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The main agricultural product in Saudi Arabia is the date palm, it has been playing a significant role in the daily life of the people in the 

Middle East and North Africa for the last seven thousand years. Saudi Arabia is the third-largest global producer of dates, while Egypt occupies 

the number of one position as the largest date producer across the world. the total production of date in 2018 in Saudi Arabia was reported at 

1,399,762 metric tonnes in 2018 from an estimated 30,429,607 trees, which were cultivated in an estimated area of 155,118 hectares. 

Using a case study in the Riyadh region of Saudi Arabia, the use of biomass from date palm was investigated. It was demonstrated that this 

material may provide a feasible sustainable energy supply in Saudi Arabia. The total quantity of potential biomass generated from the residues of 

date palm in the Riyadh region to produce energy would be 865 x 106 tonnes per year. The overall potential to recover energy from the residues 

of date palm was forecasted to be 15.63 PJ per year 
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INTRODUCTION 

Date palm is one of the main agricultural products in 

the arid and semi-arid regions across the world, 

particularly in the Middle East and North Africa 

(MENA) region. Being a tropical and subtropical tree 

that belongs to the Palmae family, the date palm has 

been playing a significant role in the daily life of the 

people in the MENA region for the last seven thousand 

years [1]. The latest data from The World Bank (2020) 

shows that Saudi Arabia has only 1.6% arable land in 

2016 out of 2.149 million km2 of its total land, which is 

characteristically comprised with an arid and semi-arid 

climate. Although the country has between three and 

four times as much arid land as arable, the potential 

arable land is not yet used. The main region of Saudi 

agricultural land lies in regions that are short of water,  

 

 

with rainwater averages at 250 mm per year or more. 

The temperature in Saudi Arabia is comparatively high 

and can reach up to 50°C during the summer in places, 

while the humidity is comparatively high in the eastern 

part of the country. The soil in Saudi Arabia is normally 

fragile and it is eroded by wind and water, while the 

high salinization degrades the soil. According to 

Erskine et al.[2] more than ninety percent of the Arabian 

Peninsula’s land suffers from desertification, of which 

sixty percent of the desertification is caused by wind 

and water erosion, and more than forty percent of this 

desertification can be considered as severe to very 

severe. 

According to Aleid et al. [3] the total number of 

named date palm cultivars across the world has been 

estimated at 5,000, but the flavour of date palm differs 
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between cultivars and location, and can even vary 

within  date groves, . The most widely grown fruit tree 

in Saudi Arabia is the date palm, which is mainly 

grown in areas that have long dry summers and mild 

winters. The date palm trees thrive in desert and oasis 

climates, wherein the temperature should be high but 

the level of groundwater should be near to the soil 

surface [4]. According to Al-Alawi et al.[5], the 

production of date fruit depends on the availability of 

heat, and the dry areas have the most number of the dry 

fruit cultivars due to the availability of humid and 

semidry land. Saudi Arabia’s date palms can grow in 

various types of soil, but the light deep soils provide the 

best conditions. The date palms in Saudi Arabia can 

tolerate high degrees of salinity, for example up to 

22,000 ppm, but the cultivars’ grown trees and fruits 

also differ according to the level of salinity[3]. 

According to Sirisena et al.[6], the level of salinity 

provides negative influence of the growth and 

chlorophyll contents of the date palm trees.  

The global cultivation of date palm has increased 

rapidly in recent years. The annual production of date 

across the world in 2018 has been reported at 8.83m 

metric tonnes[7], which have been valued at US$ 4.2bn. 

Saudi Arabia is the third largest global producer of 

dates, while Egypt occupies the number of one position 

as the largest date producer across the world[8]. Based 

on the data provided by the Ministry of Agriculture, 

Riyadh has the highest annual production of date at 

361,649 metric tonnes within an estimated area of 

42,208 hectares. The Kingdom of Saudi Arabia is 

divided into thirteen regions. The Riyadh region, which 

contains the Administrative Capital, which was used as 

a case study in this chapter, is considered the highest 

area with numbers of date palms (7.86 x 106) and 

consequently, dates production. And it comes in second 

place in numbers of date palms (7.33 x 106) is the 

Qassim region, which is an agricultural region that 

produces the most luxurious types of dates in the 

Kingdom, which are exported abroad. The Medina 

region comes in third place (4.62 x 106) and one of the 

most important types of dates produced in Al Madinah 

is Al-Ajwa, which is considered one of the most 

expensive types of dates. The eastern region comes in 

fourth place in the production of dates (3.92 x 106), 

which is considered one of the richest regions in the 

world due to the presence of many oil fields in it. 

Table (1) shows the date production and approximate 

areas by region in 2018 in Saudi Arabia. 

Table 1The production of date and estimated areas in 

Saudi Arabia in 2018 [9]. 

 

 

Table (7-1) shows that the total production of date in 

2018 in Saudi Arabia was reported at 1,399,762 metric 

tonnes in 2018 from an estimated 30,429,607 trees, 

which were cultivated in an estimated area of 155,118 

hectares. Figure (7-1) shows that the central region of 

Saudi Arabia – Riyadh – has the highest production of 

dates in 2018, which accounts more than 25% of the 

estimated total production. The second and third places 

go to Qassim region and the Eastern region with an 

estimated more than 19% and 15% of the total 

production respectively [9]. 

 

 

The orchards of date palm are also distributed in 

different places in Saudi Arabia, and according to 

NCFP [9], there are more than 400 date cultivars in the 

main four regions, such as Riyadh, Qassim, Eastern, 

and Madinah, of which only 50 to 60 cultivars produce 

dates commercially in these four regions [10]. Figure (1) 

shows the 13 geographical regions that contain various 

cultivars of date palm. 

Region No of date 

palm 

Production Area (ha) 

Riyadh 7.86 x 106 361,649 42,208 

Qassim 7.33 x 106 337,220 39,301 

Madinah 4.62 x 106 212,614 18,502 

Eastern 3.92 x 106 180,565 13,625 

Hail 1.89 x 106 87,310 16,187 

Makkah 1.24 x 106 57,220 8,068 

Asir 1.11 x 106 51,415 4,297 

Tabuk 1.01 x 106 46,573 2,966 

Jouf 0.91 x 106 41,898 5,471 

Najran 0.39 x 106 18,394 3,070 

Baha 73,554 3,383 1,095 

Northern 14,329 659 40 

Jazan 8,719 401 288 

Total 30.42 x 106 1.39 x 106 0.15 x 106 
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Figure 1The regions that produce the date through 

various cultivators [3]. 

 

According to Al-Shreed et al.[11], Saudi Arabia has 

the highest per capita consumption of dates in the 

world, which reached to nearly 35 kg per person per 

year. The econometric analyses of the costs of the date 

productions depend on a number of variables, such as 

the increasing level of citrus in dates, the quantity sold, 

and the prices of the final products [3]. According to 

Dhehibi et al.[12], additionally, the production of date 

and the prices of dates are also influenced by the 

cultivators, the costs of production, the intercropping 

within the orchards, and the optimal level of 

operations. In relation to the econometric analyses, 

Aleid et al. [3] noted that the labour cost is the most 

crucial cost factor in the production of dates. During the 

harvest seasons, the cultivators hire many part-time 

and seasonal workers, and the cultivars have little 

control over these seasonal labours.  

 

PRODUCTION OF ENERGY FROM DATE PALM 

WASTE 

Date palm trees generate large quantities of 

agricultural wastes, and the study of Chandrasekaran 

and Bahkali  found that each date tree can generate 

nearly 20 kilograms of dry leaves each year[1].  

Other wastes, for example date stones can provide an 

average of 30% of the date fruits, and these agricultural 

wastes contain cellulose, hemicellulose, lignin, and 

other composites that are commercially used in various 

biological processes. The harvesting of date palm fruits 

is frequently accompanied by considerable fruit losses 

that occur during the picking of fruits, and subsequent 

storage and processing. Because of their insufficient 

textures (too soft), the lost dates, generally named as 

date by-products, are not fit for human consumption 

and are generally rejected [5]. Actually, all organic 

waste materials that arise from date processing may 

have the potential for use as elements for the 

production of compost [1]. The leaflets, date palm 

rachis, fruit stalk pruning, and trunk are the residues of 

the date palm as shown in Figure (2). Additionally, 

Table (7-2) shows the applications of these residues. 

 

 

Table 2 the applications of the residue 

Type of 

residue 

Applications 

leaflets Baskets, crate, carpets, fan, food 

covers, etc. 

Rachis Timber, wood, furniture, mats, 

paper, fuel. Etc 

Fruit 

pruning 

Cages, trays, vases, cords, twine, 

etc. 

trunk Poles, beams, girders, etc 

 

Figure 2A date palm tree [16]. 
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After the cultivation of the date fruits, various 

residues are separated from the tree parts. A full-grown 

date palm tree generally contains 100-130 green palms 

and develops 10-30 new leaves each year. However, it is 

necessary to remove the leaves when they become dry, 

and the branches of the date palm contains nearly 45% 

of leaflets and approximately 54% of rachis [13]. Sait et 

al. [14] found that an adult date palm tree produces 

nearly 20 kilograms of dry leaves each year. With date 

fruits, the overall mass of a solo bunch fruit pruning has 

been reported at nearly 8 kilograms, while the dried 

fruit pruning without the fruits weighs nearly 400-500 

grams [15]. On  average, each acre of land contains date 

palm trees of 80-130, while the trunk of a date palm tree 

has average mass of 60 kilograms in each acre of land, 

as two to three tresses die each year in an acre, and they 

are removed, while new trees are planted. Table (3) 

shows the average weight of various residues of date 

palm. 

 

Table 3Average weight of residues of date palm [16]. 

Type of residue Weight of Residue 

Leaflets 9.2 kg/tree/year 

Rachis 10.8 kg/tree/year 

Fruit pruning 0.5 kg/tree/year 

Date palm trunk 60 kg/acre/year 

Date stone 90 kg/tree/year 

 

 

 

Assessment of Energy Potential from Residues of 

Date Palm 

 

A field survey has been performed for quantifying 

the availability of the residues of the date palm in 

Riyadh, Saudi Arabia, as this region produces nearly 

30% of the total dates in the Kingdom. For reducing the 

moisture contents, the samples were left in the natural 

environment to dry for three days. For developing a 

standardised product to analyse, it was necessary to 

pulverize the samples into particles by hammering and 

each particle weighted less than two millimetres. 

The Measurement of Heating Value 

Experiment was conducted to determine the calorific 

or heating values of the residues and the samples were 

analysed by a bomb calorimeter, model number 6100, 

from Parr Instrument Company. 

 

Table 4Measurement of Heating Value 

Type of 

residue 

HHV(MJkg-1) References 

Leaflets 17.9 [14] 

Rachis 10.9 [14] 

Date 

stone 

18.965 This study 

 

The Measurement of Total Residues (RTi) 

 

To estimate the total residue, the total tree number 

(N) in the region multiplied by the residues produced 

by these trees (Rgi) to find out the total residues of the 

date palm in the Riyadh region: 

 

Table 5Measurement of Total Residues 

Type of 

residue 

Weight of Residue Total Residues 

in Riyadh (kg) 

Leaflets 9.2 kg/tree/year 72.3 x 106 

Rachis 10.8 kg/tree/year 84.9 x 106 

Date stone  90 kg/tree/year 707 x 106 

total 864 x 106 

 

 

THE TOTAL POTENTIAL ENERGY 

Equation (1) has been developed to calculate the 

potential produced energy [17]. 

𝐸𝑝 =  𝑅𝑎𝑖.𝐻𝑖𝑁
𝑖=0 Equation 1 

Where:  

Ep = The contained energy in the residues, mega 

joule per year.  
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RAi = The quantity of available residues for each type 

of residue (i) in tonnes per year for the energy. 

Hi = The value of heating for each type of residue (i) 

in MJ per kg. 

n = The number of types of the residue. 

Table 6total Potential Energy 

Type of 

residue 

Total 

Residues in 

Riyadh (kg) 

HHV 

(MJkg-1) 

Total energy 

(MJ) 

Leaflets 72329737.6 

 

17.9 1294702303 

 

Rachis 84908822.4 10.9 925506164.2 

 

Date 

stone  

707573520 18.965 13419131807 

 

total 864812080  15,639,340,274 

 

 

Economic Analysis 

 

General Assumptions 

The base year for the economic analysis is chosen to be 

2020, which was the latest listed year in the US 

Chemical Engineering cost indices when the feasibility 

study started. All financial data is, therefore, presented 

in 2020 GBP (SAR) according to the Bank of England 

annual exchange rates wherein: 

1 KSA (SR) = 0.19 GBP (£) 

The plant life is assumed to be 20 years, which is in line 

with the general considerations across the majority of 

similar techno-economic studies. Subsequently, 8,000 

operating hours per year is the assumed plant 

availability to account for maintenance downtime. 

Economic Performance 

The economic evaluation was employed using 

discounted cash flow analysis. The component for the 

analysis consists of capital cost, operating cost, and 

projected sales revenue. The profitability of the power 

plant is evaluated through the net present value (NPV) 

and return on investment (ROI) which are suggestive of 

economic feasibility of the power plant [1]. 

 

CAPITAL COST 

The capital cost, which is generally used in the energy 

industry, is the cost of building a power generation 

plant with respect to instantaneous power efficiency 

[2]. This is used as basis for the calculation of the power 

plant capital cost using the exponential method, as 

defined by Equation 4 and 5. The exponential method is 

a simple economic estimation of cost based on capacity 

whereby a scaling factor of 0.6, which is the standard 

proportionality coefficient for scale economies, is used 

in production processes as such  [3]. The calculated 

value is the estimated cost at the reference time, which 

is then used to obtain the updated estimated cost based 

on the chemical engineering plant cost indices [4]. The 

chemical engineering plant cost indices are a system of 

escalation cost tracking of equipment, construction 

labor, building, and supervision in chemical process 

industries, whereby in 2016 and 2020 the plant cost 

indices averaged at 541.7 and 596.2 respectively [4][5]. 

Using the values defined and the average overnight 

capital cost 4,985$/kW for a biomass power plant with a 

50MW nominal capacity [6], the capital cost for the 

power plant with a capacity of 373 MWt is 

£9,085,481.04. 

 

C_b=C_r (S/S_r  )^n          Eq.4 

 Where: 

 Cb is the estimated capital cost of the new power plant 

in 2016 

 Cr is the reference plant capital cost 

 S is the capacity of the new power plant 

Sr is the reference plant capacity. 

 

C_b=$4,985 ((373,000 kW)/(1 kW) )^0.6=$10,982,228.15 

 

C_a/C_b =I_a/I_b                    Eq.5 

 

 Where 

 Ca is the estimated capital cost of the new power plant 

in 2020 

 Cb is the estimated capital cost of the new power plant 

in 2016 

 Ia is the chemical engineering plant cost index for 2020 

Ib is the chemical engineering plant cost index for 2016. 

 

C_2020/C_2016 =I_2020/I_2016                     

C_a=C_2020=C_2016I_2020/I_2016 

=$10,982,228.15(596.2/541.7)=$12,087,141.27   
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The capital cost of a 373 MWt biomass power plant in 

2016 is $10,982,228.15. Therefore, the capital cost of a 

373 MWt biomass power plant in 2020 is $12,087,141.27 

which is equivalent to £9,085,481.04. 

OPERATING COST. 

The operating cost consists of the operating and 

maintenance (O&M) cost of the power plant. It is 

obtained from the sum of the variable operating and 

maintenance cost, and the fixed operating and 

maintenance cost added with the biomass cost. The 

fixed cost and variable cost are obtained using the 

exponential method, whereby an estimated fixed cost of 

110$/kW-yr and a variable cost of  4.2$/MWh in 2016 

are used along with the scaling factor 0.6 and the 

chemical engineering plant cost indices of 541.7 and 

596.2 for years 2016 and 2020, respectively [6][5]. The 

biomass cost is obtained from the sum of the collection, 

storage, and transport costs. The average distance 

covered is approximated to be between 100 km and 150 

km from the suppliers, which constitutes to a 

transportation cost of £100 per 9 tonnes. The collection, 

and storage costs are assumed to be £80, and £25 per 9 

tonnes, respectively [1]. 

Fixed Operating Cost: 

C_b=C_r (S/S_r  )^n   =$110 ((373,000 kW)/(1 kW) 

)^0.6=$242,336.03 

C_a=C_2020=C_2016  I_2020/I_2016 

=$242,336.03(596.2/541.7)=$266,717.26   

The fixed cost of a 373 MWt biomass power plant in 

2016 is $242,336.03. Therefore, the fixed cost of a 373 

MWt biomass power plant in 2020 is $266,717.26 which 

is equivalent to £200,264.65. 

Variable Operating Cost: 

C_b=C_r (S/S_r  )^n   =$4.2 ((373 MW)/(1 MWh) )^0.6 

(8,000 h)=$1,173,179.80 

C_2020=$1,173,179.80(596.2/541.7)=$1,291,212.47   

The variable cost of a 373 MWt biomass power plant 

in 2016 is $1,173,179.80. Therefore, the variable cost of a 

373 MWt biomass power plant in 2020 is $1,291,212.47 

which is equivalent to £969,506.88. 

Biomass Cost: 

Biomass Cost=Collection Cost+Storage 

Cost+Transportation Cost 

Biomass 

Cost=£80/9tonnes+£25/9tonnes+£100/9tonnes 

Biomass 

Cost=(£205/9tonnes)(707,000tonnes)=£27,887,222.22 

Operating Cost: 

Operating Cost=Fixed Cost (inclusive of Biomass 

Cost)+Variable Cost 

Operating 

Cost=(£200,264.65+£27,887,222.22)+£969,506.88=£29,056,

993.75 

Therefore in 2020, the total operating cost of the 373 

MWt biomass power plant is £29.056,993.75. 

REVENUE 

The primary source of revenue is the power plant is 

the energy distributed along power lines. Since the cost 

of electricity per kWh is £0.035 or 0.1842SR which is 

about the average electricity sales price of 0.18SR/kWh 

in Saudi Arabia [7], the total sales revenue for the 373 

MWt power plant with 112 MWe power generation is 

estimated to be £31,360,000 annually. Figure 1 presents 

the flow for the sales revenue computation, where in 

the total amount of energy produced from biomass is 

respective to the mass and heating value of date stone. 

The viable energy for generation as per CGE is about 

80%, which directs the plant capacity. The electrical 

generation efficiency is about 30%, by which when 

converted to the kWh accounts for the electricity 

revenue with respect to the electricity sales price. 

Revenue=(£0.035/kWh)(112,000 kW)(8000 

h)=£31,360,000 

PROJECTED CASH FLOW, NPV, ROI, and PBP 

For the projected cash flow, the discounted cash flow 

analysis is used as basis for the calculation of the net 

present value (NPV), return on investment (ROI), and 

payback period (PBP). The capital cost is approximated 

to be £9,100,000, while the working capital is 15% of the 
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total investment which is approximately £38,150,000. 

Therefore, the working capital is £5,722,550 [4]. 

Provided an inflation rate of 3.44% in Saudia Arabia, 

the dismantling cost of the plant is approximately 

£2,839,200[8]. The obtained values are then used to 

arrive to the cash flow at an average discount rate of 

8%. The completion of the power plant is expected to be 

within 2 years as per general economic considerations 

for biomass power plant [9] [4].  

As presented in the projected cash flow, the net 

present value (NPV) of the biomass power plant in 

Riyadh is £82,887,627.67. NPV represents the 

compounded profit over power plant lifetime [10]. 

Figure 2 shows the projected cash flow of the power 

plant over 20 years of operation, wherein the NPV is a 

function of operating cost and revenue.  

Figure 2. Projected cash flow over 20 years of plant 

operation 

The NPV (as plotted in blue) is expected to increase 

as revenue outweighs the operating cost in the long 

run. This is demonstrated by the considerable 

difference in slope of positive inflow and negative 

inflow, whereby the inflow from revenue (as presented 

by green bars) is greater in magnitude than the outflow 

from operating cost (as presented by orange bars). 

Therefore, indicating the potential of the power plant to 

yield profitable outcomes, by which the accumulated 

NPV over 20 years is 53.97% greater than the total 

investment. 

The return on investment (ROI) is the total return of 

revenue, and is defined by Equation 6 where TPC is the 

total plant cost, CRF is the capital recovery factor as 

defined by Equation 7 with discount rate i and plant 

lifetime y, TVC is the total variable cost, P is the profit, 

and TR is the tax rate [1]. Provided that the tax rate in 

Saudi Arabia is 20% and the CRF of 0.1 as calculated, 

the ROI for the power plant over 20 years of operation 

is shown in Figure 3.  

%ROI=(P x (1-TR))/((TPC x CRF+TVC))  x 100%          

(Eq.6) 

CRF=i/(1-(1+i)^(-y) )=0.08/(1-(1+0.08)^(-20) )=0.1          

(Eq.7) 

Figure 3. ROI over 20 years of power plant operation 

The annualized ROI (as plotted in blue) is expected to 

increase considerably with respect to the magnitude at 

which the investment is reclaimed from annual 

revenue. The revenue (as plotted in gray) increases 

annually, resulting to substantial accumulation of 

profit. Hence, the increasingly high ROI. The ROI 

during the start of operation is 6.15%, which is expected 

to increase from about 3% to 5% with 0.59% increment 

annually. Therefore, iterating the high profitability 

potential of the power plant over 20 years of operation. 
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The payback period (PBP) is the expected time 

elapsed to reclaim the investment. This is defined by 

Equation 8, where Y is the last year with negative 

cumulative NPV, N is the absolute value of the negative 

cumulative NPV, and P is the absolute value of the 

positive NPV [Cardoso et al., 2018]. Plotting the values 

obtained from the projected cash flow, the obtained 

payback period for the biomass power plant in Riyadh 

is 6.83 years.  

PBP=Y+N/P         (Eq.8)  

PBP=5+|-2,733,825.55|/|1,491,780.99| =6.83 years 

 

 

 

 

 

 

 

 

 

 

 Figure 4. Payback period as a function of NPV and 

Cumulative NPV 

Figure 4 presents the net and cumulative cash flows, 

whereby the payback period of 6.83 or about 6 years 

and 10 months is indicated by the intersection. As the 

annualized NPV (as plotted in green) increases steadily, 

the cumulative NPV (as plotted in blue) increases at a 

considerably higher rate due to compounded profit. 

These result to intersecting plots, whereby the point of 

intersection corresponds to the period at which the 

investment is recovered by accumulated annual profit. 

Thereby, further supporting the potential of the power 

plant to yield high profits. 

 Emissions 

Using biomass as an alternative to fossil fuels for 

energy production is a promising prospective towards 

sustainability, and in this study, date stone is used as a 

source of clean energy. However, contrary to its 

reference being clean, the harvesting, transportation, 

and burning of biomass still yield significant amounts 

of carbon dioxide among other emissions. Albeit, the 

values should be considerably lower than the emissions 

from nonrenewable energy sources, particularly fossil 

fuels such as natural gas and coal. 

HARVESTING EMISSIONS 

The harvesting of forest biomass includes the cutting 

operations, whereby the emissions from diesel, oil, and 

grease use are accounted for machine utilities. The total 

emissions factor for harvesting forest biomass is at 17.38 

kg CO2 per tonne [11], which is used to calculate for the 

harvesting emissions of the 707,000 tonnes of date stone 

from date palm trees. As per calculated, the total carbon 

dioxide emissions from harvesting date stone from date 

palm trees is about 12,287.66 tonnes. 

Harvesting Emissions=(707,000 tonnes)((17.38 kg 

CO_2)/tonne)  

Harvesting Emissions=12,287,660 kg CO2 

TRANSPORTATIONEMISSIONS 

The transportation for forest biomass is assumed to be 

trucks, whereby the emissions from fuel use and 

maintenance are accounted for. The total emissions 

factor for transporting forest biomass is at 0.117 kg 

CO2 per tonne per km [11], which is used to calculate 

for the transportation emissions of the 707,000 tonnes 

of date stone over an average distance of 100 km. As 

per calculated, the total carbon dioxide emissions from 

the transportation of date stone is about 1,654.38 

tonnes. 

Transportation Emissions=(707,000 tonnes)(100 

km)((0.117 kg CO_2)/(tonne-km)) 

Transportation Emissions=1,654,380 kg CO_2 

ELECTRIC POWER PRODUCTION EMISSIONS 

 The emissions from electric power production (EP) is 

derived from Equation 2 where ET is the total emissions 
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from combined heat and power production, and EH is 

the emissions attributable to heat production. ET is 

assumed to be 174,000 tonnes per year; while EH is 

calculated from Equation 3 where H is the heat output 

in GJ per year, P is the power output in GJ per year, and 

Reff is the ratio of heat production efficiency (eH) to 

power production efficiency (eP) [12]. In this study, the 

H is 10,726,604 GJ per year while the P is 3,217,981.2 GJ 

per year. These values were obtained using the 

predetermined 80% eH and 30% eP from the potential 

energy of 13,408,255 GJ per year in HHV. The 

calculated carbon dioxide emissions from electric 

power production using date stone as source of energy 

is 77,333.33 tonnes. 

E_P=E_T-E_H          Eq.2 

E_H={H/(H+PxR_eff )}xE_T          Eq.3 

E_H={(10,726,604 GJ/yr)/(10,726,604 GJ/yr+(3,217,981.2 

GJ/yr)(0.80/0.30))}x174,000 tonnes/yr 

E_H=96,666.67 tonnes/yr 

E_P=174,000tonnes/yr-96,666.67 tonnes/yr=77,333.33 

tonnes/yr•  

CARBON DIOXIDE EMISSIONS AND 

INITIATIVES 

The total carbon dioxide emissions of the power plant 

using date stone as clean energy source is 91,275.37 

tonnes per year, which is equivalent to approximately 

0.23 kg CO2 per kWh. This value is significantly lower 

than the 0.400 kg CO2 per kWh and 0.990 kg CO2 per 

kWh that are generated from natural gas and 

coal-fired power plants, respectively [13]. This 

suggests that, indeed, using biomass as energy source 

yields lower emissions.  

However, this is still an enormous amount of carbon 

dioxide into the atmosphere, which can be addressed 

by technologies such as carbon capture/sequestration. 

Carbon capture/sequestration involves the absorption 

of carbon dioxide emissions from power plants 

operations, the transportation of captured CO2, and 

the storage of CO2 which is usually employed through 

sequestration (the underground isolation of CO2). This 

reduces the net carbon dioxide emissions in the 

atmosphere and helps to negate the carbon footprint in 

the energy production sector. At present, a maximum 

of about 90% capture rate is attainable [14],  which 

should further progress the sustainability of biomass 

power plants. 

CONCLUSION 

The biomass power plant using date stone is a 

feasible project, which yields positive net present value 

(NPV), high return on investment (ROI), and short 

payback period (PBP). The positive NPV of 

£82,887,627.67 is indicative of profitability as the annual 

revenue exceeds the expected operating costs. This is 

expected to result from the compounding of profit with 

respect to the increase of annual NPV over 20 years of 

power plant operation. The increasing annualized ROI 

from 6.15% to 72.92% indicates that the rate of 

investment return grows considerably over 20 years of 

operation. This is indicative of high profit returns, 

whose magnitude progresses with increasing revenue. 

A short PBP of 6 years and about 10 months indicates 

that the capital investment is reclaimed at a 

considerable rate, which is suggestive of high 

accumulated profit. This translates to greater capacity 

in paying the cost of the project back, and thus, rapid 

recovery from the investment whereby the benefits are 

expected to grow exponentially thereon. Ultimately, the 

economic potential of the project is feasible, as 

indicated by the highly favorable profitability measures 

- NPV, ROI, and PBP. 

However, aside from the economic indicators as 

presented, the sustainability of the biomass power plant 

also includes social, technical, and environmental 

considerations. The social indicators account for the 

energy demand security, and the promotion of 

community development through employment; while 

the technical indicators iterate the urgency for optimal 

efficiency in clean energy production, whereby 

performance, reliability, and operability must be met. 

The environmental indicators, on the other hand, 

include the concerns surrounding resource depletion 

particularly of water, waste production resulting to 

land and water pollution, renewability implications 

aimed at diminishing fossil fuel use, and emissions 

contributing to atmospheric CO2, SO2, NOx and 

particulate concentrations. And among the most 

pressing environmental issues closely tied to the energy 
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production sector is the release of enormous amounts of 

carbon dioxide, among other emissions. In this regard, 

using biomass as energy source instead of fossil fuels 

proves to be feasible in terms of environmental 

sustainability, whereby 0.23 kg CO2/kWh is expected in 

this study. This is significantly lower than the existing 

emission factors for natural gas and coal-fired power 

plants, which further supports the advantages of using 

biomass in energy production - particularly in the use 

of date stone as a source of clean electrical energy.  

Conclusively, the biomass power plant using date stone 

in Saudi Arabia is a highly feasible project, whereby the 

economic, social, technical, and environmental 

indicators for sustainability are duly met. Among these 

indicators, the high profitability and low emissions of 

the power plant operation are the most promising 

measures. Thereby, iterating the expedient potential of 

the project. 
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