within Monastir municipality borddf
Table 11:Energy consumption in Private and Commercial Transport...........cvvvvvveeeee 41
Table 12 Energy consumption in Local Ferries TranSport........ccccccvveveeeriniiiiieeeeeennnns 42
Table 13:Total energy consumption for transportation sector within Monastir nipadity
o0} (0 [T 3PS 42
Table 14:Total Energy Consumption in Monastir muniCipality...........ccccveeeriiiiuiieeeee. 44
Table 15 Solid waste composition in Monastir, 2016............cccceeeeeiieeii e, 48
Table 16 Waste Emissions Calculation factQrs...........cccceeeee i 48
Table 17 sewage Emissions Calculation factors.............uuvvvivieiieiieiiiiniiiiiiiiiieeeeeeeeeeen, 50
Table 18 Number of heads and emission factor for livestock breeifirigonastir
IMUNICIPAIIEY c t et e e e e e e e e e e e e e e e e b e e e e e e e e ennnnees 50
Table 19 Total CQeq emissions for Monastir Municipality............cccccevviiiieeneeenniiinne, 51
Table 20 Actions in Municipal Buildings, Equipment/FacilitieS.........cccccccvvvviviiinnnnn.n. 55
Table 21: Action 1.1 iN NUMDELS........coiiiiiee e r e e e e e e eeeeas 56
Table 22: Action 1.2 iN NUMDEES ......civiiiee e e e e e e e e e e e aaeeas 56
Table 23: Action 1.3 IN NUMDELS........couiiiiiiie et 57
Table 24: Action 1.4 iN NUMDELS.........ooiiiie e e e e e e e e e e e 58
Table 25: Action 1.5 N NUMDELS.........coiiiii i e e 59
Table 26: Action 1.6 IN NUMDELS.........c.uiiiiiie e e e 59
Table 27: ACtion 1.7 iN NUMDELS.........ciiiiie e e e e e e e e 60
Table 28: Action 1.8 IN NUMDEIS.........cuuiiiiiie e 61
Table 29: Action 1.9 IN NUMDELS.........cuuiiiiii e e e e e 61
Table 30: Action 1.20 iN NUMBDELS ........uuiiiiiiiiiiiiiiireeeeiee e e e e e e e e e ennes 62
Table 31: Actions in Municipal Public Lighting...........ccccocuiiiimiiiiiiiiiiicccceeceeeeeeeeeeeee, 62
Table 32: ACtion 2.1 IN NUMDELS.........ciiiiiiii e e e e 62
Table 33: ACtion 2.2 IN NUMDEES........ciiieii e e e e e e e e 63
Table 34: ACtiON 2. BNUMDEIS......oiiiieeeeeee e e e e e 64
Table 35: Actions in Residential Buildings............cciiiiiiiiiiii e 64
Table 36: Action 3.1 iN NUMDELS.........coiiiie e e e e e e 65
Table 37: Action 3.2 IN NUMDEES ......oiiiiiee e e e e e e e e e e e e eeas 66
Table 38: Action 3.3 IN NUMDELS........ooiiiiieee e e 67
Table 39: Action 3.4 IN NUMDELS..........ooeiie e a e e e 67
Table 40: Action 3.5 1N NUMDELS.........ooiiiieee e 68

8| Page



SECAP for the Municipality of Monastir

Table 41: Action 3.6 IN NUMDELS..........oooiiiie e a e 68
Table 42: ACION 3.7 IN NUMDEES. ....uuii it e e e e e e e e e e ar s 69
Table 43: ACION 3.8 IN NUMDELS......uiiiii e e e e e e e ar s 70
Table 44: Action 3.9 IN NUMDELS..........oooiii e a e 70
Table 45Actions in Tertiary Sector BUildiNgS..........coooiiiiiiiiireeiiieeceee e 71
Table 46: ACtION 4.1 IN NUMDEES. ....uuii e e e e e e e e e e e ar s 72
Table 47: ACtion 4.2 IN NUMDELS..........ooviie e a e 73
Table 48: ACtION 4.3 IN NUMDEES. .. .uuuii it e et e e e e e e e e e e ar s 73
Table 49: ACION 4.4 IN NUMDEES. ....uuii e e e e e e e e e e e ar e s 74
Table 50: ACtion 4.5 IN NUMDELS.........coooiii e 75
Table 51: ACtION BN NUMDEIS......uuiiii e e e e e e e ar s 76
Table 52: ACtion 5.2 IN NUMDELS.........cooiiiii e e e 77
Table 53ACtiONS IN TraNSPOLL........cooeei e e e e aaaaaaaeeas 77
Table 54: ACtiON B.iN NUMDEIS.......uiiii e e e e e e e e e e er s 78
Table 55: ACtion 6.2 IN NUMDELS..........oooiiii e e e 79
Table 56: ACtion 6.3 IN NUMDEES.......ccciiiiii e e e e 80
Table 57: ACION 6.4 IN NUMDEES. .....uiiii e e e e e e e e er s 80
Table 58: ACtion 6.5 IN NUMDELS..........ooooiiii e 81
Table 59: ACtion 6.6 IN NUMDELS..........ooooiiii e 82
Table 60: ACLION 6.7 IN NUMDEES. .. ..uiiii e e e e e e e e e er s 83
Table 61: ACtion 6.8 IN NUMDELS..........oooiii i 83
Table 62: ACtion 6.9 IN NUMDELS..........ooooiiiiii e 84
Table 63: ACtion 6.10 iN NUMDELS ......ccouiiiiiee e e e e e e e e e e eeeeaenes 85
Table 64 ACtiON 6.11 iN NUMDEIS... ... 85
Table 65: ACtion 6.12 IN NUMDELS..........uuiiiiiiiiiiiiiiieeeeee e 86
Table 66: ACtion 6.13 IN NUMDELS .......oouiiiiiee e e e e e e e e eeaaens 86
Table 67: ACtion 6.14 IN NUMDELS..........uuiiiiiiiiiiiiieeee e 87
Table 68: ACtion 6.15 IN NUMDELS..........uuiiiiiiiiiiiiieeeeeeee e 87
Table 69: ACtion 6.16 iN NUMDELS .......couiiiiiiee e e e e e e eeeeaaens 88
Table 70: ACtion 6.17 IN NUMDELS.........uuuiiiiiiiiiiiiiieeee e 88
Table 71: Action 6.18 IN NUMDELS..........uuiiiiiiiiiiiiiieeeeeee e 88
Table 72: ACtion 6.19 iN NUMDELS .......oouiiiiiee e e e e e e e e eeaaens 89
Table 73: Action 6.20 IN NUMDELS..........uuiiiiiiiiiiiieeeee e 89
Table74: ACtion 7.1 iN NUMDEIS. ......uiiiiii e e e e e Q0
Table75: Summary of the mitigation actionS............cccooiiiiiiieiiiii e 90
Tabler c Y a4dzZ33SaGSR AYyRAOI (2 NA..0.2..Y.2).A.0.2.92
Table 77: Climate data for TUNIS, TUNISIA.........oivieuiiiiii e e e e e e eea s 105
Table 78: Tunig Tunisia region Average Wind SPEEeM...........coeeviiiiiririieeeeriiiiiiieeeeennns 105
¢FrofS 1Y adzyAOALN t Al & Spkcifid SepINSECARtempl&ted0o6! R LIG I G A
Table 80: Climate Hazard TYPES.......ccuuviieeeiiiiiiiie ettt 107
Table 81: Suggested template for the Vulnerability analysis (based on the Future Cities
Adaptation CompPass t00])........cooeiiiiiiiii e 109
Table 82: Suggested template for the risk assessment..............cccccceevcininiiiiinnnnnen. 115
Table 83: Suggested adaptatiaations for population and public health..................... 119
Table 84: Suggested adaptation actions for infrastructure...............ccccooeeeiiiiiiiiineees 120



SECAP for the Municipality of Monastir

Table 85: Suggested adaptation actions for built environment.................................. 123
Table 86: Suggested adaptation actions for eConNOMmMy..........cccoeeeeeeeiiieiiiiiieciicceene 125
Table 87: Suggested adaptation actions foldbiersity............ccccceeevicciiieeee e, 126

10| Page



SECAP for the Municipality of Monastir

List of Figures

Figure 1 Energy consumption per sectorMonastir Municipality............ccccccvvveeeeinnnnne 14
Figure 2 Energy consumption per sector and per fuel................cccccc e, 14
Figure 3: Total G@MISSIONS PEI SECIOL.........uuiiiieeeiiiiiiiiee e e e 15
FIgUIe 4 MONASHT IMBID. ....coiieiieei et e e e e e e e e e e e r e e e e e e 20
Figure BRibat Of MONASL.........cooi i 21
FIQUIE Bttt e e e e e e e e e e e s e e e e e e e e e e e e e e aann 21
[0 U] PSP PPPPPPRPPR 22
T T (== TP 22
FIQUIE Q.. e e e e e e e e e e e e e e e e e e 23
FIQUIE 0. ettt e e e e e e e e e e e e e e e e e e e e e e e e eas 24
FIQUIE ... e e e e e e e e e e e e e e e e e e e e e e e e e e e e s e e e s e e aeaaaaa 24
FIQUIE Pttt e e e et e e e e e e r e e e e e e e e s b e e e e e e e e e eas 25
Lo U I ST PP PPPPR PR 26
FIQUIE L. ..o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e s e e neaanaa 26
[0 U I R TP PPPR PP 27
Figure 16: Energy consumption per fuel in Residential Sectar................ccoceeeccnnnnns 35
Figure 17 Energy consumption in tertiary sector per type of building.......................... 36
Figure 18 Energy consumption in tertiary sector per type of building and fuel............ 37
Figure 19 Energy consumption in buildings and facilities per fuel...........ccccvvvveeveennen. 37
Figure 20 Energy consumption in Private and Commercial vehicles per. fuel............. 41
Figure 21 Energy consumption distribution in transportation SectQ..............ccccceeeeenee 43
Figure 22Energy consumption distribution for all sectors in Monastir Municipality.....45
Figure 23 Final Energy consumption per sevtor and perfuel...............coooeeieeiciiiinnnns 52
Figure 24 Total CO2 emissions per sector and per.fuel..........ccooeviiiiii 52
Figure 25Final Energy Consumption per fuel. Figure 26 Total CO2 emissions per
fuel 53

Figure 27 Timing for sunset and sunrise in TUNISIA............coeveiiiiiiiiiiee e 63
Figure 28: Landcean temperature variation...............ccceooeeieieeeee e 100
Figure 29: See level VariatiQol............ccuuviiiiiiiiiiiiiieeieeeeeee e 100
Figure 30: Global temperature Variation..............cccooiuuiiiieeeeniiiiieeee e 101

Figure 31: Seasonal (winter: Decemhé&anuary February; sping: Marct April ¢ May;

summer: June July¢ August; autumn: SeptemberOctomber¢ November) mean
temperature(oC, panels M) and total precipitation (mm per season, paneld)Enaps for

the period 19611990 based on CRU data................cocooeeiieiiiiiiiei e, 102
Figure 32: Multi Global Model Ensemble (MGME) average change in surface air temperature
for the four seasons, 20€¢2100 minus 19641990. Units are °C. DJF ixBmbeJanuary
February, MAM is MardAprilcMay, JJA is Jugéuly¢August, SON is Septemk@rctober

N [01VZ=T 1 0] o1 SO PUUPPPPTPPPPPPRRN 103

11| Page



SECAP for the Municipality of Monastir

List of Abbreviations
BAU: Business As Usual

BEIi Baseline Emissions Inventory

CoM: Covenant of Mayors

EF: Emission Factor

HDD: Heating Degree Days

ICCS: Institute of Communications and Computer Systems
IEA: International Energy Agency

IPCC: Intergovernmental Panel on Climate Change
LPG: Liquefied Petieum Gas

MEW: Ministry of Energy anwater

NERC: National Energy Research Ceitéordan

RSS: Royal Scientifmctety.

SECAP: Sustainable Energy and Climate Action Plan

ME: Ministry ofEnvironment.

ANME:National Energy Contrédlgency(Agence nationale pour la maitrise de I'énejgie

12| Page



SECAP for the Municipality of Monastir

Executive Summary

Monastir is a city on the central coast of Tunisia, in the Sahel area. It is 20 kilometers (12 miles)
south of Sousse and 162 kilometers (101 miles) south of Tunis, the capaditionhally a
fishing port, Monastir is now a major tourist resort. Its population is about 101,934. It is the
capital of Monastir Governorate. [1]

Monastirmunicipality has committedto 40z NB RdzOGA2Y 2F (GKS Ydzy A OALJ €
as well as to an adaptation in climate change for 2030. The involvement of all citizens and
stakeholders of the municipality is considered crucial for achieving the set targets. The citizens

are the most impdant resource for the city, especially in the GHG saving targets. Within the

framework of potential participation in the Covenant of Mayors for Climate and Energy
Initiative, the scenario of mitigation actions has been developedvi@nastir, reaching ugo

40% against the calculated 2030 emissi@r9(998tn CQ). The achievement of this scenario

is conditional upon the funding availabilfsom grants, international donors and financing

institutions.

Regarding the total budgef 2 NJ (1 KS { 9 / thtionQ(40%)Athe LidftaS s §6r the
Municipality is calculatedt 43 million USD while for the private sector has be@&stimated
at 230million USDapproximately, resulting in an overall budget2y3million USD

The energy balance foMonastir Municipdity (Baseline Emissions Inventory) has been
developed for 208, in line with the CoM guidelines and utilizing the IPCC emission factor
approach, for all the compulsory sectors and one optional, namely:

A. Buildings, Equipment & Facilities
A Municipal Building, Equipment and Facilities
A Public lighting
A Residential buildings
A Tertiary buildings, equipment and facilities (non municipal)
A Water and wastewater facilities.
B. Transport
A Municipal fleet
A Public transport
A Private and Commercial transport

C. Solid wastananagement.
D. Livestock breeding.

lf 0K2dAK GKS FF3INAKROdz (dzNF £ aSOG2NJ A& F AAIYATFAC
gl ay Qi LI aa isépar&elynglBble d&Soh iitd éhérgy consumptions, so as to

include itin the Baseline Emissidnventory (BEITo this end, it has been studied as part of

the tertiary sector.

The highest energy consumer is fhi@nsportatiorfollowed byResidential sectandTertiary
sector, while the municipal sector consumptions are the lowest. The total egergpumption
in MonastirMunicipalityis presented in the following spider chart:
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Residential
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Figurel: Energy consumption per sectorionastir Municipality

A more detailed allocation of the calculated energy consumptiddanastirMunicipality (All
sectors)is presented in the next figure per sector and per fuel.

250,000 ~

200,000 -
5. 150,000 - m Solar Thermal
e
= 100.000 Gasoline
= ’ m Diesel

50,000 - 5 LPG
0 - - = Natural Gas
& &QQS" & PO S m Electricity
\& » & F \\55 &
a'@'b Q)o \\\ \’b\ X . OQ
NS N ) (2 O
) \E)Q’Q . OQ’b S Q}\' 05 ‘;é?/ ((b
& S N so\\(' &Qo
3 ,\Klz’

Figure2: Energy consumption per sector and per fuel

The respective total emissions for the baseline year, including emissions from waste
managenent, equal258,502n CQ and they are presented in the following chart.

14| Page



SECAP for the Municipality of Monastir

Municipal
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Figure3: Total C@emissions per sector

In order to set the emission reduction targets, they have to be calculated against the Business
as Usual (BAU) scenario, in line with the JRC guidelines for South Municipalities, considering
that Tunisia as a country with developing economy, will faceramease in its energy demand

due to the expected economic and population growth. Thus, the forecasted emissions under
the BAU scenario for 2030 have been calculated t81#%998tn CQ. As mentioned above.

An overview table of the actions per sector,veall as the calculated emission reductions per
action for both scenarios, is presented below.

Tablel: summary of the mitigation actions

Emission
Reduction
Co2

Municipal Buildings and facilities

Greenprocurement procedures for municipal buildings 39.7
1.2 Energy manager appointment in the municipality 2.4
1.3 Awareness raising activities for municipal employees 7.6

Adoption of bioclimatic principles in new municipal buildings
(B8 /Strict applicationof green building codes in new municipal 96.3
buildings

Efficient municipal buildings including Photovoltaic Systems on

9 Municipal buildings Rooftop 187 kWp 420.1
Promotion of recycling 1,165.7
Waste management 38,078.7
3 MW P\plant 3,250.8

1.9 Creation of Energy Saving Department -
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Subtotal 43,061.11
Public Lighting
Street lighting upgrade 1,297.16
2.2 Astronomical timers 420.86
Green procurement procedures for future lightiaguipment 998.91
Subtotal 2,716.92
Residential Sector
I g1 NBySaa NIAaAy3a OGAGAGASE

Web portal creation

. . : 6,389

consumption behavior and energy saving
t NPY2GA2Y 2F DNBSy .dzAf RAy3a

o 3,768
building code
1. Campaign for promoting higgnergy label home appliances ar
other awareness activities 1729
2. Implement the PROMBRIGO action plan locally '
ANME: replacing old refrigerators with new ones performing.
Replacement of existing lampsth LEDs 2,196

Replacement of existing asonditioners with more efficient ones 1,242

1. Replacement of single glazing with double glaze windows
2. Implement locally the PROMSOL action plan of the ANME: 2,896
installation of thermal insulation othe roofs of houses individual

Replacing 10% of inefficient Boilers with efficient condensing
boilers

w
~

121

Installing 6.6 MW Photovoltaics in residential rooftops
2. Implementing locally the PROSOL ELEC programme of ANM 7,178
InstallingPhotovoltaic systems for residential

w
oo

. e o s o R
o o | s () N R

1. Replacing existing water heaters with solar water heaters
2. Implementing Locally the PROSOL programe of the ANME:
installation solar thermal systems instead of the existing water
heaters.

w
©

6,148

Subtotal 31,668
Tertiary Sector

Put in place the recommendations of the audits and contracts
programs in the tertiary sector.

7.5 MWp Photovoltaics in rooftops 8,068

12,403

B
N

el B
Mlow [

2.0 MW Photovoltaics for water facilities and agricultural sector 1,937

Replacing existing water heaters with solar collectors 792
Upgrade water facilities 2,920
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Develop eceourism. 911
Subtotal 27,031

Industrial Sector

51 Implement the recommendations of audits and contract progral 12098
. ANME for industrial units. '
Install photovoltaic systems in the industrial sector. 4,947
17,045
transportation Sector
Carry out an audit of the municipality's fleet of vehicles and
6.1 . . 97.27
implement the actions recommended through a program contre
Set up a management unit for the fleet of vehicles of the .
municipality.
Restructuring and strengthening vehicle maintenance. 48.63
Train drivers in eco driving 72.95
6.5 Improve the process of acquiring new vehicles. 48.63
Carry outan Urban Mobility Plan and set up the actions 6.880.86
recommended by the PDU. T
Transfer of taxi stations and regulation of taxi traffic 429.61
ﬂ Improve the city bus network. 1,698.98
Implement the recommendations of audits and contrpobgrams 102.19
ANME for the STS. i
Raise public awareness of public transport. 2,802.79
Improve and secure pedestrian routes and paths. 1,051.05
Improve and secure bike paths. 5,605.59
Improvement / development of parkingfrastructure 2,802.79
Transfer all government departments and institutions to one
6.14 3,503.49
complex near to the population centers in the city
6.15 Building vehicle crossing lines with the railway to facilitate local 2.802.79
transportation
Establishing central markets near dense residential areas 2,802.79
Using buses instead of private cars to transport students to the
6.17 . " 700.7
schools and universities
Regulating Cargo vehicles work in the City 849.49
Replacing 5% of thexisting Taxi vehicles with electric vehicles 238.06
Information events on the new vehicle technologies 700.7
Subtotal 33336.63

Agriculture sector
Planting treegincreasing Green Areas) 1,085
Total 155,942.56

The fourth Chapter ahe SECAP concerns the Adaptation to climate change. The last 20 years
significant changes in the global climate have occurred which negatively affect life in many
aspects. This section presents the current situatioMomastirand the expected problems

dueto the climate change impacts. Subsequently a set of actions are proposed towards the
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city protection against the forecasted extreme weather evemimisiahas already launched

0 KSunigida ¢KANR bl A2yl f [/ 2YYdzyAOl Ga@hichi8y /£ AYL |
dealing with the above mentioned topic. The national targets presented on this report are

consistent with the SECAP actions.
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Chapter 1: Introduction

1.1 Monastir2030Targets

The overall target that has been set for 20304 CQ@ emissions reduction
(according to the Intended Nationally Determined ContribusicnINDG). Which
matches the required reduction percentag®% according to CoM requirements
emphasis is placed on working closely with all community actors. The municipality will
take all necessary measures on its facilities, establishing a good example for the
community, while it will put efforts on collaborating with the public and achieving
significant reductions from the residential, tertiary and transport sectors, with waste
being also a priority for the local administration. The target of 4@ bigchalleng

and there will be need of more intensive efforts from tiMunicipality and the
Governmental Bodies while it is of utmost importance to attract more donors and
funds.

1.2 Current status

1.2.1Geographical location

Monastir is a city on the central coast of Tunisia, in the Sahel area. Itkba2Oeters
(12 miles) south d¥onastirand 16Xilometers (101 miles) south of Tunis, the capital.
Traditionally a fishing portMonastiris now a major tourist resort. Its population is
about101,934 It is the capital oMonastirGovernoratelX!

19| Page



SECAP for the Municipality of Monastir

W

Figure4: Monastir Map

The city is known for its castlewh i ¢ h  Rihat bf&0d n di s It is ranbat,
anlislamicdefensive structure, located Monastir, Tunisia. It is the oldestbat built

by theArab conquerors during thigluslim conquest of the Maghré®. It is Founded

in 796 by theAbbasidleader and the governor ffigiya, Harthama ibn A'yan, several
improvements and changes were introduced to the building throughout the medieval
times, including the expansion carried out by AbtQakim ibn Tammam in It
containsa maze of corridors and chambEtsA characteristic picture dhe castlds
presented in Figurg.
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Figure5: Ribat of Monastir

1.2.1 Climate characteristics

In Monastir, the summers are hot, muggy, dry, and clear and the winters are long, cool,
windy, and mostly clear. Over the course of the year, the temperature typically varies
from 9°C to 32°Cand is rarely belovs.5°C or above36°C.

The hot season lasts for 2.9 ma)tfrom June 21 to September 19, with an average
daily high temperature abo&8°C. The hottest day of the year is August 6, with an
average high 081.6°Cand low 0f23.8°C The cool season lasts for 3.9 months, from
November 29 to March 27, with an avgeadaily high temperature below 67°F. The

coldest day of the year is January 19, with an average |&92€ and high ofl6°C.
[1

Average High and Low Temperature

cool hot cool

100°F
95°F
90°F
85°F
80°F
75°F
70°F
65°F
§5°F
50°F
45F
A0°F

Figure6
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The figure below shows a compact characterization of the entire year of hourly average
temperatures. The horizontal axis is the day of the year, the vertical axis is the hour of
the day, and the color is the average temperature for that hour akidl day.

Average Hourly Temperature

12AM

8PM

4PM

12PM

8 AM

4AM

12AM

Jan  Feb  Mar  Apr May Jun Bl Aug Sep Oct Nov  De

The average hourly temperature, color coded into bands: frigid < 15°F < freezing < 32°F < chilly < 45°F < cold < 55°F < cool
< §5°F < comfortable < 75°F < warm < 85°F < hot < 95°F < sweltering. The shaded overlays indicate night and civil twilight.

Figure7
Clouds

In Monastir, the average percentage of teky covered by clouds experiences
significant seasonal variation over the course of the year.

The clearer part of the yearlMonastirbegins around June 14 and lasts for 2.9 months,
ending around September 12. On July 27, the clearest day of the yesky thelear,
mostly clear, or partly cloudy 97% of the time, and overcast or mostly cloudy 3% of
the time.The cloudier part of the year begins around September 12 and lasts for 9.1
months, ending around June 14. On October 26, the cloudiest day efihehe sky

is overcast or mostly cloudy 39% of the time, and clear, mostly clear, or partly cloudy
61% of the timell

Cloud Cover

cloudier clearer cloudier

100%
90%
80%
0%
60%

50%

40%
30%
20%

10%

0%

Jan Mar Apr May Jun Jul Aug Sep

The percentage of time spent in each cloud cover band, categorized by the percentage of the sky covered by clouds: clear
< 20% < mostly clear < 40% < partly cloudy < 60% < mostly cloudy < 80% < overcast.

Figure8
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Precipitation

A wet day is one with at least 0.04 inches of liquid or ligedgiivalent precipitation.
The chance of wet days Monastirvaries throughout the year.

The wetter season lasts 8.5 months, from August 30 to May 15, with a greater than 10%
chance of a giveay being a wet day. The chance of a wet day peaks at 18% on
October 9.The drier season lasts 3.5 months, from May 15 to August 30. The smallest
chance of a wet day is 2% on July 5.

Among wet dayst can bedistinguisledbetween those that experience @one, snow
alone, or a mixture of the two. Based on this categorization, the most common form of
precipitation throughout the year is rain alone, with a peak probability of 18% on
October 91

Daily Chance of Precipitation

wet dry wet

100%

d snow fell in the same day)

Figure9

Rainfall

To show variation within the months and not just the monthly totals, the rainfall
accumulated over a sliding @iy period centered around each day of the year.
Monastirexperiences some seasonal variation in monthly rainfall.

The rainy period of the yedasts for 9.2 months, from August 23 to May 30, with a
sliding 3kday rainfall of at least 0.5 inches. The most rain falls during the 31 days
centered around October 1, with an average total accumulation of 1.5 inches. The
rainless period of the year lasts 2.8 months, from May 30 to August 23. The least
rain falls around July 10, with and average total accumulation of 0.1 ifghes.
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Average Monthly Rainfall
rain rain
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Figurel0
Humidity

We base the humidity comfort level on the dew point, as it determines whether
perspiration will evaporate from the skin, thereby cooling the body.

Lower dew points feel drier and higher dew points feel more humid. Unlike
temperature, which typically vasgesignificantly between night and day, dew point
tends to change more slowly, so while the temperature may drop at night, a muggy day
is typically followed by a muggy night.

Monastir experiences extreme seasonal variation in the perceived humidity. The
muggier period of the year lasts for 4.9 months, from June 1 to October 28, during
which time the comfort level is muggy, oppressive, or miserable at least 22% of the
time. The muggiestiay of the year is August 17, with muggy conditions 85% of the
time. The least muggy day of the year is February 4, when muggy conditions are
essentially unheard df!

Humidity Comfort Levels
100% —
90%
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80% ~85% ™
-‘-‘\LQ 170
70%
60% dry muggy
50% humid
40% / _
0% Jun 1 : Opct 28
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Figurell
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Wind

This section discusses the wideeahourly average wind vector (speed and direction)

at 10 meters above the ground. The wind experienced at any given location is highly
dependent on local topography and other factors, and instantaneous wind speed and
direction vary more widely than hourly erages.

The average hourly wind speedMonastirexperiences mild seasonal variation over
the course of the yeaFhe windier part of the year lasts for 6.0 months, from November

3 to May 2, with average wind speeds of more than 5.8 miles per hour. ntiesvi

day of the year is December 19, with an average hourly wind speed of 6.8 miles per
hour. The calmer time of year lasts for 6.0 months, from May 2 to November 3. The
calmest day of the year is August 12, with an average hourly wind speed of 4.8 miles
per hour!!

Average Wind Speed

windy windy

Deci19
7 mph 6.8mph

May 2 Nov'3
6 ol m\-—‘\__\i a/mph L 58 I'I'Ipl""’_,'“‘-r"

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Mov Dec

B Af maan horhy wing cnaeds (dark sray final with 25+h 0 758R and 100 f0 90fR nercantila Aand
ne average or mean nourly wing speeas (aark gray inej, Win =ain to /2t ang | Oth to 90th percentile bands

Figurel2

The predominant average hourly wind directioMionastirvaries throughout the year.

The wind is most often from the north for 9.4 months, from February 6 to November
18, with a peak percentage of 43% on July 22. The wind is most often from the west
for 2.6 months, from November 18 to February 6, with a peateptage of 38% on
January 11
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Wind Direction
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Figurel3

Water Temperature

Monastiris located near a large body of water (e.g., ocean, sea, or large lake). This
section reports on the widgea average surface temperature of that water.

The average water temperature experiences significant seasonal variation over the
course of the year. The time of year with warmer water lasts for 3.1 months, from July
7 to October 11, with aaverage temperature above 247Ge day of the year with the
warmest water is August 20, with an average temperatz6.6fC The time of year

with cooler water lasts for 4.1 months, from December 26 to April 30, with an average
temperature below7.2°C The day of the year with the @lest water is February 26,

with an average temperaturelef.5°C [

Average Water Temperature

cool Warm

85°F

80°F

75°F

T0°F

65°F

60°F

5
55°F Feb 26

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Now Dec
The daily average water temperature {purple line), with 25th to 75th and 10th to 90th percentile bands.

Figurel4d
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Solar Energy

This section discusses the total daily incident shortwave solar energy reaching the
surface of the ground over a wide area, takiigapccount of seasonal variations in the
length of the day, the elevation of the Sun above the horizon, and absorption by clouds
and other atmospheric constituents. Shortwave radiation includes visible light and
ultraviolet radiation.

The average dailyncident shortwave solar energy experiences extreme seasonal
variation over the course of the year. The brighter period of the year lasts for 3.5
months, from May 3 to August 20, with an average daily incident shortwave energy per
square meter above 6.9 kWhhe brightest day of the year is July 7, with an average
of 8.0 kWh.

The darker period of the year lasts for 3.4 months, from October 28 to February 10,
with an average daily incident shortwave energy per square meter below 3.7 kWh. The
darkest day of # year is December 18, with an average of 2.6 k¥h.

Average Daily Incident Shortwave Solar Energy

dark bright dark
9 kWh .
Jul 7
8.0 kWh

8 kWh
May 3 //_J’_\\F'\LE: 20
5.9 Ky XN

7 kWh 6.9 KWyl
6 kWh
5 kWh

Feb 10 Oct 28
4 kKWh 3.6/ kKWh 37 kWh

s gl NG
T ——

Figurel5

Demographic tendencies

According to the last population census of 2017, the population living in Monastir
governorate has85283inhabitants. Whereas the population for Monastir municipality
in 2017 was101,934 citizens.

Employment

Based on the statistics that was done 16820 he employees iMonastir District
comprise approximatel$8.% of its population4.7% of themwork in agricultural
sector, while 37% of them work in technical field, and 44.8% work in serdiceise
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part of economically active citizens there is64% percentage that is currently
unemployed and looking for a job’!

1.2.4 Education

Regarding theeducational status of Monastir citizenglonastir is a prominent
educational center in Tunisia,a percentage 0f7.1% of the total population was
enrolled in the education 2017. The number of first primary schools has reached 20
schools in the latesdtatistics in 2017, where the number of second primary and
secondary schools and study rooms reached 13 schools and 403 general and specialized
study rooms. Total number of teachers and students in the first primary schools reached
516 teachers and 924 dents, with 17.92 average number of students per teé@cher.

As for higher education where there is The University of Monastir which includes 16
university institutionsThe total number of students of the UniversityMinastiris

18,876 studentwith 969 aiministrative staff for the academic year 2017/2018, where
31.5% of them are males and 68.5% are female. The largest colleges are the Faculty of
Science, followed by the Faculty of Economic Sciences and Management and the
Higher Institute of Biotechriogy.

1.2.5 Infrastructures

The Governorate provides a public network for access in water and drinking water.

100% of the housing units have access in the water network. In addition, it seems that
there 1snot a fully devel dhered 8wdithe c s ewa
population has access in the public network. The rest of the housing units are been

served by cesspools. (201%)

The road network itMonastirMunicipality consists of 45 Km of paved and unpaved

roads, of which 49.3% are regional dsa19.3% local roads, and a final 31.4% farm

tracks 3

1.2.6 Economy

The economy ofMonastir depends mainly oriourism, sea fishing and industry
Monastir industrial zone includes 51 factorig@$ of them are textile factories with total
number of employees reach@d67 in 2017.

Also Monastiris characterized b8eafishing, whereNumber of fishing boatare261
with total Sea fishing production of 3,24dnsper year Wherasthe total numberof
manpoweiin sea fishing is around 900 in 201%.

As for tourism inMonastir, it contains many monuments, archaeological sites and
museumsin addition to Monastir beacheshere the total number bibtels and hostels
are89, where 46% of them are cked hotels with totaHousing Capacitpf 24,264
guestd®
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1.2.7 Complementarity with municipal and national plans and other related actions

MonastiiQ decision for the implementation of a SECAP study is in line with national legal
framework, targets, and priority actions set. Abiding with #186 emission reduction target

by 2030 is consistent with the national target for that period, as expressed ghrdie
Intended Nationally Determined Contributions (INDCs) submitted to the UNFCCC.

Under the current legal framework, the municipalities are entitled to the development of their
energy policy plans, such as the current study on Sustainable Energyraatt@ction Plan

for Monastir. In addition, they can influence the energy consumptions related to their own
use (buildings, vehicles, street lighting, solid waste and waste water management, water
pumping etc.), as well as promote legislative measureth®adoption of the building codes

in place, or the use of Solar Water Heaters (SWH).

The National Energy Efficiency Action Plan (NEE#R)usnbrella regarding energy efficiency
at the national level. Some of the most relevant actions for local authsrias addressed in
the NEEAP, includese of efficient equipmerdnd replacement of compact fluorescent lamps
(CFLs) with LED lighting.

1.3 Vision for the future

Monastiris a growing city that has significantly increased its population over the past years.
This trend is expected to continue in the future, even at a lower rate. This population increase
trend poses significant pressures on the existing and future infrastres and the further
development of the city.

Monastirmunicipal authority is deeply committed to a sustainable future for the city, in order
to make it prosperous for its citizens and sophisticated. This objective is expressed through
the actions select# in this SECAP, focusing not only in reducing the energy consumption
through energy efficiency, or producing more clean energy, but also on improving the existing
infrastructures at the municipal, as well as the city level.

1.4 Organizational and financial excts

1.4.1 Coordination with national and local authorities

During the SECAP implementatidtonastir Municipalityis going to coordinate closely with
the affiliated mnistries and national institutions namely the Ministry of Environment,
especially with regards to the Climate Adaptation actions, as well as the Minisiyenfy
and Water and ANME asrelate to the energy efficiency and renewable energy projects and
initiatives.

At the same timeMonastir will exchange experience with the other twegionalcities that
have benefitted fromMinaret for the development of their SECAPSs, nani&dyakin Jordan
andJdaidat AIChoufin Tunisia while it will share best practices and experience gained with
other munigpalities interested in realizing similar activities.
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1.4.2 Adaptation of administrative structures

The departments that wilbe engaged with the SECAP are Tlask forcecommittee, which
will be responsiblégor the energyand climateissues in Muitipality.

1.4.3 Involvement of stakeholders and citizens

Having conducted the analysis of the energy consumption patterns in the territory, it should
be highlighted that the municipality is responsible fessthan 1% of the consumptions
realized at the city level. Thusjs evident that the involvement of all citizens and stakeholders
of the private sector is considered crucial for achieving 40% reduction targetA high level
collaboration is expected with private investors interesting to realize small or latgky RES
investments in the city, while efforts for close contacts with associations from the tertiary and
residential sector will be placeaind severalprograms for GHG emission reductishallbe
incorporated.

1.4.4 Budget¢ SECAP financing sources

Regardingk S (2G4t 0dzZR3ISG ¥ 2 NJ thekdial chsdfor the NudicipaliyLX SY Sy (|
is calculated a#3million USD while for the private sector has been estimated80 million
USDapproximately, resulting in an overall budget233 million USD

Anyaction to be implemented will have a clear budget and implementation plan and will be
executed pending the approval of the yearly budget, as required by the municipal regulations.
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Chapter 2: Baseline Emission Inventory (BEI)

2.1 BEI Methodology

2.1.1 Basdine Year

According to the Covenant of Mayors Guidelines for South Signatories, in order to develop

the energy balance sheet and consequently specify thendi€sions, the year 1990 should be
considered as the baseline year. I n case wh
baseline year should be considered the nearest year to 1990 for which there are complete and
reliable data. Thus, for tidonagir Municipality the baseline year has been s&(i6, since

it was the year with the most sufficient and reliable data avail@ble.

2.1.2 SECAP administrative body

Following a meeting of the consultaRibyal Scientific Societational energy Research
Center RSSNERC) with theMonastirrepresentatives, it was made clear that their wish for
the BEI is to cover the administrative boundarieMohastirmunicipality.

2.1.3 Sectors to be included the BEI

The sectors for which the appropriate data were gatteeré calculations for the total energy
consumption and C{emissions are presented below:

A. Buildings, Equipment & Facilities
A Municipal Buildings, Equipment and Facilities
A Public lighting
A Residential buildings
A Tertiary buildings, equipment arfdcilities (normunicipal)
A Water and Vdstewater facilities.
A Industrial Sector
B. Transport
A Municipal fleet
A Urbain Rail transport
A UrbainPublic transport
A UrbainPrivate and Commercial transport
A Local Ferries transport

C. Solid waste management.
D. Livestockbreeding.

As regards agriculture, although there is agricultural activity in the region, it has not been
possible to separate the consumptions for the specific sector from the tertiary one, and
especially the water pumping for irrigation.
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2.1.4 Emissiorfactors and Conversion rates

The emission factors which are used in this BEI were derived thenCovenant of Mayors

Guidebook in table. With the only exception ofhie electricity emission factaxhich is
characteristic for the countryhe emission faor was calculated based on the Tunisian energy

mix and the electricity consumption.According to theNational Agency for Energy

Con s e r v &denceNntiorfale pour laMaitrise de I'Energie ( ANME) , the el e
emission factor in Tunisia is 0.602 tn&egivaientMWh.

Table2: Emission Factors & Conversion Rates
Emission Factor Conversion Factors
(tn

Co2/MWh)

Factors (th CO/MWh)

0.602 Not applicable
0.227 13,1 MWh/tn
0.202 11.6MWhitn
0.267 10 KWh/lt
0.249 9,2 KWhilt

0 Not applicable

Furthermore, emissions from the biomass were calculated according to the IPCC method.
Waste separation process, Sewadge Sludge and livestock breeding create nestiissions

(CH) which are convertedto GE YA aadA 2y ad | OO2 NRAVHEHCHE=25MKS Sl
CQ¢ o

2.2 Energy Consumption

The total amount of energy consumed\tonastirMunicipality i$628.31GWh The allocation
of this energy consumption among thl#ferent sectors, by fuel type, is presented in the next
table. Further analysis of the consumptions per sector is provided in the following sections.

Table3: Total Energy consumption per sector

Solar
Thermal

Natural
Gas

Electricity Diesel | Gasoline

Sector

Residential sector 54,080

35,936 50,446 145,318

Municipal Buildings 898 19 917
Industrial Sector 22,360 93,257 115,617
Public street lighting 5,378 5,378
2,630 69,819 160,949 233,398
Sector
165,137 175,919 50,446 71,005 160,949 4,856 628,310
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Tunisian Electricity & Gas Company provided electricity and NG consumptions for the year
2016 for municipal buildings, organized by building category: Administration, Markets and
Slaughterhouses, Culture, Gardens, Sport. The total electricity and NG gqbiosurof
buildings and facilities in the municipality amounts 967 MWh (excluding municipal
lighting). (See Appendix A).

As far as the municipal public lighting is concerned, this sector is related to the street lighting
and public areasod I|lighting. The53&k6MdWNt ri ci ty
according tgprepared study by the municipality in 2016. (3@pendix B)

Electricity
Monastirdéds households consume electricity f

refrigerator, air conditions and others, as well as in water hed@tiegconsumed electricity in
this sector is54,080 MWh in 2016 according to statistics prepared by Ministry of
Development, Investment and International Cooperation (MD{IC)

Natural Gas (NG)
The only source for space heating and cooking in the haesnatural gas fuel. Estimations

for NG consumption (Low pressure) were realized according to the data given from STEG and
statistics by MDIIC. The percentage of share for residential sector was considered as same as
for electricity with share perceage of 36.92% of overall NG consumption (except for
agricultural, water pumping and waster sector since they do not depend on the population).
The annual NG consumption in Monastir district was given for 2016 by the municipality with
total value of (23 kte) for 33 municipalities within Monastir district. The percentage of
consumption for Monastir delegation was calculated by knowing the total subscribers number
for each involved municipality as shown in the table béfbvBased on that, the annual NG
corsumption in Monastir Delegation for all sectors was calculated to be 9.5 ktoe. Since
Monastir delegation has two municipalities (Monastir and Khaniss Municipalities), the NG
consumption was projected based on the population ratio between the two muieisjpali
which is 88.25% for Munastir municipality with overall NG consumption of 8.38 ktoe. After
excluding Agriculture, water pumping and waste water sectors from the overall natural gas
consumption, the remaining overall NG consumption is 8.369 ktoe.l\itd using the
calculated share percentage of residential sector, the annual NG consumption for residential
sector was calculated to be 3.09 ktoe (35,936 MWh) for Monastir municipality.
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Table4: Annual NG Low-pressurg consumption for Moaser district 2016

Delegations within Monastir district Number of Percentage of Annual NG Consumption
Subscribers subscription (ktoe)

Monastir 22575 41.31% 9.50
Wardanin 3 0.01% 0.00
Sahlin 2976 5.45% 1.25
Zarmadin 874 1.60% 0.37
Bani Hassan 6 0.01% 0.00
Jammal 4267 7.81% 1.80
Banbalah 3354 6.14% 1.41
Maknin 4868 8.91% 2.05
Bagaltah 1179 2.16% 0.50
Tablabah 1984 3.63% 0.84
Qasr Hilal 7388 13.52% 3.11
Qasibat Almadyony 1277 2.34% 0.54
SayyadaHamtah-bo hajar 3894 7.13% 1.64
Total 54645 100.00% 23

Liquefied Petroleum Gas (LPG)

LPG is mainly usedsportable bottles for cooking and space /water heating for the households

that not connected to the NG network. The annual LPG consumption at municipal level was
calculatedbased on the population ratio between the national and municipal levels, which the
total LPG consumption given by IEA statistics at national level was reflected on the Municipal

level, with total annual consumption of 50,445 MWh.

Solar thermal

In addition,a great number of households own solar water heaters, thus they consume solar
power in order to heat water. In order to determine this quantity, IEA gave data at a national

level (558,240 MWhY!, and subsequently the solar thermal energy was calcbiatetbwing

the population ratio between municipal and national levels. The total population at national

level was 11,229,700 in 2016, whereas the population at municipal level was 98,084

(according statistics by MDIIE!) with population ratio of 0.87%.ded on that, the annual

solar thermal consumption at the municipal level is calculated to be 4,856 MWh.

Summary
Gathering all the data of the residential sector, it seems that residents consume 3 distinct energy

sources. In table and figure below, theafironsumption per fuel type for this sector is
presented.

Table5: Total energy consumption in the residential sector
MWh/year Residential Sector

Electricity (MWh) 54,080
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Natural Gas (MWh) 35,936
LPG (MWh) 50,446
Solar Thermal (MWh) 4,856

Total (MWh) 145,318

Solar Thermal
(MWh)
3%

Figurel6: Energy consumption per fuel in Residential Sector

2.2 4Tertiary Buildings, Equipment & Facilities

Tertiary sector includes all buildings that not referred to the municipal and industrial sectors,
which includes the commercial buildings such as shops, restaurants, hotels, lndSpés|s

Also this sector includes the educational buildirghools ad Universities), public buildings

and water management facilities as well, which provide servicédotmastid s ci t i zens.
should be noted that water management facilities include facilities for water pumping and
waste water treatment. In case of comuiarbuildings, the approach used to calculate the
annualNG consumptiornis same one used for residential seddased on that, the annual NG
consumption at municipal level is calculated to be (46,707 MWh). The annual electricity
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consumption was given BYDIIC statistics and bills with total value of (79,792 MWhe

collected data are presentiedhe table below.

Table6: Energy consumption in tertiary sector per typswaifsector

Types of Buildings in the Tertiary | Electricity Natural Gas Diesel (MWh) Total
Sector (MWh) (MWh) (MWh)
Commercial buildings 17,678 11,747 0 29,425
Public & Governmental buildings 18,686 12,417 0 31,103
Tourism 33,670 22,374 0 56,044
Agricultural 1,455 68 1,186 2,709
Water & Waste Management 8,302 102 0 8,404
Facilities

Total 79,792 46,707 1,186 127,685
In the next chart s, it i s obvious that the

Tourism anccommercial& public buildings.

Water & Waste

Managemen Agricultural
Facilities 2%

7%

N\

Public Buildings
24%

Figurel7: Energy consumption in tertiary sector per type of building
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m Diesel (MWh)
m Natural Gas (MWh)
| Electricity (MWh)

Figurel8: Energy consumption in tertiary sector per type of building and fuel

225Bui l dingsé & facilities Synopsi s
The consumed energy allocation for all the buildings and facilititomastirMunicipality is
presented in the next figure.

Solar
Thermal
2%__

Diese
1%

Figure19: Energy consumption in buildings and facilities per fuel
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Electricity consumption for industrial sector was given accordifg@iC statisticswith total
amount 0f(22,360 M\VVh/yr) 1,

Natural gas consumption was calculated using the data from STEG and statistics, which the
same approach done for the previoust@s was adopted for the industrial secfbhne
percentage of consumption fglonastirmunicipality was calculated by knowing the tatb
(Medium pressure) consumption fech involved municipalitin Monastir for 2015 year (as
provided byMDIIC statisticg®!), which can be reflected on the provided annual NG (Medium
pressure) for 2016110.5 ktoe)as shown in the table belpwvhich the annual NG (MP)
consumption is 78,399 MWh after taking the pop ratio for Munastir delegation in consideration.

Table7: Annual NG Medium pressure) consumption for Monaslistrict 2015/2016

Delegationswithin Monastir NG (MP) Weight NG (MP) Consumption
district consumption (%) (Ktoe) (2016)
(MThermie) 2015
Monastir 146 6.91% 7.64
Wardanin 0 0.00% 0.00
Sahlin 37 1.75% 1.94
Zarmadin 820 38.83% 42.90
bani hassan 0 0.00% 0.00
Jamal 523 24.76% 27.36
Banbalah 264 12.50% 13.81
Maknin 63 2.98% 3.30
Bagaltah 3 0.14% 0.16
Tablabah 107 5.07% 5.60
Qasr hilal 92 4.36% 4.81
Qasibatalmadyony 0 0.00% 0.00
Sayyadatamtah-bo hajar 57 2.70% 2.98
Total 2,112 100.00% 110.5

On the other hand the Low pressure NG consumption can be simply computed by subtract the
Annual NG consumption by residential and tertiary sectors from theaotalal NG (Low
pressure) consumption. Thus, the total NG consumption (LP & MP) was calculated to be
93,257 MWhlyr
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As far as the consumption of the municipal vehicles is concerned, the available data, followed
by the vehiclesd type, was c oMohastibtse dnuaana i ipa
fleet has71 vehicles which use diesel and gasoline.

Table8: Annual Energy Consumption in Municipal fleet of Monastir

Number Diesel Gasoline Total
Type of Municipal vehicles of i i
vehicles Lit (MWh) Lit (MWh) (MWh)
yas_te transportation 33 181,532 1,815 5,160 47 1,863
ehicles and heavy vehicle:
Passengers Vehicles 38 16,851 169 52,460 483 651
Total 71 198,383 1,984 57,620 530 2,514

One of the most important transportation wayslonastiris by the rail transport, where there
are 22 Electrictrains and other Gasoil trains serve the travelengch controlled by the
National Railway Company of Tunis{alRCT).

The annual electrical energy consumption for this sector can be calculated by knowing the
annual traveled distance (km) witiMfonastirboundaries and the specific energy consumption
per distance (kWh/kmpased on data received from (NRCT), the annual travelled distance by
the rail transport along the line (end to end)Z016 is998,063 kmwith total traveled strokes

of (14,607 stroke} Knowing that one complete stroke (end to end) has a distaB&3km
whereas the length of the rail line crossing Monastir borde¥§.&km (according to NRCT
responsible). Also the specific electricity consumption (kWh/km) for the line was given by
NRCT for each month with the traveled distance. Thus, by considering all the above numbers,
the estimated annual energy consumption in the rail transport within Monastir bo2i6&0is

MWh . Further analysis is presentedTiable9.

Also there are som@asoil trains which consume 330,93fers per year (according dRCT
responsible). Which fuel consumption within Monastir municipality borders can be estimated
using the same above approach to be 81L86¥s per year (813.6 MWh/yr).

Table9: Energy Consumption in Rail transportation witiitonastirMunicipality borders 2016

Total traveled Total Traveled Specific electricity En_ergyconsum_ed
within Monastir

. distance within .
2016 distance consumption Municipality borders
(kWh)

(end to end )(km) MO”aS(E;nE)“”ders (kWh/km)
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Jan 84,574 20,795 9.47 196,924
Feb 82,565 20,301 11.14 226,148
Mar 87,888 21,609 10.37 224,089
Apr 84,172 20,696 10.26 212,338
May 87,512 21,517 10.9 234,534
Jun 66,400 16,326 11.38 185,790
Jul 75,856 18,651 10.8 201,431
Aug 78,368 19,269 12.08 232,765
Sep 85,033 20,907 11.26 235,417
Oct 89,747 22,066 10.4 229,491
Nov 87,888 21,609 10.25 221,496
Dec 88,060 21,652 10.59 229,291
Total 998,063 245,398 Avg. = 10.74 2,629,715

2.2.6.3 Urban Road Public Transport

UrbanPublic transport refers to buses andésxthat servéMonasti6 s ci t i zedars. The
fuel consumption are available for buses only, whereas the taxies and Louage taxies
consumptions were calculated based on the daéan dor the total taxies numband daily

fuel consumption within Monastir municipality limit$he energy consumptionesults are
summarized in tabl&0 (see appendix C).

Table10: Energy consumption in Public Transparithin Monastir municipality borders

Vehicle Type Number of Daily Fuel Diesel Gasoline Total (MWH)
vehicles passing | consumption | (MWh) (MWh)
the Monastir per vehicle
municipality (Lit/day)
borders
Buses 8,740 0
Taxis 600 12 0 25,544
Louage (within the
district border) 28 25 2,555 0 39,631
Louage (outside the
district borders) 51 15 2,192 0
Total 14,087 25,544

2.2.6.3 Urban Road Private and Commercial Transport

The previous methodological approach and assumptions was used in this sector too. In
Appendix C shows the detailed analysis per vehicle category. The total number of registered
private and commercial vehicles for 2016 year was not available, thus, ahpddististic

study was used to estimate the vehicles types and numbers in TdniEen the total number

for each vehicle category was reflected to municipal level based on the population ratio and
the activity ratio in the municipality. The totastimated vehicles number in Monastir
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municipality is 17,365 and the total consumption regarding Diesel and Gasoline is 187,619
MWh. Table 1L shows the analysis results and outputs regarding the diesel and gasoline
consumptions.

Table11: Energy consumption in Private and Commercial Transport

Vehicle Tvpe Number of Diesel Gasoline Total
yp vehicles (MWh) (MWh) (MWh)

Passengers Vehicles 13,642 122 134,875

Commercial Vehicles 3,589 51,029 0

Heayy and construction 114 1572 0 187,619

Vehicles

Agricultural Vehicles 20 21 0

Total 17,365 52,744 134,875

Figure 16 presents the proportion between Diesel and Gasoline consumption in the Private and
Commercial vehicles.

Figure20: Energy consumption in Private and Commercial vehicles per fuel

2.2.6.4 Local Ferries Transport

Due to existing ofMarina Monastirwithin Monastir Municipality borders, the energy
consumption for LocaFerrieswill be consideredThe fuel consumption fahe local ferries
was calculated based on the data given for the total ferries nambdaily fuel consumption
within Monastir municipality boundarieass well as the number of days per year that have
ferries travelsThe energy consumptioresults aremmarized in tablé2.
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