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Abstract

This paper presents a quantitative assessment framework of the Water, Energy and
Food (W-E-F) nexus. The proposed approach allows integrated quantitative assess-
ments by considering all the W-E-F intersectoral linkages and the competing de-
mand for W-E-F resources to evaluate future development scenarios. Firstly, the
conceptual model adopted for the proposed framework is presented. Secondly, a de-
tailed methodological framework is introduced to serve as W-E-F nexus evaluation
and planning platform. At the practical level, the model is applied to evaluate the
W-E-F nexus in Lebanon. Finally, the conclusions and further developments are
presented.
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1. Introduction

The importance of the Water, Energy, Food (W-E-F) nexus has been gaining global
momentum over the last few years. The water, energy and food sectors are interdepen-
dent while each faces their own specific supply risks in the face of increases in demand
driven by population growth and mobility, climate change, urbanization, economic de-
velopment, international trade and technological changes [1] [2] [3]. Decision-makers
need holistic approaches in order to be better informed about the trade-offs and syner-
gies between the various development and management options, and to help them
identify choices on how to manage and plan these resources in a sustainable manner [1]
(4] [5].

A growing number of international development organizations, scientists and groups
of research have sought to develop water, energy and food nexus frameworks and me-
thods to promote sustainable and efficient resource use [4] [6]-[15]. The literature fea-

tures different conceptualizations of the nexus which vary in their scope, goals, and
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understanding of drivers and pressures. A review of the conceptual frameworks and
methodologies advanced on the W-E-F nexus approaches could be found in [16] [17]
and [18]. Despite the methodological varieties of these models, they have only covered
partial aspects of the nexus and they share the difficulty of investigating the W-E-F
nexus quantitatively.

The present study is developing a quantitative assessment framework for water,
energy and food nexus that allows to analyze the intersectoral quantitative usage and
resources demands and to plan future W-E-F developments in inclusive and consistent
way. W-E-F nexus in Lebanon is analyzed as case study in order to put the proposed
methodology in practice and to verify reliability of the proposed approach.

2. The Proposed Approach
2.1. The Preliminary Theoretical Model

The proposed framework is based on the balance of the water, energy and food total
quantities through two main quantitative conceptual elements: 1) the intersectoral use
quantities matrix (Z) and 2) the final demand quantities vector (y). The sum of these
two components gives the total resources quantities vector (x). By adopting this ap-
proach, the balance quantitative equation will be as follows:

Zi+y=x (1)

The final demand quantities vector (y) are those to be used in the socio-economic
system which cover households demands, government demands, rest of the economy
demands, losses, accumulation (storage) and exports.

The intersectoral use quantities matrix (2) and the total resources quantities vector
(x) are related by an intersectoral intensity coefficients matrix that will be addressed in
detail in the next paragraph.

Figure 1 presents a preliminary conceptual model of the water, energy and food
nexus. The model shows links between the proposed W-E-F nexus model and
DRIVERS and INTERVENORS changes. The DRIVERS are the effects of technological
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Figure 1. A preliminary conceptual model of the water, energy and
food (W-E-F) nexus.
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change, global environmental change, demographic change and consumption patterns.
The INTERVENORS are the effects of governance, management, operation and tech-
nological adoption.

The proposed W-E-F nexus framework mentioned above could be balanced at the
present or any past year, and at any domain level (local, national, regional and global);
and the effects of a particular projected change due to DRIVERS and/or INTERVENORS

on the W-E-F intersectoral use quantities could be assessed.

2.2. The Detailed Methodology

In order to complete the resources quantitative balance, the proposed method of
W-E-Fnexus is established by considering the nine intersectoral relationships between
water, energy and food: 1) water for water; 2) water for energy; 3) water for food; 4)
energy for water; 5) energy for energy; 6) energy for food; 7) food for water; 8) food for
energy and 9) food for food.

It is clear that, in terms of quantitative values, some of these relationships are more
important than the others. The water for water and food for water relationships are
quantitatively negligible or equal to zero. Therefore, these two relationships will be set
equal to zero in our model.

If we denote by:

n number of water resources inflows (Ze. surface water, groundwater, desalina-
tion, ...);

m number of energy resources inflows (Ze. petroleum, natural gas, electricity, re-
newable energy, ...);

A number of food resources inflows (Ze. irrigated crop, animal production, fisher-
ies, ...);

z;{-°: the use of 7 water resource in the /* energy resource (water for energy);

Zi‘;V - the use of # water resource in the J# food resource (water for food);

z;=": the use of 7 energy resource in the /* water resource (energy for water);

z;=": the use of /* energy resource in the /* energy resource (energy for energy);

Zﬁ—f : the use of 7 energy resource in the j* food resource (energy for food).

Zijf -%: the use of i food resource in the j# energy resource (food for energy);

Zi} -": the use of 7 food resource in the j* food resource (food for food).

The proposed framework of water, energy and food nexus model is as follows
(Figure 2).

In Figure 2 horizontally three classes of W-E-F quantitative balance equations could

be introduced as follows:

h
Zm:zi}v-e+Zzi}”—f+in:xiW (i=1,2,---,n) 2)
j=1 j=1
n m h ] ]
Yty nct Yzt +y =X (i=12,-,m) 3)
j=1 j=1 j=1
m h
Sz + >z -y =X (i=12,,h) (4)
j=1 =1

, X' are the total use of the 7 water resource, total use of the # energy

where X", X', X
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Figure 2. Proposed framework of water, energy and food nexus
model.

resource and total use of the / food resource, respectively.

In above equations, we introduce the following W-E-F nexus intensity coefficients':
w_e w_f e_w

ay " = —:(e (water for energy), ai\j""f = :(—f (water for food), a;-" =;J(_V.V (en-
j i ;
e_e e_f
ergy for water), aj-° =—— (energy for energy), aﬁ‘f =—1— (energy for food),
X X
! i
fe f_f
aijf_e =~ (food for energy) and aijf-f =——— (food for food).
j Xj
Then Equations (2) (3) and (4) become:
m h
Sarxe 4+ Yar- x4y =x" (i=12,,n) )
j=1 j=1
: S L et .
Zai‘;_wxjw + Zai?Jx? +Za§— Xj +Y =% (| =12, m) (6)
i=t j=1 j=1
- f Lot f £
dai-x+Ya-"x +y =x' (i=12,h) )
= =1

where X‘;V , X?

and food sectors, respectively.

f
and X; are the total use of water resources sectors, energy sectors

Equations (5) (6) and (7) can be written in matrix form:

W_eXe + AW_fo + yW _ XW (8)
e_wa + Ae_exe + Ae_fo + ye _ Xe (9)
Af-ext + AT-TxT 4yt =x". (10)

In block matrix form:
0 AW,e AW7 f XW yw Xw
Ae_w Ae_e Ae_f Xe + ye — Xe (11)
O Af _e Af _f Xf y f X

"Intensity coefficients may be referred also as “footprints”.
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where
0 Aw_e AW_f
A=| A" A-* A" | isthe W-E-F nexus technology matrix.
O Af _e Af _f

Then we have

X y
Xt |=L|y® (12)
Xf yf
where:
| _Aw_e _AW_f -1
L= _Ae_w | — Ae_e _Ae_f
0 _Af _e | — Af_f

L is known as the Leontief inverse or the total requirements matrix [19]. The whole
core of the W-E-F nexus is contained in the matrix L. Final demands play a key role
due to the increases in global demand driven by population growth, urbanization,
changing lifestyles and diets, and climate change. The proposed model enabled policy
makers to estimate the outputs in W-E-F sectors that were necessary in order to satisfy
any vector of final demands. When the y", y°, y' for a certain period are pro-

e

jected the values of the total demand x", x°, x' can be calculated by Equation (12).

2.3. The W-E-F Nexus Indicators

In this section we will present the W-E-F nexus indicators that could be calculated
based on the proposed methodology presented in section 2.2. The indicators are related
to the W-E-F intersectoral use quantities (2) and the intensity coefficients (a) and they
are as follows:

Water for energy indicators:

. b . w_e _ n_w_e
1) Water use in the /” energy inflow z;-" =) . 7;

2) Energy-related water usage (z"-°) z"-° = ern:lz inzlzi‘;"-e (M-m?);

(M-m?) (million cubic meter);

3) Proportion of the energy-related water usage per the total water usage (%);

4) Intensity of water use (may be referred also as water footprint) in the / energy in-
w_e
flow a}“—e = J—e (m*/toe) (meter cube per tonne of oil equivalent);
i
5) Intensity of energy-related water usage (may be referred also as water footprint of
w_e

energy) a“-°= z (m*/toe).

Xe
Water for food indicators:

. h . w_f _ n_w_f .
1) Water use in the /* food resource production z;-' = Zi:lzij (M-m?);

f h n f
2) Food-related water usage z"-' =)’ i LZim (Mm®);
3) Proportion of the food-related water usage to the total water usage (%);
w_f
i

4) Intensity of water use in the / food resource production aJY“—f = (m3/t)
X

f
i
(meter cube per tonne);

KD
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5) Intensity of food-related water usage (may be referred also as water footprint of
w_f

food) a"-' = fo (m3/t).

Energy for water indicators:

1) Energy use in the /* water resource production z{-" = Zi"ilziejfw (ktoe) (thousand
tonnes of oil equivalent);

2) Water-related energy usage z°-" = zz:l LZS‘W (ktoe);

3) Proportion of the water-related energy usage to the total energy usage (%);

4) Intensity of energy use (may be referred also as energy footprint) in the /* water
e_w
resource production aj-" = —— (toe/m?);
X!
i
5) Intensity of water-related energy usage (may be referred also as energy footprint of

28w
water) a*-" =—— (toe/m’).
X

Energy for food indicators:
1) Energy use in the / food resource prohduction Z?-f = Zirilzﬁ-f (ktoe);
2) Food-related energy usage z°-' =Y ,ﬂzm =" (ktoe);

i=17i
3) Proportion of the food-related energy usage to the total energy usage (%);
e_f
4) Intensity of energy use in the /* food resource production a?-f = )'(—f (toe/kt);
j
5) Intensity of food-related energy usage (may be referred also as energy footprint of
e_f

food) a°-' =—
X

(toe/kt).

Food for energy indicators:

1) Food resources usage in the /* energy resource production z ]f - = ZLZJ*Q (kt)
(kilo-tonnes);
h m
2) Energy-related food usage z'-°=Y j:lZi:lZijf_e (kt);
3) Proportion of the energy-related food usage to the total food production (%);

e

f
7=
4) Intensity of food usage in the j# energy resource production ajf—e =;(—e
i
(kg/kgoe);
5) Intensity of energy-related food usage (may be referred also as food footprint of
f_e
energy) a'-° = : — (kg/kgoe).
X

2.4. The W-E-F Nexus Scenarios Analysis

W-E-F nexus scenarios analysis entails the variations of DRIVERS and INTERVENORS
(examples of DRIVERS and INTERVENORS changes are mentioned in section 2.1).
Therefore, two levels of scenarios simulation analysis could be performed using the
proposed framework to evaluate the W-E-F intersectoral use changes:

1) Scenarios projected based on variation of DRIVERS: the proposed method allows

to deal easily with changes in final demands and the resulting changes in intersectoral
quantities.

If the superscript “1” is used to represent the values of variables after the change in

16
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demands. Assuming that technology of the water, energy and food production (as rep-
resented in A matrix), do not change, the needed total outputs (x') caused by new final
demand quantities (y*) are then found as in equation 12 (x' = Ly*).

These new total quantities are one measure of the impact on the water, energy and
food resources of the new final demand quantities.

With this result for x', it is easy to examine the changes in all elements in the inter-
sectoral W-E-F use quantities (Z' matrix) caused by y*. From the definition of intensity
coefficients, we find Z'= AX" along with y*, where X is the diagonal matrix with the
elements of the vector along the main diagonal.

That allows us to deal easily with changes in final demands and the resulting changes
in intersectoral quantities. If the superscript “0” is used to represent the initial (base
year) situation for values of variables. Assuming that W-E-F technology is unchanged
(A=A'=Aand L®=L"=L),let Ax=x'-x°, Ay=y'—y® and AZ=7"'-7";s0
AZ = AR — AR® = AAX; on the other hand Ax = Ly' - Ly° = LAy . Then

AZ = AALy (13)

2) Scenarios projected based on variation of INTERVENORS: “Best Practice” tech-

nology matrix alternatives could be proposed which reflect the W-E-F intersectoral use

that are technologically most advanced at present. The W-E-F best practice technology
can be defined as those for which the ratios of the intersectoral quantities used to pro-
duce one unit of resource are relatively low.

The evaluation of the W-E-F nexus based on variation of intervenors actions is not

considered in this study, this issue is under development at our university.

3. Application and Analysis of Results

In order to examine the various methodological steps of the proposed approach and to
put the developed framework in practice, the developed methodology was applied to
evaluate the water, energy and food nexus in Lebanon for the year 2012.

Background information: The population of Lebanon accounts about 4.65 million,
the climate is typically Mediterranean, humid to sub-humid in the wet season and
semi-arid in the dry season. The wet season coincides with winter period, which lasts
from October till May. High population growth and the effect of climate change on wa-
ter availability are the main challenges facing water demand in the country, with ex-
pected higher temperatures, changing rainfall patterns and increased frequency of ex-
treme weather events.

The current agricultural sector largely consists of small-scale, low yielding farms and
a limited large-scale commercial farm enterprises. With a growing urbanisation and in-
creasing agricultural exports, Lebanon’s demand for food is rising.

Lebanon meets nearly all its energy demand from the import of oil products, because
it currently lacks the conventional fossil fuel energy resources and is not effectively
benefiting from the available renewable energy resources. The installed thermal power
plants are divided into: 1) heavy fuel oil fired steam-turbines (closed cycle); 2) diesel-
fired combined cycle gas turbines and 3) diesel-fired open cycle gas turbines.

Firstly, this work needs to identify the quantitative elements (inflows) that determine

K2
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the context of the interlinkages of water, energy and food sectors. Ideally, the organisa-
tion of these elements should follow standard classifications to facilitate the develop-
ment of quantitative accounts which are as coherent, consistent and comparable as
possible over time and across countries. However, social, institutional, environmental
and economic situations that influence W-E-F management policies and strategies vary
considerably between countries. Therefore, the structure of some W-E-F nexus ac-
counts could vary according to the specific W-E-F resources conditions in each country.

Within that context, W-E-F nexus inflows that are considered in this study and ap-
plied to the Lebanese context are as follows:

Water inflows (including extraction, treatment, conveyance & distribution)
(Mm?®/year): 1) surface water (W1), 2) groundwater (W2), 3) desalination (W3), 4)
wastewater reuse ( W4), 5) recycled water and agricultural drainage water reuse ( W/5).

Energy inflows (evaluated in terms of primary energy equivalent in ktoe/year on
a net calorific value basis): 1) imported petroleum (£1), 2) electricity (petroleum)
(£2), 3) electricity (hydro) (£3), 4) imported electricity (£4), 5) electricity (wind/solar)
(E5), 6) biofuels (£6).

Food inflows (including agriculture, food processing & transportation) (kt/year):
1) irrigated cereals (F1), 2) irrigated roots and tubers (F1), 3) irrigated vegetables (/2),
4) irrigated fruits (£3), 5) other Irrigated agriculture (/4), 6) livestock-meat (/5), 7)
livestock-milk (/6), 8) livestock-eggs (F7), 9) fishing and aquaculture production (£8),
10) rainfed agriculture (/9), 11) imported agricultural products (F10), 12) imported
livestock products-meat, milk, eggs & fish (F11).

It is important to mention the following remarks:

1) The surface water inflow considered in this study includes water storage, rivers,
springs, natural lakes.

2) Hydroelectric-related water usage are only considered if the water withdrawn are
for the own use of the hydroelectric power generation.

3) The water resources requirements were analysed vis-a-vis the internally generated
water flows to avoid the trans-boundary complexities and uncertainties surrounding
external water inflows.

4) The presented case study aimed to put the developed methodology in practice and
to verify reliability of the proposed approach, the data used in this case study are com-
piled by the author for year 2012 from different sources [20]-[29]. The non-available
data have been estimated in order to complete testing the proposed method.

Table 1 presents the intersectoral use of W-E-F inflows and the corresponding final
demand for year 2012.

By using the developed W-E-F nexus framework presented in section 2, the following
results are obtained:

Water for energy indicators: Lebanon’s (2012) total primary energy usage was 5523.75

ktoe, and its total energy-related water consumption was z"-* =2.0 M-m?®; the inten-
sity of energy-related water usage (water footprint of energy) a"-°=0.2m’/toe (cu-
bic meter per tonnes of oil equivalent). These results are calculated by excluding hy-
dropower water usage, where the water withdrawal equal to 190 Mm’. The total elec-

tricity generation was 2721.29 ktoe (primary energy) produced by three fuel oil fired

18

K
0:;2: Scientific Research Publishing



A. Karnib

Table 1. Intersectoral use of W-E-F inflows and the corresponding final demand for year 2012.

Final

wi w2 W3 WwWa W5 El E2 E3 FA E5 B F PR FPB HRHM FK F F FEB B FI0 Fll1 Fl2

demand

W1 0.000 0.000 0.000 0.0000.0000.0002.0000.0000.0000.000 0.000 67.32050.49067.320114.1537.32029.45329.453 5.8308.4150.0000.0000.000 64.00

W2 0.000 0.000 0.000 0.0000.0000.0000.0000.0000.0000.000 0.000 44.608 33.456 44.608 55.760 14.608 19.51619.5164.1525.576 1.0001.0001.000 320.00

W3 0.000 0.000 0.000 0.0000.0000.0000.0000.0000.0000.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.0000.0000.0000.0000.000 30.00

W4 0.000 0.000 0.000 0.0000.0000.0000.0000.0000.0000.000 0.000 0.240 0.180 0.240 0.300 0.240 0.105 0.105 0.0600.0300.0000.0000.000 0.00

W5 0.000 0.000 0.000 0.0000.0000.0000.0000.0000.0000.000 0.000 17.34413.00817.34421.68017.344 7.588 7.588 0.8362.1680.0000.0000.000 7.00

El 2.500 5.100 0.033 0.2100.5200.0000.0000.0000.0000.000 0.000 12.127 4.537 6.948 10.769 2.651 0.571 0.559 0.3470.0958.5006.5001.200 1895.74

E2 51.24481.89265.3730.0643.3080.0000.0000.0000.0000.000 0.000 1.923 1.923 1.923 3.923 1.923 1.923 1.923 1.4230.3232.6002.5001.200 3095.90

52

T3 I RIRIITERH R

1.176 1.661 1.554 0.0020.0910.0000.0000.0000.0000.000 0.000 0.008 0.008 0.008 0.883 0.008 0.008 0.008 0.0080.0080.0000.0010.000 99.74
0.339 0.550 0.460 0.0010.0400.0000.0000.0000.0000.000 0.000 0.008 0.008 0.008 0.882 0.008 0.008 0.008 0.0080.0080.0000.0010.000 40.54
0.000 0.000 0.000 0.0000.0000.0000.0000.0000.0000.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.0000.0000.0000.0000.000 0.50
0.000 0.000 0.000 0.0000.0000.0000.0000.0000.0000.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.0000.0000.0000.0000.000 95.00
0.000 0.000 0.000 0.0000.0000.0000.0000.0000.0000.000 0.000 0.000 0.000 0.000 0.000 0.000 3.000 3.000 1.0000.0000.0000.0000.000 144.00
0.000 0.000 0.000 0.0000.0000.0000.0000.0000.0000.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.0000.0000.0000.0000.000 352.00
0.000 0.000 0.000 0.0000.0000.0000.0000.0000.0000.000 0.000 0.000 0.000 0.000 0.000 0.000 1.000 1.000 0.0000.0000.0000.0000.000 854.00
0.000 0.000 0.000 0.0000.0000.0000.0000.0000.0000.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.0000.0000.0000.0000.000 508.00
0.000 0.000 0.000 0.0000.0000.0000.0000.0000.0000.00020.000 0.000 0.000 0.000 0.000 0.000 2.000 2.000 0.0000.0000.0000.0000.000 75.00
0.000 0.000 0.000 0.0000.0000.0000.0000.0000.0000.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.0000.0000.0000.0000.000 101.00
0.000 0.000 0.000 0.0000.0000.0000.0000.0000.0000.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.0000.0000.0000.0000.000 379.00
0.000 0.000 0.000 0.0000.0000.0000.0000.0000.0000.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.0000.0000.0000.0000.000 25.00

0.000 0.000 0.000 0.0000.0000.0000.0000.0000.0000.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.0000.0000.0000.0000.000 3.00

F10 0.000 0.000 0.000 0.0000.0000.0000.0000.0000.0000.00010.000 0.000 0.000 0.000 0.000 0.000 1.000 1.000 1.0000.0000.0000.0000.000 635.00

F11 0.000 0.000 0.000 0.0000.0000.0000.0000.0000.0000.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.0000.0000.0000.0000.000 1824.00

F12 0.000 0.000 0.000 0.0000.0000.0000.0000.0000.0000.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.0000.0000.0000.0000.000 407.00

closed cycle steam-turbines plants and four diesel-fired gas turbine plants. Sea water are
used for cooling in the most of the installed thermal power plants.

Water for food indicators: Lebanon’s (2012) total food-related water consumption
was z"-" =760.95M-m® which accounts for 64.27% of the total water withdrawal;

the intensity of food-related water usage (water footprint of food) a"-' =142 m?*/t.
The results shown in Table 2 account for intensities of water use in selected food in-
flows.

Energy for water indicators: Lebanon’s (2012) total water withdrawal was 1183.95
M-m? and its total water-related energy consumption was z°-" =216.12 ktoe which
accounts for 3.91% of the total energy usage; the intensity of water-related energy usage
(energy footprint of water) a°-" =182.5 toe/m°.

Energy for food indicators: Lebanon’s (2012) total food-related energy consump-
tion was z°-' =80.21ktoe which accounts for 1.61% of the total energy usage; the in-
tensity of food-related energy usage (energy footprint of food) a®-' =15 toe/kt. The
results shown in Table 3 account for intensities of energy consumption in selected food
inflows. It is important to mention that the energy for food indicators are calculated

without taking into account the energy used in fertilizers production.
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Table 2. Intensity of water use in selected water-dependent food production.

Selected food inflows aj-' (m1t)
Irrigated cereals 858
Irrigated roots and tubers 276
Irrigated vegetables 151
Irrigated fruits 378
Livestock-meat 702
Livestock-milk 561

Imported agricultural products 1

Imported livestock products 2.5

Table 3. Intensity of energy use in selected energy-dependent food production.

Selected food inflows a-" (toe/kt)
Irrigated cereals 93.15
Irrigated roots and tubers 18.40
Irrigated vegetables 10.38
Irrigated fruits 32.40
Livestock-meat 24.85
Livestock-milk 17.13
Imported agricultural related food 4.94
Imported livestock related food 5.90

Food for energy indicators: There was no biofuel production in 2012 in Lebanon.
The use of biomass was limited to final demand for some economic activities or
household use.

The W-E-F nexus results mentioned above were for the 2012 situation. A scenario of
increase of irrigated food products demand of 20% will be now considered. The in-
crease in demand could be for example as result of population growth, changes in gov-
ernment spending or changes in consumption patterns. Using the proposed method, it
becomes easy to evaluate the total output from the water and energy sectors that would
be necessary in order to meet this new demand. In this scenario we assume that the
technology of the water, energy and food production (as represented in the A matrix),
is unchanged. The resulting changes in intersectoral quantities (AZ) caused by the
changes in final demand quantities (Ay) are then evaluated. The results could be sum-
marised as follows:

The food-related water consumption will have to increase its output by

z"-" =1310388 M -m®. Similarly, food-related energy consumption will have to in-
crease its output by z°-" =10.3203 ktoe , but, these new intersectoral water and energy
(direct) quantities necessitate to produce additional intersectoral (indirect) quantities.
Water will ultimately have to increase its direct and indirect outputs by 131.0489 Mm’
which accounts for 11.07% increase in water of the total water withdrawal. Similarly,
the energy, in satisfying the new food demand, will have to increase its direct and indi-

rect outputs by 25.8268 ktoe which accounts for 0.47% increase in energy of the total
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energy usage. Moreover, electricity sector has to increase its production by 17.64 ktoe
and the petroleum products by 8.21 ktoe. So, to realize the above mentioned scenario,
provision for the necessary additional water, electricity and petroleum products, quan-
titatively could be calculated.

The proposed approach permit the evaluation of a large number of possible policy
scenarios. A complete set of scenarios are under development at our university such as
the evaluation of the save that will occur in water and energy due to save in food waste,
the evaluation of the save that will occur in energy due to save in water losses, the
evaluation of the effect of the replacement of gravity irrigation with pressurized irriga-
tion system (which achieve water savings and require more energy), evaluation of the

effects of the upgrade agricultural technologies and investment in high value crops.

4. Conclusions and Further Developments

Water, energy and food resources transitions are interconnected and are driven by an
increasing population, a changing climate and a growing economy. In order to attain
sustainable development goals, it therefore appears that there is a need for integrated
quantitative assessments approach considering the cross sector inter-linkages and the
competing demand for resources to evaluate future development scenarios at the local,
national, regional and global levels.

The method presented in this study is sufficiently relevant to realize a quantitative
framework to model the relationship between water, energy and food. It has three ad-
vantages that make it particularly well suited to analysing various technological, struc-
tural and quantitative changes scenarios:

1) It allows encompassing all the W-E-F nexus intersectoral quantitative usages in
inclusive and consistent way that will enable policy makers to manage and plan W-E-F
resources in a sustainable manner and to make use or compare with the available na-
tional accounts.

2) The nature of proposed framework makes it possible to analyse the water, energy
and food as an interconnected system of resources that directly and indirectly affect one
another, tracing changes back through sectors interconnections.

3) The construction of the intensity coefficients matrix allows a decomposition of
technological, structural and quantitative changes which identifies the sources as well as
the direction and magnitude of changes.

The approach could be ultimately extended to analyse the economy’s reactions to
changes in the water, energy and food nexus system.

Scenarios of changing the technology matrix A by proposing “Best Practice” tech-
nology matrix alternatives are not considered in this study; this issue is under develop-

ment at our university.
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