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Introduction

Municipal solid waste (MSW) management is a major environmental and economic
challenge in rapidly urbanizing regions such as Riyadh, Saudi Arabia. Increasing
population, industrialization, and urban development have significantly raised waste
generation rates, placing pressure on existing landfill-based systems.

Life Cycle Costing (LCC) provides a comprehensive framework to evaluate the total cost
of waste management systems over their entire lifecycle, including capital, operational,
maintenance, and end-of-life costs.

This study applies LCC to assess the economic and environmental performance of
current and alternative MSW management scenarios in Riyadh, supporting the transition
toward sustainable and circular waste management systems.

Municipal solid waste (MSW) management is a critical environmental and economic
challenge in rapidly urbanizing cities such as Riyadh, Saudi Arabia. Increasing population
growth and industrialization have significantly increased waste generation, placing
pressure on landfill-based systems. Life Cycle Costing (LCC) provides a comprehensive
framework to evaluate the total cost of waste management systems across their entire
lifecycle.

Materials and Methods

This study applies LCC to evaluate multiple MSW management scenarios in Riyadh. The
analysis includes capital, operational, maintenance, and end-of-life costs over a 20-year
period using a 5% discount rate. Six scenarios (S0-S5) were developed, ranging from
landfill-dominated systems to integrated systems incorporating recycling, waste-to-
energy (WtE), and organic treatment. Economic and environmental data, including waste
generation (~7.5 million tonnes/year), energy recovery, and greenhouse gas (GHG)
emissions, were analyzed.

The LCC methodology was applied to evaluate multiple MSW management scenarios,
considering all cost components including:

e Initial capital costs (infrastructure and equipment)

¢ Operational and maintenance costs



¢ Revenue from energy recovery and recycling

¢ End-of-life and closure costs
A 20-year analysis period with a 5% discount rate was used to calculate the Net Present
Value (NPV) of each scenario.
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Figure 1. Current and five alternative scenarios for MSW management in Riyadh, Saudi Arabia

Six scenarios were developed:
e SO (Baseline): Predominantly landfill with minimal recycling.
e S1-S5: Increasing levels of recycling, waste-to-energy (WtE),
treatment.
Data inputs included waste generation rates (7.5 million tonnes/year), treatment costs,

and organic

landfill levies, and economic parameters such as electricity tariffs and carbon pricing.
Environmental impacts were assessed through greenhouse gas (GHG) emissions and
energy generation potential for each scenario.

Results and Discussion

The baseline scenario (S0) showed the highest landfill dependency and the largest GHG
emissions (~9,509 kt CO,-eqg/year).
Alternative scenarios demonstrated significant improvements:
e S1&8S2: High WtE integration reduced emissions and increased energy recovery.
e S3and S4: Balanced recycling and organic treatment lowered landfill use.
¢ S5: Achieved near-zero landfill disposal with 81% recycling and 19% W1E.
Economic analysis indicated that although advanced scenarios require higher initial
investment, they generate long-term benefits through: reduced landfill costs, revenue



from electricity generation, material recovery (e.g., plastics recycling), and lower carbon
costs

Scenario S3-S5 showed the most favourable balance between cost and environmental
performance, highlighting the economic viability of circular waste management
strategies.

The baseline scenario (S0) shows high landfill dependency and significant emissions
(~9,509 kt CO,-eq/year). Alternative scenarios demonstrate improved performance,
particularly S3-S5, which reduce landfilluse and increase recycling and energy recovery.
Scenario S5 achieves near-zero landfill disposal, with 81% recycling and 19% W1E.
Although advanced systems require higher initial investment, they provide long-term
economic benefits through reduced landfill costs, energy generation, and material
recovery.

Table 1. Annual income from selling generated electricity, recycled plastic and carbon credits, and costs from landfill

levy.

Economic Factors Unit Bsc S1 S2 S3 S4 S5
Generated electricity (mSAR/year) 2.707 53.43 4542 28.05 9.36 10.14
Recycled plastic (mSAR/year) -22.5 -22.5 -45 -189 -121  -364.5
Landfill levy (mSAR/year) -818.4 -17.25 -8.63  -77.63 -51.75 0
Carbon price (mSAR/year) 356.62  -117.48 -102.2  -17.1  -2937 -28.6
Landfill gate fee (mSAR/year) 819.39 17.25 8.63 77.63  51.75 0
Recycle gate fee (mSAR/year) 45 45 90 378 243 729
AD gate fees (mSAR/year) 0 73.13 118.13  236.25 298.13 0
Incineration gate fees (mSAR/year) 0 324 275 28.35 56.7  76.95
Total cost and benefit (mSAR/year) 380.11 302.15 335.94 464.55 456.82 422.95

Conclusions

The study demonstrates that transitioning from landfill-dominated systems to integrated
waste management approaches significantly improves both economic and
environmental outcomes.

LCC analysis confirms thatrecycling, waste-to-energy, and organic treatment canreduce
lifecycle costs and emissions while generating additional revenue streams.
Implementing such strategies in Riyadh aligns with national sustainability goals and
supports the development of a circular economy. However, challenges remain, including
data availability, infrastructure investment, and public participation in waste segregation.
Overall, LCC is a valuable decision-support tool for optimizing MSW management
systems and guiding sustainable policy development.
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