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Fig. S1. a) Schematic of the elevated temperature system used for full cell tests including 1) temperature 
controller for the reactor stack, 2) reactor stack, and 3) oil bath for electrolyte tanks. Solid lines are for 
carrying electrolyte, dashed lines are for carrying electricity. b) The complete simulation domain for full 
cell simulations with 1) inlet boundaries, 2) symmetry boundaries, 3) membrane domain, and 4) outlet 

boundaries.  
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The laminar, incompressible Brinkman and continuity equations governed the fluid flow through the 
porous electrode are as follows 
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 𝜌𝜌𝜌𝜌 ∙ 𝑢𝑢�⃗ = 𝑄𝑄𝑚𝑚, (2) 
where ρ is the fluid density, ε is the electrode porosity, 𝑢𝑢�⃗  is the velocity vector, t is time, p is the fluid 
pressure, and Qm is a source or sink term [1]. 

Both electrode domains are governed by the electroneutrality condition,  

 �𝑧𝑧𝑖𝑖𝑐𝑐𝑖𝑖 = 0, (3) 

where zi is charge of the i-th ion, and ci is the bulk molar concentration of the i-th species. The flux and 
concentration change of all species in the positive channel were governed by the conservation of mass (4) 
and convection-diffusion (5) equations [2]: 
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where 𝑁𝑁��⃗ i is the flux and Di is the diffusion coefficient of an individual species, F is Faraday’s constant, R is 
the molar gas constant, T was the temperature of the fluid, and 𝜙𝜙𝑒𝑒 was the potential of the electrolyte.  

We modeled the kinetics within the porous electrode using the linearized form of the Butler-Volmer 
equation:  
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where iloc is the local current density, i0 is the exchange current density of the reaction, αa and αc are the 
anodic and cathodic transfer coefficients, and η is the overpotential. 

a) b)  



c)  
Fig. S2. Sensitivity of power curves to a) electrode permeability (Open signifies the fluid flow is modeled 
as an open channel instead of flow through porous media), b) electrochemically active surface area, and 

c) copper species diffusion coefficients. 

a) b)  
Fig. S3. Equilibrium potential of a) positive and b) negative electrode reactions as a function of 

temperature  

 
Fig. S4. Discharge curves at a range of battery operating temperatures 

Table S1: Energy and efficiency results for sub-atmospheric and atmospheric columns at varying 
ammonia concentrations. Column energy values are at temperature where minimum total energy 
occurred.  

Sub-
Atmospheric 

û 
(Wh L-1) 

Etot 
(Wh L-1) 

Eheat 
(Wh L-1) 

ηtot 
(%) 

ηheat 
(%) 

ηtot/carnot 
(%) 

ηheat/carnot 
(%) 

1 M NH3 2.4 118 63.9 2.0 3.7 14.6 27.0 
3 M NH3 7.9 152 77.8 5.2 10.1 37.8 74.0 



5 M NH3 9.5 173 77.9 5.5 12.2 40.1 88.7 
Atmospheric        

1 M NH3 2.4 157 83.4 1.5 2.8 7.3 13.4 
3 M NH3 7.9 180 104 4.4 7.6 21.3 36.7 
5 M NH3 9.5 189 110. 5.0 8.6 24.3 41.7 

 

a) b)  

Fig. S5. Data readout of a) exhaust temperature and b) power output for Solar Turbines Taurus 60 over a 
year of operation 
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