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1. Introduction
1.1Current status

1.1.1Geographical location

Monastir is a city on the central coast of Tunisia, in the Sahel area. It kiidtfeters (12
miles) south of Sousse and l1l@&Bometers (101 miles) south of Tunis, the capital.
Traditionally a fishing portMonastiris now a majordurist resort. Its population is about
101,934 It is the capital oMonastirGovernorate

Figure 1: Monastirmap

The city is known for its castlevhich ¢ a | | Rebdt offiMonastio. It is aribat,
anlslamicdefensive structure, located Monastir Tunisia. It is the oldestibatbuilt by
the Arab conquerors during thigluslim conquest of the Maghré®. It is Founded in 796 by
the Abbasidleader and the governor Wbfigiya, Harthama ibn A'yan, several improvements
and changes were introduced to thelding throughout the medieval times, including the
expansion carried out by Abu-@asim ibn Tammam inlt contains a maze of corridors and
chambers$?. A characteristic picture dhe castlés presented in Figure 2.
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Figure 2 : Ribat ofMonastir

1.1.2 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°Cto 32°Cand is rarely belovs.5°C or abwve 36°C.

The hot season lasts for 2.9 months, from June 21 to September 19, with an average daily
high temperature abo\28°C. The hottest day of the year is August 6, with an average high

of 31.6°Cand low 0f23.8°C The cool season lasts for 3.9 months, from November 29 to
March 27, with an average daily high temperature below 67°F. The coldest day of the year is
January 19, with an average low9°Cand high ofl6°C. [4
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The figure below shows a compatitaracterization 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 afdl day.

Average Hourly Temperature

12AM

8 PM

4PM

12FM

8 AM

4AM

12AM

Jan Feb  Mar  Apr May Jun  Jul Auwg 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
< 65°F < comfortable < 75°F < warm < 85°F < hot < 95°F < sweltering. The shaded overlays indicate night and civil twilight.

Figure 4
Clouds

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

The clearer part of the year Monastir begins around June 14 and lasts for 2.9 months,
ending around September 12. On July 27 ctharest day of the year, the sky is clear, mostly
clear, or partly cloudy 97% of the time, and overcast or mostly cloudy 3% of theTimae.
cloudier part of the year begins around September 12 and lasts for 9.1 months, ending around
June 14. On Octobe&®6, the cloudiest day of the year, the sky is overcast or mostly cloudy
39% of the time, and clear, mostly clear, or partly cloudy 61% of theltime.

Cloud Cover
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90%
80%
0%
60%
50%

40%
30%
20%
10%
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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.

Figure 5
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Precipitation

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

The wetter season lasts 8.5 months, from August 30 to May 15, with a greater than 10%
chance of a giveday 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 daysjt can bedistinguisted between those that experience raione, 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
gl

Daily Chance of Precipitation

wet dry wet

100%

o snow fell in the sam

Figure 6

Rainfall

To show variation within the months and not just the monthly totals, the rainfall accumulated
over a sliding 34day period centered around each day of the ydanastir experiences
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
31-day rainfall of at least 0.5 inches. The most rain falls during the 31 days centered around
October 1, with an average total accumulation ofiiches. Theainless period of the year
lastsfor 2.8 months, from May 30 to August 23. The least rain falls around July 10, with and
average total accumulation of 0.1 incHés.
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Figure 7
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 varie significantly 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 percéiveddity. 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 muggiest day
of the year is August 17, with muggy conditions 85% oftiime. Theleast muggy day of the

year is February 4, when muggy conditions are essentially unhetd of.

Humidity Comfort Levels
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Figure 8
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Wind

This section discusses the wideea hourly average wind vector (speed and direction) at 10
meters above the ground. The wind experienceshyagiven location is highly dependent on

local topography and other factors, and instantaneous wind speed and direction vary more
widely than hourly averages.

The average hourly wind speed honastir experiences mild seasonal variation over the
course othe year.The 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. The windiest day of the year is
December 19, with an average hourly wind speed of 6.8 miles per hour.The talmef

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 Hbur.

Average Wind Speed

windy windy
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c mh Hﬁ\"\.__\'__‘:-_ 8/mph ) . 58 ITlpI'*"'_/.‘“
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Figure 9

The predominant average hourly wind directiorManastirvaries throughout thgear. 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 peakcpatage of 38% on January.
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Figure 10

Water Temperature

Monastiris located near a large body of water (e.g., ocean, sea, or large lake). This section
reports on the widarea 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 an average temperature abo24°C. The day of the year with theasmest water is
August 20, with an average temperatur€6f6°C The time of year with cooler water lasts

for 4.1 months, from December 26 to April 30, with an average temperature bela%C

The day of the year with the coolest water is February 216, an average temperature of
14.5°Cc M

Average Water Temperature
cool warm
85°F

30°F
75°F
T0°F
B5°F

60°F

55°F

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

Figure 11
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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, taking full account 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 daily incident shortwave solar energy experiences exdears@nal 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
kWh. The brightest day of the year is July 7, witrasarage of 8.0 kwWh.

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
the year is December 18, with an average of 2.6 kK¥vh.

Average Daily Incident Shortwave Solar Energy

dark bright i
9 kWh .
Jul T

8 kWh 8.0 kWh

Mayd T NAug 20
7 kWh 6.9 KWh B0 lh
6 kWh
5 kWh

Feb 10 Oct 28

4 kWh 3.6 kWA %7 kwh
shon gl Npsi

T —y—
2 kWh

1 kWh

Figure 12

According to the last population census of 2017, the population living/iamastir
governoratehas 585283 inhabitants.Whereasthe population foiMonastir municipality in
2017 was101,934citizens. ¥l

Based on the statistics that was done ib820he employees iMonastir District comprise
approximately48.9% of its population4.7% of them work in agricultural sectavhile 37%
of them work in technical field, and 44.8% work services.In the part of economically

10
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active citizens there is@&1% percentage that is currently unemployed and looking for.a job
[3l

Regarding the educational stabfdMlonastircitizens Monastir is a prominent educational
center in Tunisia, a percentage ol7.1% of the total population was enrolled in the
education in2017. The number ofirst primaryschools has reached 20 schools in the latest
statistics in 201,7wherethe number ofsecond primary and secondary schools anddst
rooms reached 13 schools a#d3 general and spadized study rooms. Total number of
teachers and students time first primary schools reached 516 teachers and 9247 ssident
with 17.92average number of students peachef?,

As for higher education where thefe The University ofMonastir which includes16
universityinstitutions. The total number of students of the University Mionastiris 18,876
studentsvith 969 administrativestaff for the academic ye@017/2018where 31.%6 of them

are males and 68.5% are femalbeTargest colleges are the Faculty of Science, followed by
the Faculty of Economic Sciences and Management and tlygheHilnstitute of
Biotechnology ¥

The Governorate provides a public network for access in water and drinking water. 100% of
the housing units have access in the watdwork.l n addi ti on, it seems
fully developed public sewage system and thus there is 85% of the papuilas access in

the public network. The rest of the housing units are been served by cesspoold?(2017)

The road network iMonastir Municipality consists of 45 Km of paveahd unpavedoads

of which49.3% are regional road49.3% local roads, and final 31.4% farm tracks!®

The economy oMonastir depends mainly omourism, sea fishing and industriylonastir
industrial zone includes 51 factorje®4 of them are textile factories with total number of
employees reachet767 in2017.

Also Monastiris characterized b$eafishing, whereNumber of fishing boatare 261 with
total Sea fishing production &f241tonsper year Whereasthetotal number of manpowen
sea fishing is aroun@00in 2017 [

As for tourism inMonastir, it contains many monuments, archaeological sites and museums,
in addition toMonastirbeaches, Were the total number diotels and hostelare 89, where
46% of them are clagséd hotels with totaHousing Capacitpf 24,264 guests®

11
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According to the Covenant of Mayors Guidelines for South Signatories, in order to develop

the energy balance sheet and consequently specify ther@i€sions, the year 1990 should
beconsidered as the bdise year. In case where theremrét adequate daata f ol
baseline year should be considered the nearest year to 1990 for which there are complete and
reliable data. Thus, for th&lonastir Municipality the baseline yedras been set t2016,

since it was the year with the most sufficient and reliable data avaifable.

Following a meeting of the consultant National energy Research Center (NERC) with the
Monastir representatives, it was made clear that their wish forBiBeis to cover the
administrative boundaries dfonastirmunicipality.

The sectors for which the appropriate data were gathered and calculationgdtalteerergy
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 and facilities (non municipal)
A Waterand Wastewater facilities.
A Industrial Sector
B. Transport
A Municipal fleet
A UrbainRail transport
A UrbainPublic transport
A UrbainPrivate and Commercial transport
A Local Ferriegransport

C. Solid waste management
D. Livestock breeding.

As regards agriculturegglthough 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.

12
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2.1.4 Emission factors and Conversion rates

The emission factors which are used in 8 were derived fromhe Covenant of Mayors
Guidebookin table 1. With the only exception ofhe electricity emission factowhich is
characteristic for the countryThe emission factor was calculated based e Tunisian
energy mix and thelectricity consumptionAccording tothe National Agency for Energy
Con s e r v &denceNuatiorfale pour laMaitrise de I'Energie  ( A N M& glectricity
emission factor in Tunisia is 0.602 tn&QivaetMWh.

Table1: Emission Factors & Conversion Rates

Emission Factor

(tn CO/MWh) Conversion Factors Source
Electricity 0.602 Not applicable ANME
Natural Gas 0,202 11,6 MWh/tn CoM/IPCC
Diesel 0,267 10 KWh/It CoM/IPCC
Gasoline 0.249 9,2KWh/It CoM/IPCC
Solar (thermal/ PV) 0 Not applicable

Furthermore, emissions from thomasswere calculated according to the IPCC method.

Waste separatioprocess SewageSludge and livestock breedimgeate methane emissions

(CHa) which areconvertedtoC®e mi ssi ons accor diltmgCHt=@5th he e q
CO0 .

2.2 Energy Consumption

The total amount of energy consumed Ntonastir Municipality is 577,867 MWh. The
allocation of this energy consumption among the different sectofsiebyype, is presented

in the next table. Further analysis of the consumptions per sector is provided in the following
sections.

Table2: Total Energy consumption per sector

MWh/ Natural Solar

Electricity Diesel Gasoline Total

Gas Thermal

Sector
Residential sector 54,080 35,936 4,856 94,872
Municipal Buildings 898 19 917
Tertiary Sector 79,792 46,707 1,186 127,685
Industrial Sector 22,360 93,257 115,617
Public street lighting 5,378 5,378
Transportation Sector 2,630 69,819 160,949 233,398
Total 165,137 175,919 71,005 160,949 4,856 577,867

13
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Tunisian Electricity & Gas Comparprovided electricityand NGconsumptios for the year
2016 for municipal buildings, organized by buildirmategoy: Administration, Markets and
Slaughterhouses, Cultur&ardens, SportThe total electricityand NG consumption of
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 tprepared study by the municipality2016. (See AppendixB).

Electricity
Monastitbs households consume electricity for I

refrigerator, air conditions and others, as well as in water hedtmgconsumed electricity
in this sectoris 54080 MWh in 2016 according tostatistics prepared byMinistry of
Development, Investment and International CoopergtnlIC) [,

Natural Gas (NG)

The only sourcefor space heatingand cookingin the houses is theatural gasfuel.
Estimations foNG consumption(Low pressurelere realized according to the dafaen

from STEG andstatistics by MDIIC The percentage of share for residential sector was
consideredas same as for electricitywith share percentage &6.926 of overall NG
consumption(except for agricultural, water pumping and waster sector since they do not
depend on the populationfhe annual NG consumption Monastirdistrict was given for
2016by the municipalitywith total value of(23 ktog for 33 municipalities withilVionastir
district. The percentage of consumption fdonastirdelegationwas calculated by knowing

the total subscribensumberfor each involved municipality as shown in the table belfbw
Basedon that, the annual NG consumption Monastir Delegationfor all sectors was
calculated tobe 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 twonunicipalities, which is 88.25% for Munastir municipality with overall NG
consumption of 8.38 ktoeAfter excluding Agriculture, water pumping and waste water
sectors from the overall natural geensumptionthe remaining overall NG consiption is

8.369 ktoeFinally, by using the calculated share percentage of residential sector, the annual
NG consumption for residential sectan be calculated to (809 ktoe 35,936MWh) for
Monastirmunicipality.

14



V
“SWEDEN_ Mu\ll‘A"RET

The MENA Region Initiative as a model of NEXUS Approach and Renewable Energy
Technologies (MINARET)

Table3: Annual NG (Low pressur@€pnsumption for Munastor district 2016

Delegationswithin Monastir district ~ Number of Percentage of Annual NG Consumption
Subscribers subscription (ktoe)

Monastir 22575 41.31% 9.50
Wardanin 3 0.01% 0.00
Sabhlin 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 AlImadyony 1277 2.34% 0.54
SayyadaHamtahbo hajar 3894 7.13% 1.64
Total 54645 100.00% 23

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 quatiifygave data at a national

level (658240 MWh) B and subsequently the soltérermal energy was calculatdxy
knowingthe populatiorratio betwea municipal and national levels. The total population at
national level wad.1,229700in 2016, whereas the population at municipal level 981384
(according statistics by MDIIE) with population ratio of 0.87%. Based on ththie annual

solar thermal consumption at the municipal level is calculated 4866 MWh.

Summary
Gathering all the data of the residential sector, it seems that resabesisme3 distinct

energy sources. ltable andigure below, the final consumption per fuel type for this sector
is presented.

Table4 : Total energy consumption in the residential sector

MWh/year Residential Sector
Electricity (MWh) 54,080
NaturalGas (MWh) 35,936
Solar Thermal (MWh) 4,856
Total (MWh) 94,872

15
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Figure 13: Energy consumption per fuel in Residential Sector

2.2.4 Tertiary Buildings, Equipment & Facilities

Tertiary sector includeall buildings that noteferredto themunicipaland industrial sectors,
which includes the commerciblildings such ashops, restaurantBotels offices,hospitals

Also this sector includeshe educationalbuildings GSchools andUniversities), public
buildings and water management facilities as Iwelhich provide services tdonasti s
citizens. It should be noted that water management facilities include facilities for water
pumpingandwaste water treatment. In case of commercial buildings, the approach used to
calculate the annudG consumptioris same one used for residential secBased on té,

the annual NG consumption at municipal level is calculated td&&{7MWh). The annual
electricity consumptionvas givenby MDIIC statisticsand billswith total value of(79,792
MWh). The colleced data are presentadthe table below

Table5: Energy consumption in tertiary sector per typsuatsector

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

16
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Inthenextchag it i s obvious that the consumptionds
Tourigm andcommerciak public buildings

Water & Waste

Managemen Agricultural
Facilities 2%
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Figure 14: Energy consumption in tertiary sector per type of building

m Diesel (MWh)
m Natural Gas (MWh)
m Electricity (MWh)

Figure 15: Energy consumption in tertiary sector per type of building and fuel
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225Bui l dingsé & facilities Synopsi s
The consumed energy allocation for all the buildings and facilitieMamastir Municipality is
presented in the next figure.

Diese Solar

1% \Thermal

2%

Figure 16: Energy consumption in buildings and facilities per fuel

2.2.6 Industrial Sector
Electricity consumption for industrial sector was given accordin§IBdIC statisticswith
total amount 022,360 M\Vh/yr) 31,

Natural gas consumption waalculatedusing the data from STE@nd statisticswhich the
same appradn done for the previous sectowas adopted for the dustrial sectar The
percentage of consumption fdonastir municipality was calculated by knowing the total
NG (Medium pressure) consumption feach involved municipalityn Monastir for 2015
year (as provided bMDIIC statistics®), which can be reflected on the provided annual NG
(Medium pressure) for 2016110.5 ktoe)as shown in the table belowhich the anual NG
(MP) consumption is78,399 MWh after taking the pop ratio for Munastir delegation in
consideration.

Table6: Annual NG Medium pressure) consumption ftdonastirdistrict 2015/2016

Delegationswithin Monastir NG (MP) consumptior Weight NG (MP) Consumption

district (MThermie) 2015 (%) (Ktoe) (2016)
Monastir 146 6.91% 7.64
Wardanin 0 0.00% 0.00
Sahlin 37 1.75% 1.94
Zarmadin 820 38.83% 42.90
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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
Qasibat almadyony 0 0.00% 0.00
SayyadaHamtah-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 the total annual NG (Low
pressure) consumption. Thus, the total NG consumption (LP & MP) was calctdabex
93,257MWh/yr

One of the most important transportatisays in Monastiris by the rail transport, where
there are 2Electrictrainsand otheiGasoiltrainsservethe travelersvhich controlled by the
National Railway Company of Tunis(dlRCT).

The annual electrical energy consumption for this sector can be calculated by knowing the
annual traveled distance (km) withiMonastir boundaries and the specific energy
consumption per distaac(kWh/km) based on data received from (NRCT), the annual
travelled distance bthe rail transport along the line (end to end) &@16 is 998,063km

with total traveled strokes dfL4,607 strokes), Knowing that one complete stroke (end to
end) has a distance 68.3 km, whereas the length of the rail line crossiMgnastirborders

is 16.8 km (according to NRCT responsible). Also the specific electricity consumption
(kWh/km) for the line was given bMRCT for each month with the traveled distance. Thus,

by considering all the above numbers, #dsimatedannual energy consumption in the ralil
transport wihin Monastirborders i2,630MWh . Further analysis is presentedTiable?.

Also there are some Gasoil trains which consi886,931Liters per year (according to
NRCT responsible). Which fuel consumption witiMonastir municipality borders can be
estimated using the same above approach 81,867 Liters per yea(813.6 MWh/yr).

Table7: EnergyConsumption in Rail transportation withMonastir Municipality borders2016
Energy consumed

Total traveled Total Traveled distance Specific electricty . .
. o - ; within Monastir
2016 distance within Monastir Borders consumption Municipality borders
(end to end )(km) (km) (KWh/km) szw)r/o
Jan 84,574 20,795 9.47 196,924
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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

As far as the consumption of the municipal vehicles is concerned, the available data, followed
by the vehiclesd type, was c oMohastibtse dnuana i ipa
fleet has71 vehicles which use diesel and gaselin

Table8: AnnualEnergy Consumption in Municipal fleetMbnastir

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

UrbanPublic transport refers to buses daglies that serveMonasti® s zens. The dattor
fuel consumption are available for buses only, whereas the taxiésLouage taxies
consumptios werecalculated based on the data given for the total taxies nuantedaily
fuel consumptiorwithin Monastir municipality limits The energy consumptionesults are
summarized in tabl@ (see appendix C)
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Table9: Energy consumption in Public Transpavithin Monastirmunicipalityborders

Vehicle Type Number of vehicles| Daily Fuel Diesel Gasoline Total (MWH)
passing the consumption | (MWh) (MWh)
Monastir per vehicle
municipality (Lit/day)
borders
Buses 8,740 0
Taxis 600 12 0 25,544
Louage (within the
district borders) es 2 e g 39,631
Louage (outside the
district borders) 51 15 2,792 0
Total 14,087 25,544

2.2.7.4 Urban Road Private and Commercial Transport

The previous methodological approach and assumptions was used in this sector too. In
Appendix C is presented the detailed analysis per vehicle categorytofakenumberof
registerecprivate and commercial vehiclésr 2016 yeamwas not available, thus,published
statistic study was used to estimate the vehicles types and numbers in ffiniEeen the

total number fo each vehiclecategorywas reflected tomunicipal level lased on the
population ratio and thactivity ratio in the municipality. e total estimated vehicles
number inMonastir municipality is17365 and the total consumption regarding Diesel and
Gasolineis 187,619 MWh. Table 10 shows theanalysisresults and outputs regarding the
diesel and gasime consumptions.

Table 10: 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 presentghe proportion between Diesel and Gasolbeasumptionin the Private
and Commercial vehicles.
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Figure 17: Energy consumption in Private and Commercial vehicles per fuel

2.2.7.5 Local Ferries Transport

Due to existing ofMarina Monastir within Monastir Municpality borders, the energy
consumptiorfor Local Ferrieswill be consideredThe fuel consumption fahe local ferries
was calculated based on the data given for the total ferries nanmbdaily fuel consumption
within Monastir municipality limitsas well as the number of days per year that have ferries
travels.Theenergy consumptioresults arsummarized in tablgl.

Table 11 Energy consumption ibocal FerriesTransport

No of days | fuel cons. Per| Annual fuel
Name of Passengers that have day as per | consumption
No. ; . o MWh/yr
ferry Capacity | ferries travels| municipality | for one ferry
(Dayslyr) data (Lit/yr)
1 | Barbaros 120 30 80.0 2,400 24
2 | AlBasha 76 50 40.0 2,000 20
3 Lac majeur 2 56 60 80.0 4,800 48
4 |1Fyol Q 72 50 40.0 2,000 20
5 | AlQursan 75 60 60.0 3,600 36
6 | Sultan 90 50 80.0 4,000 40
Total 18,800 188

Table 12 and figure 18 summarize the overaknergy consumption and share for each
transportation sectpwhich show that th@verall energy consumption &19,184MWh/yr,
whereasurbanroadprivatetransportation take the largest share with percentage of 35%.
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Table12: Total energy consumption for transportation seetihin Monastirmunicipality borders

RET

Number

Vehicle Type of Electricity Diesel Gasoline Total
vehicles (MWhyr) (MWhyr) (MWhyr) MWh
Municipal Fleets 71 0 1,984 530 2,514
Urban rail > 22 2,630 814 0 3,443
transport
LB (RTE > 600 0 14,087 25,544 39,631
Transport
Urban Private and
Commercial 17,365 0 52,744 134,875 187,619
Transport
Local Ferries 6 0 188 0 188
Transport
Total 2,630 69,817 160,949 233,396
Local Ferries Urbain rail

Transpor

Municipal Fleets

transport

0.08% ' 1.48%

Figure 18 Energy consumption distribution in transportation sector
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2.2.8 Final Energy Consumption

N

N

MINARET

In the next table all the energy consumptions witMonastirmunicipalityare presentedyith total energy consumption 677.8GWh.

Table 13: Total Energy Consumption Monastirmunicipality

FINAL ENERGY CONSUMPTION [MWh]

. Renewable
Fossil fuels )
energies
Sector o
Electricity | Heat/cold | Natural Natural Total
Gas Gas Diesel Gasoline Solar
(Low (Medium Thermal
Pressure) | Pressure)
Residential sector 54,080 35,936 4,856 94,872
Municipal Buildings 898 19 917

Tertiary Sector 79,792 46,707 1,185.84 127,685
Industrial Sector 22,360 14,858 78,399 115,617

Public street lighting 5,378 5,378

Municipal 1,983.83 530 2,514

Fleets
Urban Road Public 14,087.25 | 25,544 39,631
Transportation | Transportation Transportation
Sector Private 52,744.17 | 134,875 187,619
Transportation
Urban Rail Transportation 2,630 813.67 3,443
Local Ferries 188.00 188

Total 165,137 0 97,521 78,399 71,003 160,949 4,856 577,865
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Chart below shows the energy consumption distribution fdvlahastid s s ect or s, whi
be notedthat the energy consumption is distuted equally for residentialndustrial and

tertiary sectorswith percentage of aroun20%, whereas the transportation sector took the

largest share of energy consumption between all sectors with percentdfeé.of

Municipal Buildings
0.16%

Public street ‘

lighting
1%

Figure 19: Energy consumption distribution for all sectordvimnastir Municipality
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In municipality of Monastir thereis no local electricity productioexceptfor few small
rooftop systems which is not clear the total PV capacityeshth

In the previous sections the energy consumptionglonastir municipality were described,
which the CQ emissionsanbe calculated using the IPCC emission factors.

Electricity

In order to calculate the local emission factor for electricity, the following equation is used:

006

Where:

EFE: Local emission factor for electricity (tn/MWh)

TCE: Total electricity consumption in the local authority (MWhe)

LPE: Local electricity production (ZWhe)
GEP: Green electricity purchased by the local authority (MWhe)

NEEFE: National or European ession factor for electricity (tn/MW\&)

CO2LPE: CQ emissions due to the local production of electricity (tn)

CO2GEP: C@emissions due to production of certified green electricity purchased by the
local authority (tn) [P

0°0O ‘8 = 0.602th CO/MWh

Diesel
According to the SECAP guidelines the £&nission factor forhite diesel used in vehicles is
0.267 tn/MWh. No biodiesel is being blended.

Gasoline
According to the SECAP guidelines the £nission factor for gasoline is239 tn/MWh.

Natural Gas
According to the SECAP guidelines the £nission factor foNG is 0,202 tn/MWh.

Solar thermal
The solar ther mal power hasnot emi ssions th
guidelires
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Apart from the CQ emissions released from the daily activities, also there is a significant
amount of Greenhouse Gases derived from waste management and waste water treatment
plants.

In the Monastirmunicipality there is a wastewater treatmplaint treathe waste water which
produced from the municipality, in addition to the municipal solid waste production in the
municipality.

Here is the Co2 emission contribution of the biomass in the munigipalit

A- Municipal solid waste

In order to calculate the emissions from municipal solid waste, the IPCC default method was
used as it appears below:

Met hane emi ssions (Gg/yr) = (MSWT O-RMSWF 0 N
(2-OX).....(2)

MSWT : totalMSW generated (Gg/yr)

MSWE: fraction of MSW disposed to solid waste disposal sites
MCF: methane correction factor (fraction)

DOC: degradable organic carbon (fraction) (kg C/ kg SW)
DOCEF: fraction DOC dissimilated

F: fraction of CH4 in landfill gas (IPCC tiult is 0.5)

16/12: conversion of C to CH4

R: recovered CH4 (Gglyr)

OX: oxidation factor (fractiofi IPCC default is 0)

= =4 4 -4 45 8 -8 2

=a

The IPCC default method assumes that all the potential of CH4 emissions releases during the
same year the waste is disposed of. Thénateintroduces various specific default values and
recommendations, for use in countries with lack of statistical data for Solid Waste.

The calculation of the degradable correction factor (DOC) is based on the following equation.
DOC=0,4*A+0,17*B+0,15*C+(*D.....(2)

Where:

A Percentage of paper and textiles in SW

By Percentage of garden and park waste and other organic putrescibles in SW
C Percentage of Food waste in SW

D Percentage of wood and straw waste in SW

= =4 -4 4
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The form of this suggested equation was followed directly because in the cabtopéstir
municipality there wasnodot a different compo:
order to calculate the DOC.

The total quantity of solid waste for 2016asv43,800 tnThe entireamount is thrown in
landfill. Waste composition, as well as the results from the calculations is presented in the
next two tables.

TableX: Solidwaste composition iNonastir, 2016

Solid waste composition Percentage tn/a
garden waste 6% 2,628
paper 1% 438
wood 1% 438
glass 1% 438
Organic Waste 80% 35,040
metal 5% 2,190
plastic 3% 1,314
Textiles 1% 438
others 2% 876
Total annual waste in tn 100% 43,800

Table 15: Waste Emissions Calculation factors

Variables Values
MSW: 44
MSW: 1
MCF: 0.4
DOC: 0.3347
DOG 0.648
F: 0.5
16/12: 1.3333
R: 0
OX: 0

Where DOG=0,014*T+0,28 (T: average temperaturdMonastir, 26.3C)

All things considered, 2,500.22tn of methane are released due to the waste management. This
guantity equals to 62,505.52tn of equivalent2C(ccording to the guidelines the factor
which was used for the conversion is 25)
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B- Waste Water Treatment Plant (WWTP)

In order to calculate the emissions from WWTP, the IPCC default method was used as it
appears below

CH4 emissions = (BT *EFj)*(TOW-S)}R

Where:
T Ui : fraction of population in income in inventory year
T Tij : degree of utilization of treatment pathways or system
7 EFi: emission factor
T R : amount of CH4 recovery in inventory year.
1T S : organic component removed in inventory year as sludge
f TOW :total organics in waste water during inventory year

The calculation of the emission factor factor (EFi) is based on the following equation.

EFi =BU* MCF]j
where:

f BU :Maximum CH production Capacity
1 MCFj : methane correction factor

andto calculate of the total organics in waste water in inventory year (TOW) is based on the
following equation:

TOW= P*BOD*0.001*I*365

where:
T P . country population
1 BOD . country spesific per capita BOD
T 1 . correction factor for additional industrial BOD discharge
into sewers

The plant treats daily about 4,174,738 of waste water, and the total quantity of sewage
sludge for2016 wass21.2 tn from theMonastirmunicipality. Waste composition, as well as
the results from the calculations is presented in the next table:
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Table 16: sewage Emissions Calculation factors

Ui 0.09
Ti,j 0.7
EFi 0.06

R 0
S 1,428
TOW 5,073

All things considered, 6.99 tn of methane are released due to the waste management. This
guantity equals to 174.84 tn of equivalent CO2. (According to the guidelines the factor which
was used for theonversion is 25).

C- Livestock Breeding Sector

In Monastir Municipality there is a small livestock breeding sector. There are cows, camels
and sheep breeding in tMunicipality.

The table below shows the nber of head from each type of livestock addition to the
annual emission factor:

Table17: Number of heads aremissiorfactor for livestock breeding in Mastir Municipality.

Type of livestock Number of heads Emission factor (Kg CH4/year
Cows 655 1
Camels 15 2.56
Sheep 2350 0.2

All things considered, 1.16 tn of methane are released due to the livestock breeding. Th
guantity equals to 208 tn of equivalent C® (According to the guidelines the factor which
was used for the conversion is 25).
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2.4.3 Final CO;, emissions

The emissions of C{equivalentor the sectors that have been described in the previous sections are available, in total, in the following table.

Table 18: Total CQeq emissions foMonastirMunicipality

Total CO2eq emissions [tnCO2eq/year]

Fossil fuels Renewable energies
Sector Natural
Electricity | Heat/cold | Natural Gas _ _ Other Solar Total
Gas (Low ; Diesel | Gasoline | .
(Medium biomass | thermal
Pressure)
Pressure)
Residential sector 32,556 7,259 0 0 0 39,815
Municipal Buildings 541 4 0 0 0 544
Tertiary Sector 48,035 9,435 0 317 0 57,786
Industrial Sector 13,461 3,001 15,837 0 0 32,299
Public street lighting 3,238 0 0 0 0 3,238
Municipal 0 0 0 530 132 662
Fleets
Urban Road Puble 0 0 0 3,761 | 13,438 17,199
Transportation | Transportation| Transportation ’ ' ’
Sector Private 0 0 0 14,083 | 33,584 47,667
Transportation
Urban Rail Transportation 1,583 0 0 217 0 1,800
Local Ferries 0 0 0 50 0 50
Sub-Total 99,413 19,699 15,837 | 18,958 47,154 201,060
Non Energy Sources
Waste Water treatment Plant 175 175
Live stock breeders 29 29
Solid Waste Separation Plant 62,506 62,506
Sub-Total 62,709 62,709
Total 99,413 19,699 15,837 | 18,958, 47,154 | 62,709 263,769























































