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Abstract: This study evaluates different options for theovightion of olive cake waste in Jordan, focusing o
direct combustion, gasification, and compostingydital/chemical, biological/ecological, sociolodicaltural,
and economic/operational aspects of each optioassessed using the Rapid Impact Assessment MBIAM)
procedure. The findings indicate that compostinglofe cake emerges as the most favourable optfiating
positive impacts on soil quality, minimal environmtel and social risks, and economic benefits thinojaip
creation and value-added products. Gasificationdarett combustion also show potential but may iregfurther
consideration of local context and stakeholder gyegfces. Overall, the study provides valuable hisigor
decision-makers in selecting the most suitableeatiake valorisation option in Jordan.
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I ntroduction

Olive oil is an important agri-food system in theefiiterranean area, accounting for
87 % of the 11.5 million hectares allocated to elivees globally, with 86.6 % committed
to olive oil production. With Spain, Italy, and @@ accounting for nearly 66 % of
worldwide output, the European Union is the worlthsgest producer, consumer, and
exporter of olive oil [1].

In Jordan, the olive tree is one of the most imguartrees in the country’s fruit tree
sector, as well as in the national economy. In 2824 cultivated area with olive trees was
around 57.2 thousand hectares, with approximaieky million bearing trees.

Figure 1 shows the annual production of olive fuit Jordan from 2015 to 2024.
In 2024, the olive crop production in Jordan wagragimately 220.7 thousand tonnes
(tonne = 16 g = Mg). About 25.8 % of the olive crop in Jordarproduced in Irbid city,
while 13.2 %, 18 % and 4 % of the olive crop aredoiced in Amman, Mafraq and Karak
respectively.

About 70 % of olive mills, which number around 2#dls in Jordan, discard the olive
remnants such as olive cake (known locally as §ift)l olive wastewater (known locally as
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zibar) [2, 3]. In the last six years, the averagmual olive cake production is about
43 thousand tonnes (43 Gg) [4]. This implies thpantance of getting rid of olive leftovers
rapidly due to the environmental impact it causesdarby areas. Citizens living near olive
mills express their displeasure with the accumaoiaf olive cake in front of the olive
mills. According to the regulations of the Ministo§ Environment, olive mills have three
months following the season to handle the olive mdste in the mills’ yards, which is
a short period according to the olive mill ownefsie majority of municipal landfills in
Jordan are not permitted to accept such waste sinee cake is categorised as hazardous
waste, which would be harmful to the environmenewmixed with soil. Unfortunately,
some of the olive mills are getting rid of the elimill waste through illegal dumping.
There are frequently several reported cases o€ atiills unloading wet olive cake into
rainwater streams [5].
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Fig. 1. Annual olive crop production in Jordan

Olive cake is difficult to manage because it is gated in large quantities on
a seasonal basis and in a short period of timelf6f phytotoxic and has significant
polluting properties, and has serious environmemtabacts if improperly disposed
of [7, 8].

While environmental experts warn about the infleenof olive cake and olive
wastewater on the environment, ground water, ardiqphealth, others argue that these
wastes can be exploited to produce energy and Malyzoducts, resulting in economic
benefits [9]. In Jordan, olive cake handling opsianvolves producing briquettes as a solid
fuel for home heating at a price of 70-80 JOD/fbhe production of briquette from olive
cake turns it into a product and a commodity, ptimg a low-cost way of heating for
citizens with limited income. With an energy depsif 23 MJ/Kg, olive cake is a potential
renewable energy source [10]. According to Al-Widyand Al-Jalil [11], olive waste
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briquettes have a density that is more than dathialieof the original olive husk. Pelletising
is another way to manage the olive cake wasteeBgliroduced from olive cake can be
used in a broader range of applications. Pellailivg cake provides advantages in terms of
higher bulk density and, consequently, higher hngatialue per mass unit. It also makes
handling and transportation easier [12]. Olive caghkellets are now produced on
a commercial scale and marketed in Europe as #ewvtergy source [13].

Pyrolysis is a thermochemical process to convexeotake into various products.
The pyrolysis process produces biofuel, which hasaréety of commercial and industrial
applications [14, 15]. The gaseous product can desl o fuel gas engines, boilers, and
steam generators. The solid product can be usedntbustion applications as a solid fuel.
The liquid product can be refined to several imaoattchemicals and utilised as a liquid
fuel for engines and boilers [9, 16, 17]. Techn@sdor thermochemical conversion, like
pyrolysis, might be highly important in this sitigat since they not only increase energy
density but also significantly reduce volume, magkétorage and transportation more easier
[18, 19].

Biomass gasification has been identified as a Wémsiechnology for producing
renewable hydrogen [20, 21]. Gasification convedbd biomass into synthetic gas (also
known as "syngas"), which is a mixture of CO and $iyngas is used to produce important
different chemicals as well as synthetic fuels [2@jasification of olive cake offers
a practical and alluring way to increase energycieficy, enhance environmental and
economic sustainability, diversify into new busis@sodels, and foster a circular economy
[23].

Anaerobic digestion of olive cake can produce ksogad partially stabilised organic
matter. Biogas can be utilised to generate eléfstriand organic matter can be used to
improve soil quality [24-26]. The anaerobic digestiof olive cake may be regarded
a green solution with high potential for reducingenhouse gas (GHG) emissions, and it
plays an important role in renewable energy prdducby contributing to the closure of
organic matter cycles from a circular economy spait [27, 28].

Composting is a cost-effective solution to olivé&kegroblem, and its application to
soil might be considered an acceptable method pfaming soil fertility and plant growth,
primarily by influencing its physical and chemicafoperties [29]. Olive cake can be
composted with other feedstocks in different rafosl combinations, such as manure and
olive leaves or straw [30].

Other options for olive cake valorisation involveyidg and second extraction of all,
production of animal feeds and enzymes, produaif@sorbent material for the treatment of
aqueous solutions and its application to agricaltusoils to strengthen and extend
the sorption of insecticides and herbicides to desgshe danger of groundwater
pollution [1, 22].

Among the applications that have been researchéwisse of olive cake as a partial
substitute in lamb feeding mixes. The effect otiphreplacement of barley grains by olive
cake in lambs feeding mixes was beneficial in teofrisnproving the performance, nutrient
digestibility and blood metabolites of Awassi lam38]. In addition, the economics of
employing olive cake may be detected by the redndti feed cost and the gross returns on
animal products such as meat and milk. Recent edudiiave brought attention to
an emerging trend: the utilisation of olive wasteaaresource for producing bioplastics and
biofertilisers [32, 33].
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Reported investigations for olive cake valorisationlordan include the manufacture
of sorbent material for the treatment of aqueoustisms [34, 35], bioadsorbent for the
purification of biodiesel [36], usage as a soil adment, particularly in soils low in
organic matter, such as arid and semi-arid regi®1$, compost production [38-40],
bio-fuel production via pyrolysis [9], and the prmiion of animal feed for the poultry
industry [41].

The best practice for olive cake valorisation nmnstude a comprehensive review of
the project’s technical, environmental, and soaweenic implications. Environmental
impact assessment (EIA) studies forecast the emviemtal impact of a proposed
development project. EIA ensures that possible lprob are identified and addressed early
in the project planning and design process. Thabéshment of an EIA system is critical
for conforming socioeconomic development projecisenvironmental safety and, as
a result, ensuring long-term economic growth [44pid impact assessment (RIAM) is
a tool for organising, analysing, and presentirgfthdings of a comprehensive EIA [43].
The RIAM model is used to compare various projéetsed on their negative and positive
outcomes [44, 45].

The aim of this research is to evaluate the enumemtal impacts associated with the
utilisation of olive cake through gasification, domstion, and composting methods, by
achieving two objectives:

* ldentify and address possible environmental problearly in the planning and design
stages of olive cake valorisation projects.

 Assess both the negative and positive outcomesasffigation, combustion, and
composting methods for olive cake valorisation, ingnto provide insights into the
most environmentally sustainable approach fortitsation.

RIAM methodology

Based on the scaling criterion, the RIAM approach eémployed for rapid
environmental impact assessment. For each scerpramtitative scores are established.
The activities included in the proposed olive cailtéisation methods are scored against
each particular environmental aspect.

Four environmental aspects are assessed basedeoRIAM methodology. These
environmental aspects are: physical/chemical compisn (PC), biological/ecological
component (BE), social/cultural components (SCY anonomic/operational component
(EO). The PC components refer to the natural anedmatal characteristics of the
environment, such as air quality, water qualityi pooperties, noise levels, and climate
conditions. They focus on how a project or actiaffects the physical environment and
chemical balance. The BE components involve thecedf on living organisms and
ecosystems, including vegetation, wildlife, halsitatbiodiversity, and ecological
relationships. They assess whether the projectesaligbitat loss, species disturbance, or
changes in ecological processes. The SC compormsr the impact on human
communities, lifestyles, heritage, traditions, andtural assets. They consider factors like
population health, social well-being, communityusture, cultural identity, and historical
or archaeological sites. The EO components relateconomic activities, employment
opportunities, infrastructure development, and afienal aspects of the project. They
assess how the project influences local or regi@tanomies, resource utilisation, and
sustainability of operations.
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The environmental aspects are assessed basedeotrifieria, namely: importance of
condition X;), magnitude of change/effecK,j, permanenceYy), reversibility (), and
cumulative ¥s). In the RIAM methodology, the five standard aiie focus on the
significance, scale, and persistence of impactd, da not explicitly account for
the likelihood or probability of the impact occungi In RIAM, it is generally assumed that
the conditions being assessed are likely or cettagtcur based on project activities.

To provide a legal and regulatory context for olAIR assessment, relevant Jordanian
national legislation and environmental standardgmding the handling, utilisation, and
disposal of olive cake were considered. The Wasieaddgement Framework Law No. 16 of
2020 [46] establishes the overall framework for twamanagement in Jordan, including
reduction, reuse, recycling, treatment, and saspasial of various types of waste, such as
agricultural by-products. In addition, regulatiogsverning the disposal of olive mill
wastewater (“zibar”) require that it be transportediesignated landfills under monitoring
by the Environmental Police Directorate, as impropesposal can cause significant
environmental impacts. Previous studies have atsphasised the need for appropriate
legislation to regulate the application of untreatdive mill wastewater to soil, ensuring
environmentally safe practices and promoting soatzé utilisation of olive by-products.
Incorporating these references strengthens theypievance of our findings and situates
the RIAM assessment within the framework of Jordam@nvironmental regulations.

A set of straightforward formulas is utilised tosess the value assigned to each
criterion category, wherein the individual componecores are determined based on
well-defined criteria, providing a quantifiable nse#e of the anticipated impact from each
component. In categoryX], the scoring system involves a simple multipimatof the
scores allocated to each criterion. This approashires that the significance of each score
is represented and mitigates the possibility ohibal results for different conditions that
could arise from a mere summation of scores. Caeler in categoryY), the scores
assigned to each criterion are aggregated to giedthgle sum. This method eliminates the
influence of individual value scores on the ovemadbre while still acknowledging the
collective importance of all values in categoX).(Subsequently, the product of category
(X) scores is multiplied by the sum of category gcores to derive the environmental score
(ES) for the condition.

The mathematical representation of the aforemeatigorocess is as follows [47]:

X, 0X, = X, 1)
Y, +Y,+Y, =Y, (2)
ES= X, OV, 3)

ES signifies the environmental score for the conditi®nce the environmental score
“ES’ is calculated, it is then converted into a rafgand. A range band is a categorical
scale that groups thES values into qualitative classes (e.g., major pasitmoderate
positive, minor negative). This helps in undersitagdthe magnitude and direction of
environmental impacts.

Table 1 gives the scores for each individual aspgecbe determined using the
assessment criterion proposed by Pastakia andnJpt&e
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Table 1
Scores for each individual aspect using the assagstriterion [43]
Criteria Scale Description
4 Importance to national/international interest
3 Importance to regional/national interest
X1: Importance of condition 2 Importance to areas immediately outside the looaditions
1 Importance only to the local conditions
0 No importance
+3 Major positive benefit
+2 Significant improvement in status quo
+1 Improvement in status quo
Xo: Magnitude of change/effec| 0 No change in status quo
-1 Negative change in status quo
-2 Significant negative benefit or change
-3 Major disbenefit or change
1 No change/not applicable
Y1: Permanence 2 Temporary
3 Permanent
1 No change/not applicable
Y,: Reversibility 2 Temporary
3 Permanent
1 No change/not applicable
Ys: Cumulative 2 Temporary
3 Permanent
Table 2 displays the environmental scores andahge bands used in RIAM.
Table 2
Conversion of environmental scores to range badls [
Environmental score (ES) | Range bands (RB) | Range value (RV) Description of range value
+72 to +108 +E 5 Major positive change/impacts
+36 to +71 +D 4 Significant positive change/impacts
+19to + 35 +C 3 Moderately positive change/impacts
+10 to +18 +B 2 Positive change/impacts
+1to +9 +A 1 Slightly positive change/impacts
0 N 0 No change/status quo/not applicablg
-1to-9 -A -1 Slightly negative change/impacts
-10to-18 -B -2 Negative change/impacts
-19t0-35 -C -3 Moderately negative change/impacts
-36to-71 -D -4 Significant negative change/impacts
—71to -108 -E -5 Major negative change/impacts

The implementation of RIAM requires a specialisestessment of environmental
factors, typically delineated through a scopingcess. The methodology for determining
the most significant issues to be evaluated witbath environmental component of
concern involved a comprehensive review of existiibgrature, research articles, and
reports related to the environmental componentsitefest. Subject matter experts in the
fields of environmental engineering, chemical eegiing, ecology, sociology, and
economics are engaged to gather insights and fydsety issues within each environmental
component. Stakeholders, including local commusjtiegovernment agencies,
environmental organisations, and industry repredimets, are consulted to understand their
perspectives and concerns regarding environmessaés.
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Based on the aforementioned methodology, the fatigwsignificant issues are
decided to be evaluated within each environmermadponent of concern:

Physical/chemical (PC) component:

» Air quality: assessing levels of pollutants suclpadiculate matter, and harmful gases.

* Water quality: investigating the presence of corntamts like, heavy metals, and
hydrocarbons in water bodies.

*  Soil contamination: investigating the presenceasftaminants like, heavy metals, and
hydrocarbons in soil.

* Noise pollution: evaluating the intensity, frequgnand duration of noise pollution
from various sources, including transportation,ustdal activities, construction sites,
and recreational activities.

Biological/ecological (BE) component:

« Impacts on animals: assessing the direct and ictdéféects of environmental changes,
such as habitat loss, pollution, and climate changeanimal populations, behaviour,
and physiology.

» Impacts on plants: evaluating the consequenceswfommental disturbances on plant
species richness, abundance, distribution, and eorityn composition, including
changes in plant physiology and phenology.

* Impact of anthropogenic activities, such as urkatius, industrial development, and
infrastructure projects, on ecosystems.

» Land degradation: evaluating the deteriorationhef quality and productivity of land
resources.

Sociological/cultural (SC) component:

e Community health and well-being: assessing the @npé environmental factors on
public health and quality of life.

* Social equity: examining the distribution of enviroental benefits and burdens among
different socioeconomic groups.

* Environmental justice: addressing disparities iness to clean air, water, and green
spaces.

Economic/operational (EO) component:

e Job creation and income generation: estimatingpthiential economic benefits of
environmentally sustainable practices, including ¢theation of jobs and opportunities
for local businesses.

* Value-added products and markets: exploring oppéiés for adding value to natural
resources through innovative processing techniguesaccessing niche markets for
sustainable products.

» Sustainable resource management: analysing theoedorviability of practices that
promote resource conservation and renewable energy.

Three options for olive cake valorisation, nameect combustion, gasification, and
composting, are evaluated using the RIAM procedurehis study, for each valorisation
route (direct combustion, gasification, and comig3t we considered only one
representative set of conditions - the one thatdwen reported, studied, or most widely
applied under similar conditions in Jordan. Thipraach ensures that the comparison
reflects realistic and practical scenarios rath@nthypothetical cases. The RIAM scores
were then calculated for these representative tiondi to compare the three options
consistently.
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Scoring for each individual aspect is determinedoeding to the criteria outlined in
Table 1. Professionals in the fields of chemicajieeering, environmental engineering,
ecology, economics, and sociology are engagedeirstbring process. Forms are prepared
and distributed to these experts to fill out, aftemich they are returned for analysis.
The reported results for each aspect representatissver with the highest frequency,
providing a comprehensive evaluation of each vsdtidon option. The experts involved
include professors and researchers from Jordamiaensities with PhDs and MScs in their
respective fields, as well as senior professiorfaten governmental and regulatory
agencies. Their academic qualifications and prajess experience ensure that the scoring
reflects informed and qualified judgments.

Results and discussion

Table 3 displays the RIAM outcomes concerning ttiésation of olive cake through
direct combustion. The table presents the envirowahescore for each component
alongside its corresponding impact.

Table 3
RIAM results concerning option 1: direct combustafrolive cake
Environmental
component X [ X2 Y1 | Y2 | Ya | Xy | X7 |ES|RV Impact/Change
PC component:
Air quality 1]-2] 3 2 3| -2| 8] -1p-2 Negative change/impacts
. A No change/status quo/not
Water quality 21 0 1 1 1 0 3 ) ] applicable
Soil contamination 1l -1 1 1 1| -1| 3| -3 -1| Slightly negative change/impacts
. . A No change/status quo/not
Noise pollution 0| O 1 1 1 0 3 )] applicable
BE component:
Impacts on animals g ( 1] 1 1 D (3 |0 |O No change{status quo/not
applicable
No change/status quo/not
Impacts on plants g d 1 1 1 D 3 |0 |0 applicable

Impact of anthropogenid

activities on ecosystems 1]-1| 3 2 3| -1| 8| -8 -1| Slightly negative change/impacts

Land degradation 1 ¢ 1 1 1 ¢ B o |o Nochange/status quo/not
applicable
SC component:
Comrr\;vlér;ll_tger;gglth and 1)1 3 2 3 1| 8| 8 1] Slightly positive change/impacts
Social equity 11 1 3 2 2 1 7T ¥ 1L Slightly positilenge/impacts
Environmental justice 1] 1 3 2 . |l [7 |7 |1 Slightlspioe change/impacts

EO component:
Job creation and income:

generation 1)1 3 2 2 1| 7| 7| 1] Slightly positive change/impacts
Value-added products arjd 2|1 3 2 2 2|1 70 14 2 Positive change/impacts
markets
Sustainable resource - -
management 2|1 3 2 2 2|1 7 142 Positive change/impacts

Regarding the PC component, option 1 (direct cotmusf olive cake) shows no
impact on noise pollution and water quality. Thé&sea slightly negative impact on soil
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pollution, indicating a minor adverse change. Dgrithe combustion process, certain
compounds released as byproducts may infiltrate ¢$béd, potentially leading to
contamination. This can include ash depositionaiaitig heavy metals or other pollutants,
which may negatively impact soil quality and fetyil[48].

The results indicate negative impact on air qualihdicating a more significant
adverse change. Direct combustion generates eméssiech as particulate matter, nitrogen
oxides, sulphur dioxide, and volatile organic connpds. These pollutants can contribute to
air pollution, leading to respiratory issues, smogmation, and other adverse health
effects. Additionally, incomplete combustion maysuk in the release of harmful
substances into the atmosphere [49].

In the BE component, option 1 shows no changeénsthtus quo for animals, plants,
and land degradation. However, there is a sligimbgative impact of anthropogenic
activities on ecosystems. The slightly negative dntpof anthropogenic activities on
ecosystems indicates that other human-induced rlactuch as habitat destruction or
pollution from surrounding activities, may contribuo detrimental effects on ecosystem
health. Therefore, while the direct combustion lbfeocake may not directly impact certain
ecological components, broader anthropogenic infleae on ecosystems should still be
considered in environmental assessments.

In the SC component, the RIAM results indicatedighy positive change or impact
for community health and well-being, social equiipd environmental justice concerning
the option of direct combustion of olive cake. Tdigght positive change in community
well-being suggests that there are some benefiffects associated with the direct
combustion of olive cake. The combustion proceaddedo the reduction of waste and the
generation of energy that benefits the commuriitgreby, contributing to improved overall
well-being. The slight positive impact on socialiigg implies that the direct combustion of
olive cake contributes to a more equitable distidru of environmental benefits and
burdens among different socioeconomic groups. Rstance, the implementation of this
option leads to improved access to energy, andcestenvironmental degradation in
marginalised communities, which could help addresisting inequalities and promote
social justice. The slight positive change in eowinental justice indicates that the option
of direct combustion of olive cake leads to faléstribution of environmental benefits and
burdens across communities. This could involve enguthat environmental risks and
benefits are equitably distributed, and that vidbér or disadvantaged populations are not
disproportionately affected by negative environrakimhpacts.

In the EO component, the RIAM results for the optaf direct combustion of olive
cake indicate slightly positive change/impactsah preation and income generation and
positive change/impacts for both value-added prtsdwend markets and sustainable
resource management. The slightly positive changeli creation and income generation
suggests that the option of direct combustion d¥eolcake leads to the creation of
employment opportunities and increased income $ewdthin the community. This could
be due to the establishment and operation of figsilifor olive cake briquetting, which
requires a workforce for operation and other relatetivities. Additionally, income may be
generated through the sale of energy produced fitive cake combustion or through
associated industries that utilise the by-prod{ff§. The positive change in value-added
products and markets indicates that the direct emtidn of olive cake has the potential to
create value-added products and access new mdBddtsFor example, the combustion
process vyield by-products such as ash or bioch&ichvcan be utilised in various
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applications such as soil amendment, constructiatenals, or as raw materials for other
industries. Expanding the market for these valugedd products can contribute to
economic growth and diversification. The positivbaoge in sustainable resource
management highlights the potential of direct costiopm of olive cake to promote
sustainable utilisation of resources. By utilisiliye cake as a renewable energy source,
the option supports the efficient management oficaljural residues and reduces
dependency on fossil fuels [52]. The economic anmkrational benefits (heat, or
employment) are important not just at the projeite¢ $ut also for the surrounding
community or region where the project is implemdnt&dditionally, it may contribute to
mitigating climate change by reducing greenhouseggaissions associated with traditional
waste disposal methods or fossil fuel combusti@j.[5

Table 4 displays the RIAM outcomes concerning ttigsation of olive cake through
gasification. The table presents the environmestate for each component alongside its
corresponding impact.

Table 4
RIAM results concerning option 2: gasification difze cake
Environmental
component Xe | Xa| Y1 | Ya| Yz | X1 | X7 |ES|RV Impact/Change
PC component:
Air quality 1]-1] 3 2 3| -1| 8| —-§ —1| Slightly negative change/impacts
Water quality 1] o 1| 1| 1| o 3 ¢ ¢ Nochange/status quoinot
applicable
Soil contamination 0| 0O 1 1 1 qa B 0 |0 No change{status quo/not
applicable
Noise pollution 1 -1 1 1 1| -1| 3| -3 -1]| Slightly negative change/impacts

BE component:

No change/status quo/not

Impacts on animals g ( 1] ] | D |13 |0 |0 applicable
Impacts on plants o 1 1 1 D |3 |0 |O No change/_status quo/not
applicable

Impact of anthropogenid
activities on ecosystemg

Land degradation 1 1 1 1 D 3 |0 |0 No change{status quo/not
applicable

1]-1| 3 2 3| -1| 8| -8 -1| Slightly negative change/impacts

SC component:
Community health and

1)1 3 2 3 1| 8| 8 1 Slightly positive change/impagts.

well-being
Social equity 1] 1 3 2 1 1 6 [ Slightly positiveange/impacts
Environmental justice 1] 1 3 2 1 6 1|6 |1 Slighthsitioe change/impacts

EO component:
Job creation and income

3 1)1 3 2 2 1| 7| 7/ 1 Slightly positive change/impacts
generation
Value-added products and Moderately positive
markets 2|2 3 2 2 4 7 283 change/impacts
Sustainable resource . )
management 211 3 2 2 21 70 14 2 Positive change/impacts

In the PC component, the RIAM results for the aptaf gasification of olive cake
indicate slightly negative change/impacts in airalgy and noise pollution and no
change/status quo/not applicable for water and cmitamination. The slightly negative
change in air quality and noise pollution sugg#isés gasification of olive cake may have
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some adverse effects on these environmental pagesndluring the gasification process,
emissions such as particulate matter, nitrogenesxidnd volatile organic compounds may
be released into the atmosphere, contributing topallution [54]. Additionally, noise
pollution may result from the operation of gasifioa equipment or associated activities.
While the negative impacts may be relatively mioompared to other sources of pollution,
they still warrant consideration and potential gation measures to minimise adverse
effects on air quality and noise levels. The staue or no change for water and soil
contamination indicates that gasification of oliv@ke is not expected to directly impact
these environmental components. Unlike combustioocgsses, gasification typically
involves high-temperature conversion of organicemals into syngas without combustion,
resulting in minimal production of ash or combustioy-products that could contaminate
water or soil [55]. Therefore, water and soil conitzation may not be relevant concerns for
the gasification option, or the potential impactaynbe negligible compared to other
environmental considerations.

In the BE component, the RIAM results for the optiof gasification of olive cake
indicate no change/status quo on animals, plandsiamd. Nevertheless, gasification of
olive cake may contribute to broader negative ¢ffemn ecosystems due to human
activities. Gasification processes can generatessams or by-products that may affect
ecosystem health, such as air pollution or haldisturbance [56]. While the negative
impact may be relatively minor compared to otheivies, it still warrants consideration
and potential mitigation measures. Similar to afémend plants, the status quo or no
change indicates that gasification of olive cakeesdmot directly contribute to land
degradation. This suggests that the gasificatimtgss does not involve significant land
use changes or practices that would degrade salitgjor lead to erosion [57].

In the evaluation of olive cake gasification thrbufpje SC component of the RIAM,
the findings indicate that there is a slightly piesi change in the impact on community
health and well-being, social equity, and environtak justice. The slightly positive
change in community health and well-being implieat the gasification of olive cake could
potentially contribute to improving the overall ktbaand well-being of the community.
This could be due to reduced reliance on traditi@rergy sources that may produce
harmful emissions, leading to better air qualitydaa healthier living environment.
The slight positive change in social equity suggebhat gasification of olive cake may
promote fairness and equality within the commurity.providing access to cleaner energy
sources and potentially creating employment oppitras, the option could help reduce
disparities and improve social cohesion. The digpbsitive change in environmental
justice indicates that the gasification of olivekeamay contribute to addressing
environmental issues in a fair and equitable manhiis could involve ensuring that the
benefits and burdens of the process are distribftiely among all members of society,
regardless of socio-economic status or other factor

In the evaluation of olive cake gasification thrbuthe Economic/Operational (EO)
component of the RIAM, the findings indicate thagre is a slightly positive change in the
impact on job creation and income generation. Tds#figation of olive cake leads to some
positive outcomes in terms of employment opporiesind economic prosperity within
the community [58]. This could be through directpdmyment in the gasification process or
indirect employment in related industries and smj leading to economic growth and
poverty alleviation. There is a moderately positorenge in the impact on value-added
products and markets. The gasification of oliveechls the potential to create value-added
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products [59] and open up new markets, contributiog economic growth and
diversification. By converting olive cake into vahle energy products or biofuels, the
process could enhance economic competitivenesstandlate investment in the region.
There is a positive change in the impact on suslédénresource management. This suggests
that gasification of olive cake may contribute twre sustainable use of resources,
potentially leading to environmental benefits andd-term viability of the process [60].
The EO component in our RIAM assessment focusedatre-added products and market
potential. Financial aspects such as initial cpayback period, or benefits/cost ratio were
not included, as the scope of the assessment wagtoate environmental and operational
significance rather than detailed economic feagbil

Table 5 displays the RIAM outcomes concerning ttisation of olive cake through
composting. The table presents the environmentakesfor each component alongside its
corresponding impact.

Table 5
RIAM results concerning option 3: composting of/elcake
Environmental
component Xo [ X2 Y1 | Y2 | Ya | Xy | X7 |ES|RV Impact/change
PC component:
Air quality 1]-1] 3 2 3| -1| 8| —-§ —1| Slightly negative change/impacts

=
|
=
w
-
w
|
=
~
|
1
|
=

Water quality Slightly negative change/impact

7]

Soil contamination 1l 2 3 1 3 Y. 142 Positive change/impacts
Noise pollution ol of 1| 1| 1| o 3 ¢ ¢ Nochange/stats quo/not
applicable
BE component:
Impacts on animals 1 1 3 ] B L |7 |7 |1 Slightly pesithange/impacts
Impacts on plants 1 2 3 1 P |7 L2 Positive change/impacts

Impact of anthropogenig
activities on ecosystemg
Land degradation 1
SC component:
Community health and . - .
well-being 111 3 2 3 1| 8| 8 1 Slightly positive change/impacts

Social equity 1] 1 3 2 1 1 ¢

1)1 3 2 3 1| 8| 8 1 Slightly positive change/impacts

[N
w
=
152
N
=
S

Positive change/impacts

1=

L  Slightly positiveange/impacts

Environmental justice 1 1 3 2 1 6 |6 |1 Slighthsjpiee change/impacts
EO component:
Job creation and income - ;
generation 211 3 2 2 21 71 14 2 Positive change/impacts
Value-added products and Moderately positive
markets 2|2 3 2 2 4 7 283 change/impacts
Sustainable resource 2| 9 3 2 5 al 71 28 3 Moderately positive
management change/impacts

In the evaluation of composting of olive cake tlgbuhe PC component of the RIAM,
the findings indicate slightly negative change in and water qualities. Composting of
olive cake may result in some minor emissions twatld affect air quality [61]. These
emissions may include gases such as carbon diaxidmethane produced during the
composting process. While these emissions araweliatminor compared to other sources
of air pollution, they still warrant consideraticand potential mitigation measures to
minimise their impact. Composting of olive cakededo some minor impacts on water
quality, possibly through leachate runoff contagnimutrients or organic matter [62]. Proper
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management practices, such as controlling runaffraanaging composting sites, can help
mitigate these impacts and protect water quality.

There is a positive change in soil contaminatiore Tpositive change in soil
contamination indicates that composting of oliv&kecanay have positive effects on soil
quality. The addition of composted olive cake td san improve soil structure, fertility,
and microbial activity, leading to healthier andrmproductive soils [63].

There is no change or status quo in the impactasenpollution. This implies that
composting of olive cake does not directly contrébto noise pollution, or that any noise
generated during the process is negligible and doewarrant significant concern.

The slightly positive change in impacts on animaiplies that composting of olive
cake could potentially provide benefits for aninpadpulations or habitats. This could
include improved habitat quality, food availabilityr other factors that support animal
well-being. The positive change in impacts on mantggests that composting of olive cake
may have favourable effects on plant growth, ditgrer resilience [64]. Composted olive
cake could serve as a nutrient-rich soil amendmenttancing soil fertility and promoting
healthier plant growth [65]. The slightly positielange in the impact of anthropogenic
activities on ecosystems indicates that compostinglive cake may help offset some of
the negative impacts of human activities on natecalystems. By recycling organic waste
materials like olive cake through composting, tlmecpss could contribute to ecosystem
restoration or conservation efforts. The positibargge in the impact on land degradation
suggests that composting of olive cake may playla in preserving soil quality and
preventing land degradation. Composted olive cal® improve soil structure, moisture
retention, and nutrient levels, reducing erosiord anhancing the sustainability of
agricultural or natural ecosystems.

There is a slightly positive change in the impattcommunity health and well-being,
social equity, and environmental justice. This sy that composting olive cake may
have beneficial effects on these aspects of sod@ynposting olive cake can lead to the
production of nutrient-rich compost, which can lsedito enrich soil and support healthier
plant growth. This may enhance access to freshugedand green spaces, promoting
physical and mental well-being among community mersbThe slight positive change in
social equity suggests that composting olive cakg help promote fairness and equality
within the community. By providing opportunities rfgparticipation in composting
initiatives and access to nutrient-rich soil ameadts, the process could contribute to
bridging socioeconomic disparities and fosteringiaainclusion. This may lead to a more
equitable distribution of environmental benefitglaasources among community members.
The slightly positive change in environmental jostindicates that composting olive cake
may contribute to addressing environmental isswes ifair and equitable manner. By
diverting organic waste from landfills and reductpgenhouse gas emissions, composting
can help mitigate environmental pollution and clienahange impacts. This may benefit
marginalised communities disproportionately affdctdoy environmental hazards,
promoting environmental justice and equity in resewllocation and management.

The positive change in job creation and income gaiman implies that composting
olive cake could result in the creation of emplopiepportunities and income streams for
individuals involved in the composting process, vasll as those engaged in related
activities such as sales and distribution of corhposducts [66]. This could contribute to
economic development and poverty alleviation ind¢bexmunity. The moderately positive
change in value-added products and markets sugtiegteomposting olive cake has the



52¢ S.H. Aljbour, A. Al-Harahsheh, N.A. Jarrah, H. Aakhaiedeh, T. El-Hasan and S. Al-Rahaifeh

potential to add value to the original waste mateand create marketable compost
products [67]. These products could be used inouariapplications such as agriculture,
landscaping, and soil remediation, thereby openipgnew market opportunities and
increasing revenue streams for businesses involiedthe composting industry.
The moderately positive change in sustainable resounanagement indicates that
composting olive cake may help promote more efficend sustainable use of resources
[68]. By recycling olive cake into nutrient-rich mpost, the process can reduce the need
for chemical fertilisers and improve soil healtreading to enhanced agricultural
productivity and environmental conservation. Thigreas with principles of sustainable
resource management and contributes to the oveeailience of ecosystems and
communities [69].

Compar ative assessment of olive cake valorisation options

Overall, all three options for olive cake valorieat direct combustion, gasification,
and composting have distinct advantages and liimitatacross the physical/chemical,
biological/ecological, sociological/cultural, and comomic/operational components.
The choice of the most suitable option dependsaotofs such as local conditions, resource
availability, infrastructure, and stakeholder prefees. Previous studies have similarly
highlighted that the best valorisation pathway esuilepending on regional characteristics
and intended outcomes [70-72].

Based on our RIAM assessment, composting of oligkecis recommended for
Al-Karak Governorate, Jordan, because it providessitive impacts on soil quality,
minimal environmental and social impacts, and eognoopportunities through job
creation and value-added products.

These findings align with previous research showtimat composting enhances soil
fertility while being a feasible and low-impact @pt in regions with available land and
agricultural activities. Further stakeholder cotetibn, feasibility studies, and
implementation planning are recommended to ensuceessful adoption and maximise
benefits.

The gasification option may be more suitable ireottegions of Jordan where there is
demand for energy production and existing infragtme for gasification. Areas with
limited agricultural land or where composting ldgis are challenging may benefit more
from gasification, which allows for renewable enengecovery and the production of
biochar [71]. Feasibility studies and stakeholdegagement would be necessary to identify
the most suitable locations for implementing gaatiion.

Conclusion

This study highlights the potential for valorisintive cake waste in Jordan through
different options such as direct combustion, geaifon, and composting. While each
option offers unique advantages and challenges,posting emerges as the most
favourable choice due to its positive impacts oih gaality, minimal environmental and
social risks, and economic benefits. However, gagibn and direct combustion also
present viable alternatives, particularly in regiowith specific energy needs and
infrastructure. Stakeholder consultation and furfieasibility studies are recommended to
determine the optimal olive cake valorisation optior each region in Jordan, ensuring
sustainable waste management and maximising ecenand environmental benefits.
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Overall, this research contributes to advancingeotiake valorisation efforts in Jordan and
informs decision-making processes in the field aiste management and renewable
energy.

Future research in the field of olive cake valdita in Jordan holds significant
potential for addressing critical gaps and advapdimowledge in several key areas.
Research focusing on the development and optiraisadf novel technologies for olive
cake valorisation, such as advanced gasificatistesys and integrated waste management
approaches, can enhance efficiency, resource rgcoaed environmental performance of
olive cake valorisation processes. Research exagirthe policy and governance
frameworks governing olive cake valorisation indior can identify barriers, challenges,
and opportunities for promoting sustainable wassmagement practices and renewable
energy utilisation. Comparative studies of poligpeaches in other regions can provide
valuable lessons and insights for policymakers.

In addition to the findings presented, it is recoamated that further EIA be conducted
for olive cake valorisation projects in Jordan. BExation of additional valorisation options,
such as anaerobic digestion, advanced biochar ptiodyu or integration into circular
economy frameworks, could provide complementaryirenmental, economic, and social
benefits. Incorporating these approaches in fusitglies would help identify the most
sustainable and context-appropriate solutions fireocake management in different
regions of Jordan.
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