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Introduction: An appropriate energy supply,
whether perpetual or fleeting, is tantamount to the suc-
cess of life in the Universe as we know it. Using the
energetic approach to habitability [1], a new general
astrobiological model concept has been developed
which aims to estimate how much biomass an environ-
ment could provide were it to support life, and how
that microbial community might affect the local chemis-
try.

The current understanding of the environmental pa-
rameters and potential habitability of locations
throughout the Solar System varies substantially from
Earth [e.g. 2] to Mars [e.g. 3, 4] and icy moons [e.g. 5,
6]. Data from space missions in the outer Solar System
is limited and thus models are an important way to as-
sess these extraterrestrial environments.

The Model: A new model concept for assessing the
potential biological productivity of poorly characterised
environments is proposed, in which a collection of or-
ganisms and their local environment are considered as
self-contained objects communicating only via energy
and nutrient exchange. By examining local energetic,
thermodynamic, and chemical properties, the growth of
a given population of organisms can be predicted yield-
ing a first approximation of the levels of biomass which
could be observed.

In qualitative terms the model proceeds as follows.
Only a certain amount of energy from some environ-
ment can be recovered and stored. A portion of this is
then periodically removed to quench some ‘mainte-
nance power’, which encapsulates the energetic cost of
biochemical processes required for proper cellular func-
tion [7]. The remainder of the energy can be used for
growth. However, this can only occur if there is suffi-
cient nutrient uptake from the proposed habitat to build
the relevant structures (e.g. proteins and other biom-
acromolecules). More generally, the model estimates
the habitability of environments by not only assessing
energetic availability, but also whether there is enough
to actually facilitate survival or even growth against
local stresses.

An Example — Enceladus: To demonstrate the
concept, several simulations of methanogens in an En-
celadus’ ocean ‘sample’ have been performed using the
limited data available in the literature for this environ-
ment. Cassini measurements point to the existence of
CH,, CO,, and H, in the subsurface ocean [e.g. 5] — the
ingredients of the methanogenesis metabolism. Howev-
er, predicting the actual oceanic composition of these

species has proven difficult, limiting estimates to many
orders of magnitude with strong dependencies on pH
[5], which is poorly constrained itself, as somewhere
between 8.5-13.5 [6, 8]. By iterating through microbial
parameters such as maintenance, metabolic efficiency
and P uptake, one can predict the final biomass
amounts which a potential environment could sustain
(e.g. Figure 1 overleaf). This picture changes consider-
ably for different local pHs, temperatures and composi-
tions.

Results and Conclusions: In the most thermody-
namically favourable scenario, pH 8.5, the toy model
predicts a maximum possible cell density of approx.
10*-10° cells cm™ and minimum of 0 (e.g. death of all
cells injected). Assuming the former scenario, and a
global temperature of about 273 K, the total biomass in
the ocean could reach approx. 10 kg. This represents
a very slim slice of the potential environment, however,
and in the majority of cases there is simply not enough
energy available for methanogens to grow. The pH in
particular is an important factor in this, adding a signifi-
cant throttle to the energetic availability of methano-
genesis at highly alkaline levels due to its effect on pre-
dicted temperature and composition by current models.

Unless better constrained, at the current level of
understanding there is no definitive answer as to
whether Enceladus’ subsurface ocean could be habita-
ble by taking an energetic approach, simply a small
range of parameters which may be favourable for life.
This provides an interval to keep in mind in future
characterisations of the ocean and identifies pH as a
critical parameter to estimate with greater confidence,
less an entirely new compositional model is proposed.
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Figure 1. Three viewpoints of a map of the final predicted biomass for a pH 8.5 Enceladean subsurface ocean, at two
depths (corresponding to 273 K and 383 K for blue and orange, respectively), varying the rate of Phosphorus uptake,
maintenance power, and ATP yield (denoted by thickness).



