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Abstract

This study investigated the environmental impact and discussed the economic aspects of
substituting synthetic urea (S1) with nitrogen-fixing Nostoc sp. in two agricultural systems:
slow-release fertilization (S2) and external nutrient extraction in the form of biogas digestate
(S3), which allows for more efficient use of nutrients by plants. The carbon dioxide (CO,)
sequestration rate was determined experimentally, while actual outdoor productivity data were
obtained from the literature and analyzed for uncertainty. The results showed that replacing one
ton of traditional synthetic urea with microalgae-based alternatives (S2 and S3) significantly
mitigated global warming potential from 5.4 to 2.3 tons CO;-eq in S2 and achieved net carbon
sequestration of - 1.1 tons CO;-eq in S3 when using biogas in anthropogenic activities.
Furthermore, S2 and S3 mitigated the impact of human noncarcinogenic toxicity by 51.0 % and
48.1 %, respectively. However, these alternatives consumed higher water amounts and increased
land use significantly. The current cost of equivalent microalgal biomass production is
approximately five times higher than the price of urea. Therefore, substituting chemical fertilizer
of urea with a natural alternative based on N-fixing Nostoc sp. is not economically feasible at

present, despite its positive environmental benefits

Sobhi, M., Zakaria, E., Elsamahy, T., Zhu, F., Gaballah, M. S., Gaballah, E. S., ... & Huo, S.
(2025). Environmental and economic assessment of nitrogen-fixing Nostoc sp. as a sustainable

alternative to synthetic urea fertilization. Process Safety and Environmental Protection, 196,
106917. https://doi.org/10.1016/j.psep.2025.106917




Process Safety and Environmental Protection 196 (2025) 106917

Contents s avallble at ScienceDirect N
Process Safety and Environmental Protection e
FISEVIER — journal homepage: www joumals.slsevier.com/p fety-snd-environmental-protect o

Environmental and economic assessment of nitrogen-fixing Nostoc sp. as a %
sustainable alternative to synthetic urea fertilization

Mostafa Sobhi “**', Eman Zakaria>“', Tamer Elsamahy “, Feifei Zhu°,
Mohamed S. Gaballah “®, Eid S. Gaballah ', Xinjuan Hu", Yi Cui”,

Shuhao Huo ™’

* Scheu! of Fend and Bukepicsl Enpineeriny, Juspy ty, Zhenjieng 212013, China

* Agncunral and Bosysers Engi Faculty of Agr ty, Alexandria 21545, Epye
'wqmm.l-pu-q.m:wua-

* Biofucls Inssioute, Schol of the and Safety Empnaring M ty, Zhenjiang 212013, China

‘e Engineering Department, Focully of Agricunure, Fayour University, Fuyeum 63514, Egrpe

ARTICLE INFO ABSTRACT
Keywerds: This study igated the I impact and di d the aspects of sub g synth
Natrogen fiastion wrea (S1) with nitrogen-fiving Nostoc sp. in two agricultural slow-release ferul (S2) and |
Nitrogenfising sicrosigee mmunmdwmmxnﬁmumaumdwnm
Gt shemasbons The carbon diaxide (CO;) seq rate was & lly, while actual outdoor productivity
Bavi '“_'_' data were ob d from the M and analyzed for mmwmmnmmd
Nesoc 3p ditional synthetic urea with algac-based alt (su-ds:l),‘ by d global
potential fram 5.4 to 2.3 1ons CO, . in S2 and achieved net carbon seq: d-l.lm-m,qhsawhu
using blogas in anth rth $2 and S3 gated the Impact of human non-
carcinogenic taxicity by 51.0% and 48.1%, resp ly these als d higher water
amounts and increased land use significantly. ‘nlemmmd igal b . Is
approximately five times higher than the price of urea. Theref chemical fertilizer of urea with a
mmummm—npumwwnmmmm
environmental benefits.
1. Introduction Change Service)), 2023), Climate change phenomenon threatens human
life in the 21st century, where the average temperature of the Earth was
Haber-Bosch p is one of the gr chi of the 20th recorded for the first time at 17.08°C on July 7th, 2023, which tempo-
cuwylhxnpnﬁﬂﬂlymbmmtheglohdwmbodnd rarily exceeded the 1.5 °C limit of global ing. It raised
feed production and global populati M(Ruuwcnhoru about the habitability of our planet in the future. This limit was estab.
et al, 2021). Currently nitrogen fertilizers originated from the lished in the Paris Agr and app d by 195 ies at the
Haber-Bosch p it 80 % of the nitrogen in animal protei Climate Change Coaference in December 2015. The Paris Climate
(.\'asnmcnxoﬂal ‘019).lhwevunumoqlhewbnr* ical A also ded i diate actions to mitigate global
that ibute to CO, emi nednd wmg-ndh&pnbdmvl.s’C(H() 2019).
ethyh!(\p;lohnm.md Pellegrini, ’0‘}).[( Ty ies have started efforts to reduce the
lzﬁdwwmummmumdoo, momemqumedIhm
that contributes significantly to global ing. As reported by of synthetic fertilizers. China developed its Action Plan for

Copernicus Climate Change Service (CCCS (COCS (Copernicus Climate Zao Growth of Fertilizer Use. China aimed to avoid the expansion of

* Corresponding author.
E-madl addresss huoiiujs.edu.cn (S Hoo)
! Mastafa Sobhi and Eman Zakaria contributed equally to this work.

https://dol.org/10.1016/). psep. 2025. 106917

Received 9 October 2024; Recelved in revised form 25 January 2025; Accepted 13 Febeuary 2025

Avaflable online 13 February 2025

0957.5820/0 2025 of Ch l Eng/ Published by Elsevier Ltd. All rights are reserved, indluding those for text and data mining, Al training, and
similar technologies.




