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for irrigation in commercial-scale plantations (2 ha) in Mahdasht, Karaj, Iran. The economic
Received: May. 12, 2026 and environmental performance of three fast-growing species—Populus spp., Eucalyptus spp.,

. and Paulownia spp.—was evaluated. Economic viability was determined using Net Present
Revised: June. 7 2026 Value (NPV), Internal Rate of Return (IRR), and Benefit—Cost Ratio (BCR), alongside

Article history:

Accepted: June. 28, 2026 sensitivity analyses. Our findings indicate significant inter-species variations in financial
. - performance. Paulownia demonstrated the highest economic potential (NPV: 2.48 billion
Published online: Sep. 2026 Tomans; IRR: 28.8%; BCR: 1.56), followed by Eucalyptus and Populus. Sensitivity analysis

identified timber market price as the primary driver of long-term profitability; notably, Populus
showed higher vulnerability to land-cost fluctuations, while Eucalyptus was sensitive to

Keywords: irrigation expenditures. Crucially, this study demonstrates that reliance solely on financial
Net Present Value (NPV), metrics is insufficient for species selection. While Paulownia offered superior returns, it entails
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EXTENDED ABSTRACT

Introduction

Following the implementation of Iran’s forest harvesting restrictions and the decline in industrial timber
imports, a considerable gap has emerged between domestic timber demand and supply. Fast-growing
plantations irrigated with treated municipal wastewater offer a promising solution by providing sustainable
raw materials while reducing pressure on natural forests. However, wastewater irrigation may also pose
environmental risks such as soil salinity and degradation, requiring integrated evaluation of economic and
environmental performance. Therefore, this study compared Paulownia spp., Eucalyptus spp., and Populus
spp. cultivated under treated wastewater irrigation in Mahdasht, Karaj, using Net Present Value (NPV),
Internal Rate of Return (IRR), Benefit—Cost Ratio (BCR), and an Environmental Sustainability Index (ESI) to
identify the most suitable species.

Materials and Methods

The study was conducted in the Mahdasht Plain (Karaj, Iran). Economic feasibility was assessed using a
discounted cash flow approach with a 15% discount rate by calculating NPV, IRR, and BCR based on
establishment, irrigation, maintenance, harvesting, transportation costs, and timber revenues. Wastewater
quality was evaluated according to FAO and WHO guidelines. One-way sensitivity analysis was performed
by varying land, wastewater, seedling costs, and timber prices by +10-30%. Additional scenarios examined
plantation distances of 3, 7, and 10 km from the wastewater treatment plant. Environmental sustainability was
evaluated using a composite ESI based on water requirement, wastewater compatibility, soil impacts,
ecological risk, and legal compliance.

Results and Discussion

Paulownia showed the highest economic performance, with the greatest NPV (2.48 billion tomans), IRR
(28.8%), and BCR (1.56), followed by Eucalyptus and Populus. Sensitivity analysis identified timber selling
price as the most influential factor affecting profitability, whereas Eucalyptus was particularly sensitive to
irrigation costs and Populus to land costs. Increasing transportation distance reduced profitability for all
species, although Paulownia remained economically viable even at 10 km.

Environmental assessment produced a different ranking. Populus achieved the highest ESI (8.4/10)
because of its lower ecological risk, moderate water demand, and compliance with conservation policies.
Eucalyptus showed moderate environmental performance (6.4/10), whereas Paulownia obtained the lowest
score (4.4/10) despite its superior economic returns. These findings demonstrate that economic profitability
does not necessarily correspond to environmental sustainability.

Discussion and Conclusion

Paulownia was identified as the most profitable species for wastewater-irrigated plantations, while
Populus provided the highest environmental sustainability and the lowest ecological risk. Eucalyptus
represented a balanced alternative with acceptable economic and environmental performance. Overall, species
selection should be based on an integrated assessment of economic, environmental, operational, and regulatory
criteria rather than financial indicators alone. Such a multi-criteria approach can support sustainable plantation
development and efficient wastewater utilization in water-scarce regions.
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