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« The use of biomass for the production of biomaterials and
biochemicals is expected to increase

 Therefore the supply of biomass for modern applications should
increase by a factor of 10 to 40!
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Sustainability concerns

 Large scale deployment of blomass could have |mpI|cat|ons

* GHG emissions

 Competition with food (and
other local applications)

» Deforestation

 Loss of biodiversity and other
ecosystem functions

 Water depletion

 Impacts on soil quality

 Impacts on local prosperity
and social well being

EXCUSE

M GO 50

NEED THIS 10O
RUN MY CAR.

Etc. i) _
. At several levels sustainability criteria have been
developed

« Key issues for policymakers and investors is: How to
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Rationale

« The majority of the impacts of bioenergy production is
related to land use change

 The direction and the magnitude of the impacts depend on:
 The characteristics of the supply chains
« The biophysical and socio-economic conditions of the

production region

 Therefore: impacts of bioenergy production should be
assessed on a local level taking into account the impacts of
land use change.

 As Indirect Land Use Change (ILUC) is to be avoided; the
land availability for energy crops depend on the land use
required for other land use functions.

. Therefore we need to know where bioenergy crops could
T8 rder to assess the potential impacts
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Objective

Develop a methodological framework to make an ex-ante and
Integrated assessment of the sustainability of bioenergy
production at a regional level.

Two methodological steps:

- Spatiotemporal scenario assessment of land availability for
bioerrgy crops given developments in other land use
functions

- Impact assessment of bioenergy supply chains given the
biophysical and socio-economic characteristics of the
location of production

Demonstrated for Mozambique
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Step 1:

LAND AVAILABILITY FOR
ENERGY CROPS




Land availability energy crops

 Land for bioenergy crops should not compete with other
land use functions. - need to prevent iLUC

« The amount of land available for bioenergy depends on
the land required for:
— Settlements
— Food production
— Livestock production
— Nature conservation
— Excluded areas (not suitable)
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Land availability for energy crops

Demand for food is expected to increase
* Increased population
* Increased dietary intake (Kcal + nutritious)

Productivity in agricultural sector
« BAU continuous historic trends
» PROG steep increase in productivity
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Allocation
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Land

use allocation Model

To allocate the additional land use requirements for
food, feed and material production, a land use
allocation model is developed.

The land is allocated to a dynamic land use based on
the suitability of the land for that specific land use -
Priority grid based on suitability factors

The model allocate the land use change for every
subsequent year up to 2030

Land availability for bioenergy crops can be spatially
assessed by excluding all land required for other
usages and all land that is not suitable
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Land use allocation

Land is allocated to a land use
function when it is most suitable
for that specific function based
on several land suitability factors

||||||
||||||||
FH

Example:

suitability for cropland i
Priority grid __

Current land use

Soi_l- suitability
r—a

Population density
Distance to cities

Distance to water
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/\

Distnce to roads
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Excluded areas

For all land use changes

Forest areas (not in BAU
scenario) “

Mangroves
Conservation areas

Bare areas
Regularly flooded areas
Steep slopes

V7 steep slopes

water

"~ *€onservation areas
—

/ " Artificial areas
/
/

Forest areas + mangroves
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Excluded areas

 FOr energy crops

— All of the excluded land

areas
* Previous slide

— Land required for crg
— Land required for p
— Deforested areas

— Farm areas
— DUAT (land use rig C0~mm>unlt;areasand DUAT

— Community areas/ . -farmareas /\
/ _ Df‘forested area
/ : Grazing
/ 7 Cropland

=“FXcluded areas general
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Results

 Land use change for every individual year up to 2030 for 2
scenarios

 Land availability for energy crops

Universiteit Utrecht Scenarios Land requirements Results Discussion Conclusion
| |




2005

BAU Progressive BAU Progressive

File Edit Wiew Help Fil: Edit Wisw Help

m % & fmo* &

(el landuse (1} landUse (2) o euil) e (2)
I cropland I false
[ cropland+gra: [ true
[ cropland+pas
[ farest eu
B grassland
[ pasture

[ shrubland
B e:xcluded
[ urban

Il deforestated
H abandoned

B false:

landuse

I cropland
[ cropland+gra: &
[ cropland+pas
[ forest

I grassland
[ pasture

[ shrubland
I excluded
[ urban

Il deforestated

I abandoned

Animation Dialog,

DRI CICY
Go to the first time step
I:‘ Loop animakic

Animation interval:




File Edit Wiew Help

BAU

2010

Progressive BAU

Fil=  Edit Wiew Help

m #* &

Progressive

m | % | &

landuse

I cropland
[ cropland+gra:
[ cropland+pas
[ farest

B grassland
[ pasture

[ shrubland
B e:xcluded
[ urban

Il deforestated
H abandoned

landuse

I cropland
[ cropland+gra: &
[ cropland+pas
[ forest

B grassland
[ pasture

[ shrubland
I excluded
[ urban

Il deforestated

landUse (1}

landUse (2} o0 euil)

I False:
[ true

eu

B false:

I abandoned

Animation Dialog,

DRI
[ Loop animation @@i

Animation interval:




BAU

2015

Progressive BAU

Progressive

B d d m| 0
File Edit Wiew Help Fil: Edit Wisw Help
m ¥ & m * &
landuse landUse (1) landUse (2) o eu (1) eu (2)
I cropland I false
[ cropland+gra: [ true
[ cropland+pas
] -
grassland
[ pasture [ itz
[ shrubland
B e:xcluded
urban
Il deforestated
H abandoned
landuse
I cropland

[ cropland+gra:
[ cropland+pas

B grassland
[ pasture

[ shrubland
I excluded
urhan

Il deforestated

I abandoned

DRI

I:‘ Loop animation

Animation interval:




BAU

File Edit Wiew Help

2020

Progressive

m #* &

BAU

Fil=  Edit Wiew Help

Progressive

Janduse landUse (1}
I cropland

[ cropland+gra:
[ cropland+pas
[ farest

B grassland
[ pasture

[ shrubland
B e:xcluded
urban

Il deforestated
H abandoned

landuse

I cropland

[ cropland+gra:
[ cropland+pas
[ forest

B grassland
[ pasture

[ shrubland
I excluded
urhan

Il deforestated

landUse (2}

m | % | &

I abandoned

|l
|

DRI

I:‘ Loop animation
Time step:

Animation interval:

eu (1)

=]

I False:
[ true

eu

B false:

o one skep Forewardsi




BAU

2025

Progressive

BAU

Progressive

B d d m| 0
File Edit Wiew Help Fil: Edit Wisw Help
m ¥ & m * &
landuse landUse (1) landUse (2) o eu (1) eu (2)
I cropland I false
[ cropland+gra: [ true
[ cropland+pas
[ farest eu
I g assland
[ pasture = s
[ shrubland frue
B e:xcluded
urban
Il deforestated
H abandoned
landuse
I cropland

[ cropland+ag
[ cropland+pas
[ forest

B grassland
[ pasture

[ shrubland
I excluded
urhan

Il deforestated

I abandoned

|l
|

DD

I:‘ Loop animation

Animation interval:

Go one step Fnrewardsi




BAU

File Edit Wiew Help

2030

Progressive

File Edit  Wiew

BAU

Progressive

m ¥ & m * &
landUse (1 landUse (2
landuse Enellz= (1) e (e =]
I cropland I false
[ cropland+gra: [ true
[ cropland+pas
[ farest eu
I g assland
[ pasture = s
[ shrubland frue
B e:xcluded
urban
Il deforestated
H abandoned
landuse
I cropland

[ cropland+gra:
[ cropland+pas
[ forest

B grassland
[ pasture

[ shrubland
I excluded
urhan

Il deforestated

I abandoned

|l
|

» [«

Animation interval:

Go one step Furewardsi
I:‘ Loop animation

eu (1)




Next steps

This modeling assessments provides information on the
amount, the location and the timeline of land availability for
energy crops in Mozambique

Impact assessment - given the location of land
availability for biomass productions and the biophysical and
socio-economic conditions in those regions, what are the
environmental and socio-economic impacts.
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Step 2:

ENVIRONMENTAL AND
SOCIO-ECONOMIC
IMPACT ASSESSMENT
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Setting selection

« The methodological framework is
demonstrated for specific settings
 The settings are differentiated for
— two selected regions
 Gaza-lnhambane
« Nampula e
— selected energy supply chains
« Eucalyptus ethanol sk
« Switchgrass ethanol Kt v
Sw
— two scenarios AT L e
. BAU ‘“ { ‘3@ Ejlé;cjilyptus
. : 's‘ E:?Iﬁz\:ilable
* Progressive e e
i Yea.r 2020 jﬁ. %BW:BGU
« EtOH plant size 1400MW input — e
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Setting selection
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Setting selection
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Setting selection

Setting | Selected region

Scenario |Feedstock

Reference
land use

Required |Average | Potential

suitabili

Feedstock
production

Gaza-Inhambane
Gaza-Inhambane
Gaza-Inhambane
Gaza-Inhambane
Nampula
Nampula
Nampula

Nampula

BAU

BAU

PROG

PROG

BAU

BAU

PROG

PROG

Eucalyptus
Switchgrass
Eucalyptus
Switchgrass
Eucalyptus
Switchgrass
Eucalyptus

Switchgrass

Shrubland
Shrubland
Agricultural land
Agricultural land
Shrubland
Shrubland
Agricultural land

Agricultural land

Universiteit Utrecht

2046

3013

1336

1470

826

826

1317

1871

41%

39%

55%

54%

63%

63%

64%

62%

100%

100%

100%

100%

62%

46%

100%

100%



Sustainability criteria

Issue IIIII

Environmental GHG emissions 4
impacts Biodiversity 4
Soll

Water

Socio- economic Legality

Impacts. Land right

Food security v

NTA8080
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GHG emissions - Method

 Lifecycle emissions
— Emissions related to
« Cultivation
 Transport
« Conversion
— LCA approach (similar to GHG calculation tool)
— But regional specific:
* Fertilizer requirements
* Yield levels
 Transport distances

= Universiteit Utrecht



GHG emissions - Method

Emissions related to LUC GHG :(AC,_E.GWP j{,\,.ﬁ.gwp j
co2 N20
— Changes in carbon stock 12 28
* Soil organic carbon (SOC) SOC. — SOC
* Above ground biomass AC,. =( : tlj +ACo,gan,~c
* Below ground biomass & Mineral
IPCC method is applied
. L. pp ACB = ACG + ACConversion + ACL
Setting specific:
- Climate CConversion = Z(BAfter, _BBefore, )CF

Soil characteristics

Above and below ground biomass (before and after conversion)
Management applied (before and after conversion)
Fertilizer application

= Universiteit Utrecht



GHG emissions — Results

(cultivation)

o
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©

=
o
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BAU PROG

Gaza-Inhmabane

Nampula

Seeds

m Pesticides
Herbicides

m K20 Fertilizer

m P205 Fertilizer
N Fertilizer
N20O N Fertilizer

m Diesel

- Total

GHG emission related to the cultivation of eucalyptus and switchgrass
In the selected area in Gaza-Inhambane and in Nampula
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Results — GHG emissions (incl
LUC)

60 -

[ |
40 7 -— -
)]
m -_—
£
o m Cultivation
n i
2 20 = A SOC
(] [
g B A BGB
-3
Y 9 — [ — | . A AGB
s ! ! —Total
‘; EU EU EU EU
X
20 -
BAU PROG BAU - PROG
Gaza-Inhambane Nampula
-40

 |In BAU shrubland is converted to cultivated land - carbon loss biomass

carbon is dominant factor.
 In PROG, cultivated land is converted to energy crops > carbon

sequestration (especially SOC when converted to switchgrass)
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Soil - Method

Soil quality: soil organic matter content
— SOC as proxy indicator
« water holding capacity
e nutrient retention
» soil structure
Wind and water erosion
— Loss of fertile topsoil 2> degradation
— Damage to plants
— Off site problems (contamination and soil displacement)
Water erosion less relevant in selected regions

= Universiteit Utrecht



Method - Soil

e Wind erosion

E Erosion Ton hatvyr

| Soil erodibility index ton ha—-1vy

K Soil surface roughness factor dimensionless
E — I(IKVCL) < Climate factor dimensionless

L Length of field m

\% Vegetation factor dimensionless

» Setting specific:

— Vegetation factor is the important parameter which
changes for different land covers

— Highly depends on climatic changes during the year
(precipitation, temperature, wind) in combination with
the changes in vegetation cover (growth cycle)
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Water - Method

e \Water use

— Water use efficiency (WUE)
* Annual evapotranspiration
— Precipitation
— Temperature
— Wind
— Crop type
 Annual biomass production
— Agro-ecological suitability
— Water depletion
 Monthly evapotranspiration
— Growth stage of crop
— Access to water

 Monthly precipitation



Water - Results

350 350 -
Gaza - Inhambane Nampula
300 - 300
250 - 250
200 - 200

- Precipitation
150 - \'_\/J_ 150 / —EURvap
= SG Evap
100 | N / 100 -
N . L /

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

Actual water deficits and damage trough drought can only be assessed using
a hydrological model including ground water and discharge levels.

Higher risk on water deficits in Gaza-Inhambane region because
evapotranspiration exceed precipitation during the year, no replenishment.
Eucalyptus causes higher risks on water depletion because of high
evapotranspiration and deep rooting system.



Method - Biodiversity

 Modelling land availability

— Excluded land
e Conservation areas
* Forest areas
« Mangroves

* Biodiversity indicator Mean Species Abundance - compared
to the species abundance of the original land use
— AMSA per GJ biomass produced
— Taking into account:
* Regional agro-ecological suitability
* Previous land use

 New land use MSA —MSA
AMSAGJ _ Z new currnet
EtOH % . Ec . Ef

conversion

c,ay



Results - Biodiversity

Gaza-Inhambane Nampula
BAU PROG BAU PROG

EU‘SG EU‘SG EU‘SG EU‘SG
0,0

-0,1 -
-0,2 AMSA /GIb
0,3 -
-0,4 -

-0,5

-0,6 -

AMSA per GJ,;i,mass IS Negative. In BAU native vegetation is converted. In
PROG extensive and mosaic agriculture is converted to plantations. MSA
value for switchgrass is higher than euclayptus but due to lower yields similar
effect on MSA. In BAU more area is required - effects MSA negatively



Socio-economic impacts

- Qualltatlve Quantitative

Legality
Land rights \/
Food security vV

Economic viability
Local prosperity Vv

L <

Social well-being Vv
Labour conditions V
Gender Vv

0 N O 00 & W DN P

Some of the socio-economic impacts are directly related to the
Implementation and the management of the project. For those impacts
no ex ante analysis can be made, but recommendations for best
practice can be provided


Presenter
Presentation Notes
The themes that include quantitative methodlogies will be explained in more detail


Socio-economic impacts

« Many of the socio-economic impacts depend on the project
design / management, but

 Are also heavily context related:

Legality = comply with national, regional and local law
Land rights - local situation on customary rights

Food security - subsistence farming, access to markets,
poverty

Economic viability = agro-ecological suitability, accessibility,
infrastructure

Local prosperity > main sources of income, employment level
Local well being 2 number of people affected

Labour conditions and gender issues - depends on
iImplementation



Economic Viability - Method

The project should be able to sustain operation on the basis of
current and projected revenues and expenditures. Project
failure due to financial problems to could have detrimental
socio-economic effects.

* Discounted cost for supply chain are calculated including

— feedstock S -
] Y=x Z(lny 'Cny)—i_Z(me 'Cmy 'Yy) y=x Yy
— transportatlon C, = n=l m=1 ; / Y ;
. y=1 (1+a) x=1 (1+a)
— conversion

 Cost depend on suitability of available land

» Total cost of supply chain per GJ compared to cost of GJ
gasoline



Economic viability - Method

Cost of feedstock depend on suitability of available land

Y, =A,-S,‘M,

Cost of transport depend o the availability and the

suitability of land and therefore the radius to meet input

requirements

o

7

Required
biomass
gathering area

Average
transport
distance

B Harbor

M Primary road

B Secondary road

[ Tertiary road

[] Non-available land

[7] Available land marginally

[[] Available land moderately

[ Available land productive

M Available land very productive
— Least cost route to harbor



Economic Viability - Results

3,5 -

3,0 1 m harvesting
@ 2,5 - = field operations
E 20 - m fertilizer
° r
1] ® herbicides
=~ 1,5
)
~ B seeds
W 1,0 -

mland
05 | preparation
d mland clearing
0,0
EU ‘ SG EU ‘ SG EU ‘ SG EU ‘ SG
BAU PROG BAU PROG
Gaza-Inhambane Nampula

Feedstock cost are higher in BAU scenario because of cost for land
clearing and preparation. Cost per GJ biomass are lower in Nampula
because of higher yields



Economic Viability - Results

18,0 -
16,0 -
14,0 -
- 12,0 -
2 100 -
3 50 I I Conversion
P 60 m Sizing and storage
4,0 - B Transport
20 - I I I I l M Feedstock
0,0
EU SG EU SG EU SG EU SG
BAU PROG BAU PROG
Gaza-Inhambane Nampula

« The cost are higher in BAU scenario because of higher feedstock cost.

 The lower feedstock cost of Switchgrass is balanced by the higher transport
cost.

* Cost are lower in Nampula because of higher yields.



Overall results — Environmental
Impacts

Gaza-Inhambane Nampula

BAU PROG BAU PROG

EU EU EU
-------_

GHG Emission ®

Life cycle Kg CO,-eq /Glpiomass
LUC related emissions Kg CO,-eq /Glpiomass
9 Total emissions Kg CO,-eq /Glpiomass
é Total avoided emissions |Kg CO,-eq /G0
;i Soil
‘q:'; Soil Organic Carbon A kg C /Glyiomass
E Wind Erosion Qualitative
.g Water ¢
o Water use efficiency Odty; s/ | Water
Water depletion mm/season
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Overall Results — Soclio-economic
Impacts

Gaza-Inhambane Nampula

PROG BAU PROG
SG EU SG EU SG EU SG

Socio-economic Impacts

Legality No ex-ante analysis possible, recommendations to comply with national law are
provided see

Land rightss

Land right risk quaiitative [ TR .

Food security

Economic viability }

Feedstock S/Glpiomass

End product S/Gleon

Local Prosperity ¥

Total jobs X 1000 jobs

Local labour %

Total investment MS

Total wages MS

Social well-being'

Total no of people affected

X 1000 people

Labour conditions ™

No ex-ante analysis possible, recommendations to comply with (inter-) national

law and best practice are provided, see




Discussion and Conclusion

» These assessments provide information on:

The amount, the location and the timeline of land
availability for energy crops

The development in potential of biomass production
(actual yield levels)

The most favorable areas for biomass production from
economic point of view

The most favorable areas for bioenergy production from
a sustainability point of view

The key sustainability issues for a specific supply chains
In a specific region - flag areas of concern

Provide steering for tailor made best practices (are
supply chain and region specific)



Discussion and conclusion

 This ex ante analysis of the land availability, and the
environmental and socio-economic impacts contributes to the
identification of go and no- go areas for bioenergy production.

 This is important information for:

— National Governments: enables a sound planning of land
use, sustainable investment in bioenergy production capacity,
and infrastructure over time. It enables to define the
preconditions for a sustainable sector

— Investors: to make realistic estimations of the economic
viability of a project and it provides the ability to define the
preconditions to comply with sustainability criteria.

 This could help to prevent competition for land, reduce investment
risks, avoid large scale project failures, minimise negative
environmental and socio-economic impacts and optimize
positive effects of large scale bioenergy production.



References

« Van der Hilst, F. and A. P. C. Faaij (2012). "Spatiotemporal cost-supply curves for
bioenergy production in Mozambique." Biofuels, Bioproducts and Biorefining 6(4):
405-430.

 Van der Hilst, F., J. van Eijck, J. Verstegen, V. Diogo, B. Batidzirai and A. Faaij (2013).
Global Assessments and Guidelines for Sustainable Liquid Biofuel Production in
Developing Countries. Impacts of Scale up of biofuel production case studies:
Mozambique, Argentina and Ukraine. Vienna, Commissioned by UNEP, GEF, FAO,
UNIDO. Copernicus Institute, Utrecht University: 166.

 van der Hilst, F, J. A. Verstegen, D. Karssenberg and A. P. C. Faaij (2012).
"Spatiotemporal land use modelling to assess land availability for energy crops —
illustrated for Mozambique." GCB Bioenergy 4(6): 859-874.

 Verstegen, J. A., D. Karssenberg, F. van der Hilst and A. Faaij (2012). "Spatio-
temporal uncertainty in Spatial Decision Support Systems: A case study of changing
land availability for bioenergy crops in Mozambique." Computers, Environment and
Urban Systems 36(1): 30-42.

 Batidzirai, B., F. van der Hilst, H. Meerman, M. H. Junginger and A. P. C. Faaij (2014).
"Optimization potential of biomass supply chains with torrefaction technology."
Biofuels, Bioproducts and Biorefining 8(2): 253-282.



Thank you for your attention

For questions please contact:
Floor van der Hilst
Copernicus Institute Utrecht University
f.vanderhilst@uu.nl

This research was funded by:
UNEP, GEF UNIDO, FAO
SASOL
Platform of renewable resources of the Dutch Gouvernement.


mailto:f.vanderhilst@uu.nl

	Regional integrated assessment of environmental and socio-economic impacts of biofuel production��Demonstrated for Mozambique
	Increasing demand for biomass
	Sustainability concerns
	Rationale
	Objective
	Land availability for energy crops
	Land availability energy crops
	Land availability for energy crops
	Slide Number 9
	Land use allocation Model
	Slide Number 11
	Excluded areas
	Excluded areas
	Results
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Next steps
	Environmental and socio-economic impact assessment
	Setting selection
	Setting selection
	Setting selection
	Slide Number 26
	Slide Number 27
	Setting selection
	Sustainability criteria
	GHG emissions - Method
	GHG emissions - Method
	GHG emissions – Results (cultivation)
	Results – GHG emissions (incl LUC) 
	Soil - Method
	Method - Soil
	Water - Method
	Water - Results
	Method - Biodiversity
	Results - Biodiversity
	Socio-economic impacts
	Socio-economic impacts
	Economic Viability - Method
	Economic viability - Method
	Economic Viability - Results
	Economic Viability - Results
	Overall results – Environmental Impacts
	Overall Results – Socio-economic Impacts
	Discussion and Conclusion
	Discussion and conclusion
	References
	Thank you for your attention

