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5. SUMMARY AND CONCLUSIONS 

To minimize the impacts of data center electrical consumption, we studied an integrated solid oxide fuel cell (SOFC) 
and absorption chiller (AC) system. SOFC systems are beginning to permeate the commercial market and promise 
high efficiency energy with great fuel flexibility. Inherently high temperature operation lends SOFC systems to waste 
heat recovery. When implemented to data centers, the most useful form of energy secondary to electricity is cooling 
for the servers. This study investigated the theoretical operation of a 200 kW SOFC producing electricity at different 
fuel utilizations and stack temperatures to characterize the useful heat in the exhaust stream. Fuel utilizations from 0.4 
– 0.7 and stack temperatures of 750 – 900 °C expanded the envelope of operation and demonstrated a positive 
correlation between stack temperature and exhaust temperature but an inverse relationship between fuel utilization 
and exhaust mass flow. Combining the exhaust temperature and mass flow with reference to the waste heat recovery 
temperature, useful heat was found to be anywhere from 80 to 120 kW. 

Based on the parameters of producing an equivalent chilling of 200 kWth and using the useful heat characterization 
from the SOFC model, a triple-effect absorption chiller was selected for investigation. A triple-effect absorption chiller 
model was developed using deterministic methods for assuming the outlet state conditions. The triple effect model 
was then exercised using various high desorber temperatures from 140 – 190 °C. These temperatures correspond to 
different SOFC exhaust temperatures as prescribed by the SOFC model. Secondly the AC model was exercised at 
different chilling temperatures to further explore the implementation of chilling in newer liquid-cooled data centers. 
Higher chilling temperatures led to the AC being able to produce chilling at a COP of between 1.85-2, which coupled 
with the useful heat provided by the SOFC can fully offset the thermal load of the servers. 

Based upon the theoretical results of this study, the synergistic relationship between an SOFC and AC provides 
promising operational results. Further work will be conducted experimentally to investigate the higher temperature 
“off design” operation of absorption chillers and the potential optimization of the two integrated systems. Additionally, 
the economics of installing such a system at a hyperscale data center will be investigated to demonstrate economic 
feasibility. 

NOMENCLATURE 

A area (m2) 
Cp heat capacity (kJ/kg-K) 
ε effectiveness (-) 
h specific enthalpy (kJ/kg) 
j current density (A/cm2) 
m mass flow rate (kg/s) 
n molar flow rate (kmol/s) 
Q heat transfer rate (kW) 
T temperature (°C) 
U bulk heat transfer coefficient (kW/m2-K) 
V voltage (V) 

Subscript 
C cold stream 
Comb combustion 
Des desorber 
Exh exhaust 
Fc fuel cell 
H hot stream 
HX heat exchanger 
i individual component 
Reform reformation 
WHR waste heat recovery 
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