
3. Effects of LAES charging pressure, discharging
pressure and capacity on the LAES-NH3 system

 LAES charging pressure:

• The LAES-NH3 system is working in mode (a), (b) and (c),
respectively, when the LAES charging pressure is less than,
equal to and higher than 110 bar.

• The overall ammonia synthesis cost of the LAES-NH3 system
has a minimum value when it is working in mode (b).

Fig. 3 The effect of charging pressure on (a) the operation time of the 
LAES and ASU  and  (b) the overall ammonia synthesis cost 

 LAES discharging pressure:

• When the discharging pressure is lower than 100 bar, the ASU
could stop working at peak times, suggesting that the LAES-
NH3 system works in mode (b) or (c).

• The minimum overall ammonia synthesis cost occurs at the
discharging pressure of 100 bar, at which the operation mode of
the LAES-NH3 system is the nearest to mode (b).

Fig. 4 The effect of discharging pressure on (a) the operation time of 
the LAES and ASU  and  (b) the overall ammonia synthesis cost 

 LAES capacity:

• The best economic benefit occurs at the capacity of 38 MWh,
with the shortest payback period of 13.65 years. In contrast, a
38 MWh stand-alone LAES power plant has a payback period of
23.58 years.
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1. Introduction
Liquid air energy storage (LAES) is one of the most potential
large-scale energy storage technologies for balancing power
network, which could use liquid nitrogen or air as the storage
medium.
Ammonia Synthesis: Currently, ammonia is the second most-
produced industrial chemical. Nitrogen is one of the most essential
raw materials for ammonia synthesis, which is widely produced
through Air Separation Unit (ASU). The air separation process is
highly energy-intense and needs to work at both peak times and off-
peak times to meet the nitrogen requirement of ammonia synthesis.
LAES-NH3 system: LAES system could be integrated with an
ammonia synthesis system through nitrogen flow to shift the
working time of ASU from the whole day to off-peak time only,
saving the operation cost of the ammonia synthesis system.
Furthermore, this is also a promising method to convert a medium-
term energy storage (liquid nitrogen in LAES) to long term energy
strategic reserve (ambient temperature liquid ammonia).

Fig. 1 The basic working principle for the LAES-NH3 system

2. Operation modes of the LAES-NH3 system
There are three basic operation modes as shown in Fig. 2, which
are sorted by the matching degree between the nitrogen output of
the LAES discharging process and the nitrogen demand of the
ammonia synthesis system:
Mode(a): nitrogen discharged from LAES<nitrogen consumption of
NH3 system
Mode(b): nitrogen discharged from LAES=nitrogen consumption of
NH3 system
Mode(c): nitrogen discharged from LAES>nitrogen consumption of
NH3 system
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Fig. 2 Three operation modes of the LAES-NH3 system
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4. Conclusions
The integration of the LAES system with the ammonia synthesis system via the flow of nitrogen is proposed. This integrated LAES-NH3 system has no
requirement to change the configuration of the existing ammonia production plant. Working mode (b) is the best option to this LAES-NH3 system, which
could achieve the highest operation cost saving for the ammonia synthesis process, and the shortest payback period for the LAES system, making the
small-scale LAES system as economically competitive as other energy storage technology.

Fig. 5 The effect of the LAES capacity on the economic benefits


