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h i g h l i g h t s

� The review discuss the water scarcity as main restriction of biorefinery in arid regions.
� The review focus on MENA region available biomass to be used in biorefinery processes.
� The review presents prices and market size of potential products from waste biorefinery in the MENA region.
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a b s t r a c t

The utilization of waste biorefineries in arid/semi-arid regions is advisable due to the reduced sustainable
resources in arid/semi-arid regions, e.g. fresh water and biomass.
This review focuses on biomass residues available in arid/semi-arid regions, palm trees residues, sea-

water biomass based residues (coastal arid/semi-arid regions), and the organic fraction of municipal solid
waste. The present review aims to describe and discuss the availability of these waste biomasses, their
conversion to value chemicals by waste biorefinery processes. For the case of seawater biomass based
residues it was reviewed and advise the use of seawater in the biorefinery processes, in order to decrease
the use of fresh water.
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1. Introduction

Arid and semi-arid regions are defined by their water scarcity.
A water scarcity indicator is the annual renewable freshwater
(m3/inhabitant/year) (FAO, 2012), where values below 500 are con-
sidered of Absolute water scarcity, values between 500 and 1000
are chronic water shortage, between 1000 and 1700 are regular
water stress, and above 1700 are occasional or local water stress.
As an example of arid region, the Middle East and north Africa
(MENA) region is comprised of 20 countries (WB, 2015) with water
scarcity concerns. From the 20 MENA countries, 14 are in absolute
water scarcity, 4 in chronic water scarcity, and two in occasional of
local water stress.

Biomass availability in arid regions can be obviously considered
limited for the fresh water scarcity which constrains forestry, and
limited amount of agricultural activities compared with not arid
regions. Biomass residues available in arid/semi-arid regions may
be derived from Palm trees related activities (El-Juhany, 2010), as
the in the MENA region, fisheries and marine capture-farming-
processing in coastal arid/semi-arid areas (FAO, 2013), and the
organic fraction of municipal solid waste (Hoornweg and Bhada-
Tata, 2012).

The biorefinery of such of biomass residues can produce valu-
able products, e.g. activated carbon, organic acids, biogas, that can
contribute to the economy of the arid regions. Table 1 shows prices
and market size of products that can be produce by waste biorefin-
ery, and conventional products that can be alternatively produced
by the biorefinery of residues (Alibaba, 2015; Bastidas-Oyanedel

et al., 2015; BusinessWire, 2014; GlobeNewswire, 2015; IEA,
2014; Indexmundi, 2015).

Therefore waste biorefineries in arid/semi-arid regions have a
main challenge, to minimize the use of freshwater for their pro-
cesses, and adapt to the available biomass residues. The present
review aims to describe and discuss the availability of these waste
biomasses, their conversion to value chemicals, minimizing the use
of fresh water in some cases. The review is divided into: valoriza-
tion of date palm residues, Saltwater-based biorefinery, and biore-
finery of the organic fraction of municipal solid waste.

2. Valorization of palm residues

2.1. Biomass resource from dates waste and palm residues

The date palm (Phoenix dactylifera L.) is a major fruit crop in
most MENA countries. It has historically been connected to sus-
taining human life and traditional heritage of the people in the
old world as a major agricultural crop. MENA countries possess
70% of the 120 million world’s date palms (El-Juhany, 2010). Dates
fruits are the most important agricultural product of many coun-
tries in the MENA.

The culture of date palms involves the generation of leaf resi-
dues. Generally, each date palm tree produces 10–30 dried leaves
annually. An average naturally dried leaf (includes leaflets and
rachis) has a mass of 2–3 kg (Mallaki and Fatehi, 2014). Hence,
each date palm is estimated to yield approximately 50 kg leaf resi-
dues per year. The annual global production of lignocellulosic feed-
stock from date palm leaf residues is estimated to be over 6 million
tonnes.

Another biomass resource from date palm includes discarded
dates fruits. Total global production of dates in 2013 was 7.6 mil-
lion tonnes (FAO, 2015). However, 25% of the dates could be con-
sidered as a waste product due to the very low quality (Bassam,
2010), which means a production of 1.9 million tonnes waste bio-
mass including around 1.7 million tons of flesh with high carbohy-
drate content (�70–80%) (Al-Farsi et al., 2005), and 0.2 million tons
of date seed, also named as date pits, and date stone, and constitute
about 10% of the date weight (Ahmad et al., 2012).

2.2. Current status of palm waste management

Date palm lignocellulosic residues, e.g. leafs, have not drawn
sufficient attention for its valorization. This dry organic biomass
is not consumed by animals and has traditionally been used in
shading, house construction, crates, ropes, baskets, and other
handicrafts (Chao and Krueger, 2007). Apart from that, the ligno-
cellulosic biomass is burned without appropriate application.
Regarding the discarded dates, these are used for limited applica-
tions such as animal feed and a component for compost prepara-
tion. Thus most of the wastes are problematic to environment

Table 1
Bulk prices and market size of potential products from the valorization of solid
organic waste in MENA region.

Compound Price (USD/tonne) Market size (tonne/year)

Activated Carbon 800–2000a 1.37 � 106 (2013)b

Biochar 250-800a 105 (2013)c

Glass Fiber 800–1500a 4 � 106 (2011)c

Acetic acid 400-800d 3.5 � 106 (2013)d

Butyric acid 2000–2500d 3 � 104 (2013)d

Propionic acid 1500–1700d 1.8 � 105 (2013)d

Caproic acid 2000–2500d 2.5 � 104 (2013)d

Lactic acid 1000–2100d 1.2 � 104 (2013)d

Ethanol 800–2000d 5.1 � 107 (2013)d

Butanol 1000–1800d 3 � 106 (2011)d

Diesel 456e 1.2 � 109 (2009)d

Jet Fuel 459e 2.5 � 108 (2008)d

Natural Gas 0.05–0.12e 2.9 � 109 (2013)f

a Alibaba (2015).
b GlobeNewswire (2015).
c BusinessWire (2014).
d Bastidas-Oyanedel et al. (2015).
e Indexmundi (2015)
f IEA (2014).
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