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Given any heat flow across a temperature difference, it is possible to construct an engine 
that extracts work from this flow. The sun, being our primary heat source, supplies a 
radiative heat flux that sustains both the ambient temperature and the biochemical 
processes on earth. A significant fraction of the literature on renewable energy 
conversion has focused on the fundamental limit of harvesting the heat flow from the sun 
to the earth.  
 
On the other hand, in order for the earth to maintain its temperature, it must also radiate a 
heat flux that is approximately equal to the incoming heat flux from the sun. The heat 
flow from the earth to the outer space can also be utilized towards renewable energy 
harvesting. In recent years, there has been an increasing interest in utilizing outgoing 
radiative flux for renewable energy applications. Much progress has been made in 
radiative cooling, which seeks to lower the temperature of an object to below the ambient 
air temperature passively by radiating heat away to the outer space [1]. With radiative 
cooling achieved, it is possible to arrange for a heat engine to operate between the 
ambient and such a cooled object to extract work. Thus, motivated by the experimental 
developments of radiative cooling, there have been several theoretical analyses on the 
amount of work that can in principle be extracted from outgoing radiative flux. 
 
In this talk, we provide a discussion of the fundamental thermodynamic limits on the 
amount of energy that can be harvested from outgoing radiative flux [2]. We show that 
the ultimate limit can be derived in a fashion analogous to the derivation of the 
Landsberg limit in solar energy conversion. This ultimate limit results in a power density 
of extractable work of 153.1 W/m2, which far exceeds what was previously thought to be 
possible for harvesting outgoing thermal radiation. In deriving these limits, we also note 
an interesting duality relation between harvesting solar and outgoing radiation. As a 
result of this duality, every major fundamental limit in the positive illumination case for 
harvesting incoming solar radiation has a corresponding limit in the negative illumination 
case for harvesting outgoing thermal radiation. Our work highlights the important 
potential for harvesting outgoing thermal radiation for renewable energy applications. 
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