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Abstract
By We apply ing the logarithmic mean Divisia index to a dataset of 4- four economic-
energy-using sectors (manufacturing, agriculture, transport and tertiary) and the residential

sector, we—and examine study the underlying—ferces—factors contributing to driving—the
grewing- increase in tetal-energy consumption and changes in patterns of use the-centributing

factors—of the-changes—of-in Tunisia. #’s energy-use-in-these-sectors-and. w e-find-that-for
econemic—sectors,—eEnergy consumption in_commercial sectors is mostly influenced by

activity ehange—and intensity changes but—for and in residential sector, there—are—income
change-and population changes whe-contribute the most to the change in final energy use.

1. Introduction

During—_Over the past decades, energy analysts and policy makers have shown
increasing concern over abeut-the adverse effects of energy use. Two major reasens- factors
are behind this interest—-the-increasing energy demand and the-aceeleration-of _continuous
environmental degradation. Fhe—aim—of-e Energy and environmental policy is aimed at to
reducing e pollution ant emissions into the atmosphere, in particular those related to energy
use. Energy is considered as-the principal source of pollutant emissions, in particular CO,
emissions. Several methodologies have been developed to surround temporal variations in
energy and environmental factors for a single country or a panel—_group of countries.
Decomposition Analysis (DA) methodologies, i.e. Index Decompostion Analysis (IDA) and
Structural Decomposition Analysis (SDA), were as developed to identify the specified factors
responsible for which-contribute-to energy demand and related CO, emissions (Ang,_2004b,
1999). Reviews of IDA can be found in Ang (2004b, 1995) and Ang and Zhang (2000). IDA
methods eenstitute- are a widely accepted analytical tool for_in policy making s to evaluate
energy conservation programs as-i-the-werks-ef-(Ang and Liu (2007) and Reddy and Ray
(2010)) or to analyze the scenario of future evolution (Ang, 2004a). But-However, there is no
consensus among researchers on abeut-which-is-the ‘best” decomposition method. Fwe- Both
the_main methods,—are—used;—these-based-en the Laspeyres index and these—based—on-the
Divisia index, are used.-
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Boyd et al. (1988) proposed the Divisia index approach as an alternative to the
Laspeyres index approach in energy decomposition analysis. Extensions ef-methods-tinked-to
the Divisia index have been made since the early 1990s. Relevant studies include Boyd et al.
(1988), Ang (1995), Ang and Choi (1997), Ang et al. (1998), Ang and Liu (2001), Ang (2005)
and Reddy and Ray (2010). Other studies have—made—compare risens between different
decomposition approaches or methods such as Howarth et al. (1991), Greening et al. (1997),
Ang and Zhang (2000) and Zhang and Ang (2001). A range of techniques have been
established, among which the log-mean Divisia index (LMDI) technique has been identified
as the preferred approach by Ang (2004b) and Ang and Zhang (2000) due to its mathematical
properties: perfect decomposition, consistency in aggregation and ability to handle zero
values. The LMDI approach has both additive and multiplicative forms. The basic
mathematical formulae-for of LMDI has been reported in detail in a number of studies (Ang
and Zhang, 2000; Ang and Liu, 2007; Ang et al., 2009; Ang, 2005 and 2004b).

Since From-the beginning-of-the early-80s Eighties, Tunisia has in place set-up-a long-
term policy of energy management which wa_is based on four instruments: institutionsal,

lawful, finance tal-and tax. The-implementation-of thispohicy-is-based-on-s Several initiatives
have been made such as the creation in 1986 of the Agency of Energy Management (ANME
today) which rele-is to develop a mechanism for the rational use of energy as well as the
promotion of renewable energies. Fhe-rele-ofthe-STEG (Tunisian Company of Electricity and
Gas) is—alse_was established —nportantin_ to-the develop_mentef-renewable energies, in
particular, through the development of wind parks (54 MW installed and 190 MW in
progress), the promotion of the-photovoltaic solar roofs and the diffusion of solar-fired heater
PROSOL. Likewise, H—the—same—way, an Indicated(?) National Authority (AND) was
established instaled-in sinee-December 2004 for-the-appreval-ef to consider -MDP projects
(Mechanism for a Clean Development) in the-sectors that have ing a potential of reducing
GES such as energy seetors-and industry. This mechanism makes it possible to sell Units of
Certified Reduction of Emissions (URCE) and the revenue earned ef-this-sale represents-_is
usedan additional-seurce-to for the-natienal-investment s and te transfer of clean technology.
fransters

This paper is—an-appheation-of applies DA to the data fer-of the Tunisian economy
which has not been examined up—to_until now. And—aAmong the various decomposition
techniques, we choese the LMDI decomposition method-fer-our-study. The rest matnder of
the paper aim-to-presents (ii) present-the energy consumption and carbon dioxide emission of
5-five energy-end-use sectors, namely, manufacturing, agriculture, transport, tertiary and
residential sectors in Tunisia, (iii) identify the factors that contribute to the change of energy
demand in these 5-five energy-end-use sectors over the period 1990—-2008 by using the
LMDI approach, and (iv) te-cenelude conclusion.

2. Tunisian energy context:

2.1 Energy balance in Tunisia

The major energy resources in Tunisia i energy-resources-are essentially-composed-by
oil and natural gas._In-Sinee 2001, Tunisia passes-from-the-status-of-an-active-balance-to-the
status-of became a net importer of energy-—Fhatis-explained-by-the due to stagnation ef-the in

natienal-_production, but whie-energy-consumption deesa’t-stop_kept rising. -grewing-tp-
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Figure 2. Energy balance in Tunisia during 1980—-2010.

2.2 Economic growth trends

During the-1990—-2010-period, the GDP knew- grew at an annual average growth-rate
of 4.82% passing-from 10,-815.8 TMD in 1990 (at constant prices 1990) to 28,-523.4 TMD in
2010 (Fig._2). The GDP structure has changed, especially since 2000, with a-the share-of
services in-the GDPR-growing; infaver-of-the-services—and the industrial sector as a whole
remained g almost stagnant. for-the-industrial-sector-as-a-wheole.
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Figure 2. Value addition for each-addedper sector_in Tunisia and growth of GDP-evelutions at

constant prices as of 1990-ir-Funisia;
(1990—-2008)

2.3 Energy consumption

Sinee—1985; t Primary he Tunisian—energy primary consumption in Tunisia passed

grew from 3889 ktep in 1985 to 7897 ktep in 2008, with an annual average rate of 3.12%
during this period.
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Figure 3. Sector-wise Final final energy consumption in Tunisia by-seeter: during 1990—
2008

e Manufacturlng mdustr)ues followed by transport and the—re5|dent|al sectors Wh+eh
contributed the most to the rise of-_in the final energy consumption_in Tunisia. -ir-the-country.
Fhe-While oil products are widely remain-the-mere-consumed- used fuelin Tunisia, with 63%
of the total, but-the-the share of natural gas and electricity has ve-also seen-—their—shares
increased ing passing-respectively to 21% and 17% in 2008 compared with only 10% and 9%
in 1985.

2.4 GHG emissions
The GHG emissions due to energy did-ret-cease-inereasincrease increased to ing-te
reach_ 2.65 téCO, habitant person in 2008 against 1.;91 téCO,/person habitant in 1985, with
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an annual increase of 1.;4%. These emissions remain-weak-are relatively subdued in relation
compared to the—industrialized countries. The urban—population in urban areas in 2008
represents-a-grewing-share-accounted ting for 65% of the total population, while against-35%
allewed-to the rural pepulation—_population represented the rest #r—2008-(NSI, 2008). The
GHG emissions due to energy come-emanate from two sources: energy combustion and
fugitive emissions.—Fhe f Fugitive emissions emanate from are—related—to—the—production
activities—-transport and hydrocarbons distribution. These emissions kn_grew at n-inerease
0f-2.6% per annum between 1985 and 2008; attributed-to-entry-in-production;-since-1996-of
because of the natural gas layer (?) and the development in 1996 of the transpert-capacity-of
the-Trans--Mediterranean gas pipeline. The GHG emissions due-te_from energy combustion
come—emanate from six sectors: energy processing industry (electricity production and
refining) and five final energy consumption sectors: manufacturing industry, transport,

residential, tertiary(?) and agriculture-seeters. In Tunisia, the-typelogy-of GHG-emissions-due
to-combustion-by-type-of-gas-shows-that-the-carbon dioxide emission_s (CO,) represents-the
dominates deminating-share—of-total-emissions-with almost 98.3%_ share. The remainder is

distributed between methane (CH,4) and nitrous oxide (N,O) which respectively account for
1.1% and 0.6% of the whole emissions due to combustion (Fig. 9).

2.5 Energy intensity
During the-eighteens 80s, both primary and final energy intensities recorded a rise due
to accelerated growth rate-of industrial sectors in highly intensive in-energy--use areas such as
the IMCCV (construction materials, ceramic and glass industries) and the-mines. But-sinee
Between 1985; they-remainedrather-stable-and until the end of the nineties 90s they remained
rather stable- -Sincethese-two-intensities, and started-to-decreased thereafter. This fall is _due
to a—consequence—of-two mainr-reasons:—i) the energy management policy followed by the
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country since 1986 (creation of National Energy Management Agency: ANME) ,and ii) the
structural change brought efthe in production in the Tunisian economy in favor of lower-less
energy--intensive industries and ef-the-services. ta-fFigure 4,-we represents the results- data of
final energy intensity eatetated-by of different sectors in—Funisia—frem-between 1990-te and
2008 Wei—mdrlt shows that thatthe transport sector has S the hlghest energwntensny relative

manufacturmg mdustry and agrlculture sectors
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Figure 4. Energy intensity for Tunisia by sector, 1990—2008

3. Decomposition of total energy consumption in Tunisia: data and application

In-this-study;-w We apply LMDI formulae to fer-decompo decompose sing changes in
industrial energy consumption in a time--series analysis as presented in Ang (2005, 2004a)

order—to separate al-the three effects ecited—abeve mentioned earlier. ta—detathb—t The
methodology focuses on the analysis of the following driving forces-effeets:

- Activity effect, which gauges the effect of total output change on the assessed indicator.

- Structural effect, which measures the effect of a variation in the production shares of
economic sectors.

- Intensity effect, a technological effect which measures the energy use per unit of constant
monetary value of output. This indicator is preferred in-this-analysis here as because-it allows
a comparison across end-energy-use sectors, in contrast to physical energy intensity, i.e.
energy use per unit of physical output, that-_as it is better- suitable for the analysis of energy
efficiency, and permits irternational-comparison_s of a certain manufacturing subsector on a
global scale (Reddy and Ray, 2010, Ang and Zhang, 2000).

Fhe-d Decomposition analysis was done eenducted-using data for em the period 1990-
—2008. However, F the major challenge of-for the estimation is that-there—are-no-consistent
reliable final energy use and CO, emission_s data sources are available in Tunisia forthe
classifying ieation of-_the different economic sectors-in—Funisia. Owing to the-time and data
constraints, the economy was structured—_divided into five seeters_categories: agriculture,
manufacturing, transport, tertiary and residential-sectors. The residential sector deesa’t-present is
not a value-added one; its energy intensity is calculated as the ratio between final energy use and total
private consumption expenditure-during-the-period. We’ll _analyse de-the-decompesition-of-its energy

use and-present-Hsresuls-separately.
This paper— work has made use of various data sources. These data comprise yearly

observations over the years 1980—-2008, namely:




- Gross domestic product in million Tunisian dinars (MDT) in 2005 constant prices,

- Value-added per sector in study in MDT in 2005 constant prices,

- Total and per sector final energy consumption in thousand tons of oil equivalent

(ktoe),

- Total and per sector energy intensity in tep/1000 DT.

- Total population

Energy data are collected ferom the National Energy Efficiency Agency (ANME). The
GDP and the data are collected value—added—per—sector—are—taken—category-wise from the
National Accounts, International Financial Statistics and the frem—National Institute of
Statistics +-with 1990-censtant prices as the base; and-we-do-transformations-on-these-data to
fet-them are recalculated at be-ir 2005 constant prices. Population is-data are taken from the
National Institute of Statistics.

3.1 Industry energy use decomposition for Tunisia, 1990—2008:

and the energy intensity effect (AEjn) of 4- four sectors: manufacturing industries, agriculture,
transport and tertiary??? by decomposing the aggregate energy consumption are-expressed-as
elows:

4LE, VA, <&
eyt A S @
i=1 it ZVAit i=1
i=1
4
Et :Zlit*sit*Yt (2)
i=1
Wwhere

Ei: = energy consumption of sector i at time t
VA = value--added of sector i at time t

Y= > VA= total value of output at time t

E, . . .
I, = V—” =energy intensity of sector i at time t
it

VA, A
S; = - — = share of value of output of sector i at time t
VA,

i=1

Applying LMDI in its additive form, the change in total energy consumption between
any two years (t and t-1), AE, is decomposed as follows:

AEtotal = AEactivity + AEstructure + AEintensity (3)

A where:

E'-E™ Y
AE, ., =) — 1 __In| L 4
o Z‘ InE! —InE™ [Yt_lj )
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The results of energy consumption decomposition analysis are presented below-in ¢ Table 3.

Table 2. Results-ef-il Industry energy use decomposition for Tunisia, 1990—2008:
LMDI additive decomposition

Actuael value Economy Shares in total effect (%)
Total Energy
Year | Consumption Model
1990 5088 Differences BB | By | A Difference s | ABzet OEsr AE;n
1901 2.971 55 7 | os7 | s 1 7472 | 3330 514.3
1992 3143 172 240 14 -82 172 139.4 81 -47.5
1993 3250 - 83 2 B 107 774 206 71
1994 3383 133 111 65 43 133 833 49.2 324
1995 3452 & 73 ’ a e 105.2 207 349
1996 3586 -~ 154 | 207 | 187 13 1150 | -1542 1393
1997 3733 147 300 | -81 | -161 147 2650 | 553 -109.6
19908 3.886 58 186 | 20 53 153 1216 129 345
1999 4076 190 2 2 -80 190 1433 12 -42.1
2000 4322 - sa | a0 s 216 626 164 210
2001 4479 157 25 | 12 | 56 157 1434 7.4 -36.0
2002 4423 55 18 o | 2 % 849 | 1463 3856
2003 4525 iR 286 | 4130 | 54 102 2805 | -127.4 531
2004 4736 211 279 | 59 | o 211 1323 ) 279 44
2005 4671 = 52 | a1 | 20e - 2353 | 170 3183
2006 4782 111 317 | 95 | - 11 2854 | 857 996
2007 4959 177 278 5 -106 177 157.1 3.0 -60.1
2008 4-891 .68 247 11 327 68 -363.6 -16.9 480.5
Total 3621 | -527 | -1191 1903 1903 | -27.7 -62.6
Notes:

AE,: changes in energy due to activity effect; AEg,: changes in energy due to structure effect; and AE;..: changes in energy

due to intensity effect.

Energy consumption in kilo tonnes of oil equivalent (ktep); industrial production in million Tunisian dinars (MDT) in 2005

constant prices and energy intensity in tep/1000 DT.
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We note that LMDI gives perfect decomposition, i.e. the results do not contain an
unexplained residual term. The total change_s in energy consumption shares which results
from activity, structure and energy intensity effect, respectively, are: 190.3%, -27.7% and -
62.6%. The output effect is positive when more output can be produced with the same energy
use (Reddy and Ray, 2010). If this effect is positive, it implies an improvement in energy use.
The structural effect shows the changes in product mix in the economy, which was induced by
changes in the composition of GDP. This effect is negativeit implying a shift ies-a-movement
to wards less-energy--intensive industries: thus,-and-then-we H-find-energy intensity decreased
ing during the-period-in-study{1990—-2008). Finally, intensity effect measures improvements
in energy efficiency, changes in technology, efficient energy management practice or any
other factor which is not related to the volume of output or composition. In Tunisian case, this
effect is negative. There is a decrease in total energy use per unit of GDP which implies
improvements in energy use.

Figure 5 shows the annual trends in energy consumption at the macroeconomic level
in chaining and decomposition between two consecutive years.

®WAE [OSE mIE @TE
500.0 -

400.0 A

300.0 - E i
2000 - i ‘1 E g g C g E
100.0 g ‘i g

-100.0 -

-200.0 -

000Z-666T gt

00Z-£00&

T00Z-000gal

€66T-266T
866T-L66jm

S66T-766T

-300.0 A

-400.0 -

Note: AE= activity effect, SE= structural effect, IE= energy intensity effect and TE= total effect

Figure 5: Decomposition of change in total energy consumption (1990—2008)

The analysis shows that energy consumption is mostly influenced by activity change
and intensity changes. Activity effect (AE) has positive impact and intensity effect (IE) has
negative impact. The negative impact of structural effect (SE) is also clear in the figure.

As shown in_F-figure 5, AE is the main- significant explaining-factor for the-increase
of- in total energy use in the Tunisian economy. It accounts for {+190.3%) of change in
energy use over the period 1990—2008. Fhe-IE has more-greater impact than-the-structural
effeet-(approximately twice) than the structural effect on change in total energy consumption
and both are negative—TFhis—means— implying that-there-was-a significant improvement in
energy efficiency. Thus, and—that-the ecompesitien—of—Tunisian economy has become
somewhat less energy intensive over time. Hence, the overall effect on energy consumption

was is-abways-positive during the period of study, but although-it- turned negative doesn’t




impreve, during the laster period of study years; due-te as the negative signs of both intensity
and structural effect offset ting the positive impacts of AE.

| Table 3. Results of decomposition of change in energy consumption in Tunisia: 1990--2008

Activity Level Impact Structure Level Impact Intensity Level Impact
Manuf Manuf. Manuf.
Agr  Indust  Trans Tertiar | Econ Agr Indust  Trans Tertiar | Econ Agr Indust Transp  Tertiar Econ

1991 10.3 59.3 446 128 127.0 21.2 28.9 -97.3 9.4 -56.6 -5.5 -142.2 53.7 6.6 -87.4
1992 209 108.0 85.7 25.2 239.9 -6.8 -20.1 36.2 4.6 13.9 9.8 -63.9 -29.9 2.2 -81.8
1993 7.7 36.0 30.2 9.0 82.8 -23.0 47.0 2.4 53 31.7 50.4 -85.0 223 4.7 -7.6

1994 10.4 47.0 412 121 110.7 -43.1 59.3 41.5 7.7 65.4 27.7 -63.3 0.2 -7.8 -43.1
1995 6.6 30.5 27.5 8.0 72.6 -38.9 30.1 182 111 20.5 333 -46.6 -8.7 -2.1 -24.1
1996 14.0 64.4 585 171 154.1 68.8 -253.0 -38.8 16.2 | -206.7 | -61.8 245.5 223 -20.4 186.6
1997 345 1619 1495 436 389.5 -33.9 -27.6 -45.8 25.8 -81.4 -14.6 -93.3 -7.7 -45.5 -161.1
1998 15.9 77.6 723  20.2 186.0 -11.4 14.8 14.4 2.0 19.8 12.5 5.5 -30.7 -40.1 -52.8
1999 232 1145 1064 281 272.2 12.2 -1.4 -8.4 -4.6 -2.3 -24.4 -42.1 -3.0 -10.5 -80.0
2000 13.2 65.1 59.2 16.6 154.0 -14.6 33.9 21.0 0.0 40.3 304 31.0 -63.2 53.5 51.7

2001 195 96.7 83.6 253 225.1 -29.3 26.5 -19.5 10.7 -11.6 229 -21.3 -37.1 -21.0 -56.5
2002 4.0 20.7 17.5 5.4 47.6 -42.8 13.1 -743 220 -82.0 4.8 -51.8 41.7 -16.4 -21.6
2003 232 1235 1054 340 286.1 36.9 -102.8  -69.5 5.4 -130.0 | -39.1 -5.8 -6.9 -2.4 -54.1
2004 230 1201 1015 344 279.0 254 -101.7 15.6 1.8 -58.8 -31.5 89.5 -73.1 5.8 -9.3

2005 12.8 64.4 56.1 19.2 152.5 -44.9 -34.0 463 215 -11.0 39.1 -150.2 -56.4 -38.7 -206.3
2006 26.3 1339 1169 39.6 316.8 3.6 -70.0 -40.2 114 -95.2 -40.0 79.1 -91.8 -58.0 -110.6
2007 221 119.7 101.7 345 278.0 -18.9 29.1 -9.7 4.9 5.4 -4.2 -93.8 -3.0 -5.4 -106.4
2008 19.3 106.0 91.1  30.9 247.3 -22.9 10.7 17.1 6.5 11.5 -2.4 -142.7 -133.2  -484 -326.7

The activity effect

Of the three effects, Fthe activity effect had the largest cumulative impact efthe-three
effeets-and it was-also-the best explains er-of the cumulative change in energy consumption.
Over the entire analysis period, the activity effect had a positive effect but it did not show a
constant growth rate. Large activity effects between 1996 and 1997 (389.5) were closely tied
to the expansion of GDP growth rate during this time (11% in 1997) asshewn-inf (Figure 6).
The—_leading main—contributors ersecters to the total activity a effect are manufacturing
industries and transport, followed by tertiary and agriculture sectors.
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Figure 6: Growth rate of GDP (%) in Tunisia (1990—2008)
The-il Intensity effect

The intensity effect was the second largest effect—tt and is the—main_significant factor
operating in the opposite direction with its-negative effect. In certain years, the its direction river of
intensity-effect-was clear, in particular during the last year of the study period (2008).

Aggregate intensity changes are affected by intensity changes in the underlying sectors
(agriculture, manufacturing, transport and tertiary sectors) as well as by changes in the composition
(product mix). We-note-that-f The share of the intensity effect becasme more evident when the share of
the manufacturing industries increased as in 1996, 1997, 2005 and 2008.

TFhe-s Structure effect

Fhe—_ Compositional changes defined as the structure effect is a component of energy
consumption. The positive structure effect shows that the sector has been more energy-intensive
during the study period (Zhao et al., 2012). The structure effect embodies two effects: (i) the
structural shift in sectoral consumption between energy--intensive activities and those that do not
directly use energy in final consumption, and (2ii) the energy efficiency changes in energy-using
products. We notice that the total structure effect is always negative during the study period-in-stuehy.
The negative result shows that energy efficiency gain has over compensated that of the structural shift
towards more energy-using activities on economic structure.

3.2 Residential sector decomposition

We use the LMDI approach in its additive form to explore the driving factors behind
the growth of residential energy consumption.

The steady growth in residential energy consumption is caused by a combination of
factors, such as steady growth in population (population effect: AE,p), and continual rise in
per capita income (income effect: AEjnc).; £ These two aggregate changes are defined as scale
effects, share of private consumption on total revenue (structure effect: AEg,) and the share of
households expenditure in energy use relative to total private consumption (intensity effect:
AEjn). The total annual residential energy consumption is factored in the following
expression:

_Ea G Y
rest Ct Yt POI
Erest = It *St*R¢*Poy
W where

Erest = residential energy consumption at time t
Ct = total private consumption at time t

Yt = total output (GDP) at time t

Pt = total population at time t

E

Po,
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E . . . . .
I, =%§1=Energy intensity of residential sector in year t measured by the ratio

between energy consumption in the residential sector and total private consumption used to
calculate Intensity effect (AEjny).

C . .
S, :Y—‘ = The share of total private consumption on total employees of total output
t

(GDP) used to calculate Structure effect (AEgy).-

Y, . . .
R = ﬁ = Total output per capita at time t used to define Income effect (AEin).
t

Po, = Total population at time t used to calculate Population effect (AEp).

Applying LMDI in its additive form, the change in residential energy consumption
between any two years (t and t-1), AEs, is decomposed as follows:

AE ., = Eres, —Eres,_, = AE +AE + AE; +AE

structure income
Wwhere

AEint = Z
AE,, = z

intensity

Eres, — Eres, , In I,
InEres, —InEres,, I,

Eres, —Eres,_, In S,
InEres, —InEres,;, (S

populatior

t-1
AE. - Z Eres, — Eres, ; | \
e InEres, —InEres,, (R,
AE - Z Eres, — Eres, ; In Po,

b In Eres, —InEres, , | Po, ,

Then,

|
AEres = Erest - Erest—l = Z e

Eres, —Eres,, (In Cin| S || R || P
InEres, —In EresHL I, S, R Po, ,

The results of residential energy consumption decomposition analysis are presented below-inT-table 5

(not Table 4?).

| Table 4. Results of residential energy use decomposition for Tunisia, 1990—2008:
LMDI additive decomposition

Residential AE due | AEdue | AEdue

Energy to to to AE due to Model
Year Consumption | Diffrences | intensity | Structure | Income | population | Differences
1990 480
1991 527 47 41 -13 9 10 47
1992 565 38 2 -5 30 11 38
1993 607 42 23 6 1 11 42
1994 616 9 -9 -1 8 11 9
1995 653 37 18 4 5 10 37
1996 684 31 2 -17 36 10 31
1997 724 40 -7 10 28 10 40

[ Formatted: Space Before: 12 pt
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1998 762 38 1 3 25 9 38
1999 806 44 -0.1 -2 36 10 44
2000 7 -29 -63 -3 27 9 -29
2001 809 32 -14 7 32 7 32
2002 836 27 -1 14 6 8 27
2003 880 44 4 -6 38 8 44
2004 938 58 12 -7 45 9 58
2005 964 26 -19 7 28 9 26
2006 931 -33 -74 -8 40 9 -33
2007 931 - -50 -7 48 9 0
2008 925 -6 -50 1 33 9 -6
Total -185 -17 476 170 445

LMDI gives perfect decomposition and the results do not contain any unexplained
residual term when dealing with residential sector. The total changes in the share of energy
consumption shares-which-resuh-from intensity, structure, income and population effects are
is, respectively: -41.5%, -3.76%, 106.95% and 38.30% (Table 4). The income effect (AEjnc)
and the population effect (AEyo) are both scale effects indicating the positive impacts of rising
income levels and population. +r-faet—6_On one hand, the income effect dominates positive
contribution to the overall residential energy consumption growth and it is very robust,- but, ©
on the other—hand, growing population and rapid urbanization have alse—significantly
contributed to the increased residential energy consumption in cities. The structural effect
shows the changes in private consumption contribution to total output functions in the
economy. Fhis—effect It on-energy—use-is negative_on energy use. Finally, intensity effect
measures improvements in energy efficiency and in Tunisian case, this-effeet it is negative.
This implies a decrease in total energy use per unit of private consumption expenditure.

4. Conclusion:

In this paper, we have studied the underlying forces driving the growing total energy
consumption in Tunisia. By applying the logarithmic mean Divisia index to a dataset of 4
four economic end-energy-use sectors (manufacturing, agriculture, transport and tertiary) and
the residential sector compiled from a wide range of sources, we are able to-detat identify the
contributing factors of the changes of Tunisian’s energy use in these sectors. The analysis
shows that for-ecenomic-sectors-energy consumption is mostly influenced by activity ehange
and intensity changes. But fer-in the case of residential sector, there-are-income ehange-and
population changes,~whe contribute the most to the change in final energy use besides-the
intensity change.

In-terms-of furtherwork—d_Decomposition analysis presents much-great opportunities
y for .... although it depends to a great extent on data availability. Our objective is to reatize
Qresent a decomposition analysis,—te— determine the contributing factors of polluting ant
emissions and with-mere investigate ion inte-the impact of renewable energy in reducing CO,
emissions in Tunisia.
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