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Abstract

Introduction: Anaerobic digestion, in addition to producing biogas, can minimize the environmental
problems of animal manure and produce high-quality fertilizer. Finding suitable places for the construction of
anaerobic digestion reactors is essential for the sustainable development of these types of power plants.
Locating the biogas production site is a complex process with different and sometimes contradictory criteria
including environmental, economic and technical criteria from which the location-related factors play the
main role. The integration of geographic information systems (GIS) with multi-criteria decision making
(MCDM) provides a powerful tool that can be useful in locating biogas power plants.

Materials and Methods: In this study, spatial and non-spatial data were integrated with geographic
information system in order to determine the optimal places for installing anaerobic digesters of livestock and
poultry waste in the southeast of Khuzestan province. Data related to the type and number of livestock and
poultry were collected separately from the Ministry of Agriculture. The location of livestock farms and
chicken farms was determined using the GPS system. Livestock and poultry raised in the traditional way in
the villages were not taking into account due to the problems of collecting manure and lack of economic
justification. In order to determine the evaluation criteria and score them, similar studies, rules and
guidelines, as well as the Delphi technique were used. 14 sub-criteria were evaluated in three main
environmental, social-safety and topographical groups. Land suitability layers for the construction of
anaerobic digestion reactors were prepared from the perspective of all sub-criteria in the GIS environment. In
order to simplify calculations and easier weighting of criteria and sub-criteria to obtain the final result, some
layers of criteria were combined. In this way, 14 layers were combined and overlapped until 7 layers of final
criteria were formed. Since the spatial potential layer of biogas production is the main criterion and has the
main effect on the suitability of land for the construction of a power plant, and on the other hand, it has no
essential relationship with other criteria, it was valued separately. Roads and residential areas were also
valued separately due to the greater importance of lower transport costs, accessibility, reducing transport time
and losses, as well as environmental, health and safety impacts. The overall layer of surface water was
obtained by multiplying the four layers of land suitability considering the sea, river, wetland and flood prone
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areas. Sensitive areas including forest, agriculture and protected areas were also considered in an exclusive
layer. The other two layers were the combination layer of slope, height and fault, and the combination of
railway lines and high voltage power lines. These layers were weighted using pairwise comparisons and
hierarchical analysis method. The final layer of land suitability for the construction of anaerobic digesters and
power plant was created by overlapping all the criteria layers based on the obtained weight.

Results and Discussion: The findings showed that anaerobic digestion of livestock and poultry wastes in the
region has a potential to produce 7.25 million m3/year of biogas. Cow and chicken excrement have the
largest share with 51.32 and 29.34 percent, respectively. The restriction layer showed that 73.28% of the area
is unusable due to one or more restrictions. The results also showed that "regional biogas production
potential™ and "access to roads and energy consumption centers" are respectively the most effective factors in
determining the appropriate location for the power plant. Finally, using spatial analysis in ArcGIS
environment, the studied area was classified into five suitability levels: "unsuitable”, "weak", "moderate"”,
"suitable” and "very suitable”. Based on this, 73.28% of the studied area was completely unsuitable and only
1.68% of the studied area was very suitable for the construction of a power plant. But in almost all the
studied areas, there was enough land with suitable or very suitable conditions to build a biogas plant.
Conclusion: In the studied area, lands with suitable conditions for the construction of a power plant from
animal waste using anaerobic digestion technology were identified. There is a suitable distribution of
"suitable™ or "very suitable™ levels in the study area for the construction of a biogas power plant. The findings
of this study can be a guide for those in charge to make a decision for the construction of a power plant.

Keywords: Renewable energy, Biogas, Location analysis, Suitability of land use, Environmental factors.
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Figure (1) The potential and contribution of different factors in biogas production
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Figure (2) Spatial potential of biogas production (a) the center of gravity of biogas production potential
in each sector (b)

P 1338 Jleslew Iogm gop I s L b
e @SRk b & e el 5 Ol g S0k g
RGBUMIE Y51 s ] o
(o ) S sbro 3 3 Loyl Cwld

4 dlbmsg) il e ST Gl S akob ) Jad ulad
deo b 5 Gao oyl e e le) oslimn | o6 8 adlais Ol e
g Cydgdn s Oy 5 LSS 20l S5 2
FEY Okl s b aly 55,0 16 5,5 Sl |
313 0L ATCGIS Lases 3 (5,8 3k ol ol 1 ¢ o ghS™
b Soglae s fodsa anllbes)ge o3guae s 5l o )5 ¥F/20
Mol oo 53 YAIPF ez onlin | B lota o
@wﬁﬁ)bcajj.buﬂ Lo 33 NAY 3 g sl Cnlin
S v loslinal B 5 (oS ¥ alolo 1) anbps 5L ys
dn bl sy pe ailaie s 53 o) gl Jorlg i ity
S e STV rs dlols s adais Ao )s MVF 350 .ol
o3 gdme s Jl o 53 VWAL ploman (Ve 5Ll 5,05 5 30 55
e S HlE e ,ug\!\:uwr{fﬁw\b%}‘
o1 ) g a o ey gtiale Ol g 53 (oo
Ol | L3 e b oS (laalllan 3 Sl ks g0

4y S e (Koap il Sl sy

3 0lg o Ol g (5 118 sls Olas gbo g pls Y pud
s ss N pa s Iy VL Jeily J o4 o el
o 55 Sl [ g (6 el ol 5 ol (glags slutals
g opll s S8l s VU Sladl 5 ol 5l Lyl
S b oY Sl gl i ate 516 K3 s g
o gl 3l ge 4y adlate Sl grny I bl fied 0L
PR R N IR S U N
Cosplm s G b spls SN2 05 5 e (Sunj
[ TR B P g R P - RN 1S
bl ool oS5 Sl gl 086 o 2 55
s B s bed Fils) e s ¢SS5 Ol de
Wi 0Ly S b Olaa (FO) AS ade Cx g JB 5 Jo
S Lg:lijrqoél)ls 6}‘}“@,@)" Jol Ly
s o9 ol ple (00) 558 oo eslinnd ol (650 35S Olsie &
3 o b oy ol S 3 pmn k8 Dl 3 e L 585
3o 5 Sl 108 (K55 55 kit (G315 oaen
Sls w359 aa kel Hla e ool juanl

‘)J}{ A_.}J-GJJ:.&J.\:%;JLN s\:}sl..ﬂ‘&l:_ﬁd))jw



R

g‘g‘)?bblfjﬁ kflf-d&‘ Q‘)&»&}d)ﬁ.ﬂg’&

s 5ds bpof gaile 16l K moe s
il 3o 5 o p se S5 slaabis,
e WP sl s g Sl o (65,5LiS” 55y o 50
S5 b ol e o aellaesy s eagdms J§
VONG A g@a\f,ﬁ;u.\,\@@,u,uxw,,us
Ok (S503leS Dlel 5 e i Sl ailain ebas 5l Ao )
sladi gy s 5 dib ) d:;,,w;i;,.\,w;;@
ok o dalle 3yg0 a3ate S| w5 tw 05 Ko
e ale G0k L 53 o i i) g0 adkais oS ol
b s ol ol 2, 3 Joe 820 53 el 5 Ol tin
b e o3 Gble 6l kST flossloe g ar s
2O edgdm 4 JS Ao W Wl B oy
2l bionl ) Sl swen o3 goms ol Al o 48 s 03 gloes
i s gy 5l oo b Codgdae s o gpn s dr B> g s
ooan 33 2 ) 5 65usleS Sl e slandlas 53 55
k}é;q?wmg&amgﬁbcﬁ;ﬁmdﬁzﬁ&w

) L S slowl bl O g 53 (6,4 dalr Loy

31°30'0"N1

31°0°0" N4

30°30'0"N
Weight/C35
. -
[ PR
2 beie s, o
4 I
30c00n4 6
k]
10

40 20 0 40
I N N <ometers

T T T T
49°0'0"E 49°30'0"E 50°0'0"E 50°30'0"E

b

b ple Ok S Ok 13 (s 55 o
Jo 155 op fegn 3 (N Olgte & mbans (ST 5 ol
EFr 9SS o dbla s o owe S o liST Lys gl
Sl Gl o Glapsls S 53 A) B b ae Ol
Gl e O Sl 5 (1) 335 s (6,68 (sladll s
2 OF) St S ) gl e0 (5 P Bt St
Jo 5o p age i (e Sl uTCL s 9 ladl oy,
3 g 0 liST > gl
s 3l da Late Ao y3 V0 3500 g o7 sl Ol (6,8 3L
AV/B 5 loslin | o 68 ok &b lim Gblio s
A Lo Lo SIS 550 (sl o3 gdme IS 3l oy
b K datlae 5y50 o3gdmmn 3 ds OlyaS sb Oles
ggn,,xmjaj;,m|.u;,?,v§\,:,.@gfumﬁ
O m & g.sjl.s:ﬁ-j&l:w.:a;vﬂ;ﬁugui&ﬁ
o W bl op ) p i as S k55 0T ¢l p 6 e
9034 Vf\}sug‘}i;q-r{fﬁd‘ha:)fujw‘}f
Ao 3 WAV Jbm 3 el 0y o o Gbla 5

_)'E"j\‘;i)}bh“ﬁ;@“oj# 4&3&»)‘)}&0:)@‘){

31°30°0"N
MU0 N
/
I
/
3P 300N
Weight/c:3s
| e
s
—* 0 20 0 40 Kilometers
’ B
>
9°00°F 49°30°0°F 0 0'0°F ©30'0°F

A

(D) Jus™ 9 (2) el ol 33 31 (GBI amslid (7) B
Figure (3) Land suitability in terms of slope (a) and fault (b)
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Figure (4) Land suitability for the construction of biogas power plant from livestock and poultry waste
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