Accepted Manuscript [
P P Cleaner

ction

Optimal renewable production of ammonia from water and air

Antonio Sanchez, Mariano Martin

PII: S0959-6526(17)33273-0
DOI: 10.1016/j.jclepro.2017.12.279
Reference: JCLP 11674

To appearin:  Journal of Cleaner Production

Received Date: 18 October 2017
Revised Date: 28 November 2017
Accepted Date: 31 December 2017

Please cite this article as: Sanchez A, Martin M, Optimal renewable production of ammonia from water
and air, Journal of Cleaner Production (2018), doi: 10.1016/j.jclepro.2017.12.279.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.jclepro.2017.12.279

9002

Optimal renewable production of ammonia
from water and air

Antonio Sanchez, Mariano Martin'
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Abstract

In this work a production facility of ammonia has been evaluated using air and water as raw materials.
Nitrogen is obtained from air separation using a Linde’s double column. Hydrogen is produced from water
splitting. Next, hydrogen and oxygen are purified to remove water and traces of chemicals. Finally, ammonia is
synthesized in a three bed packed reactor. Two cooling designs were considered, indirect and direct cooling.
The ammonia is recovered by condensation using the cold air. Power for compression and electrolysis is
obtained from renewable sources either solar, photovoltaic, or wind energy. The process is simulated
developing surrogate models for each of the units involved with special attention to the electrolyzer, Linde’s
column, synthesis reactor and ammonia recovery. In particular, the multibed reactor is modeled rigorously off
line to validate the conversions and its operation. The full process is formulated as an MINLP problem. Solar
energy and indirect cooling are selected for the production of ammonia. However, the high cost of panels
results in high investment capital, over 1500M€, but promising production cost of ammonia, 1.35€/kg.
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