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Introduction: The classification of natural re-
sources on Earth uses a variety of different schema de-
pending on the relevant disciplines (scientific and legal)
[e.g., 1-3]. For example, different terms are used for re-
sources versus reserves and for mineral versus energy
resources (Fig. 1).

Figure 1. Two examples of terrestrial resource and reserve
classification schemes. (a) from the U.S. Bureau of Mines and
U.S. Geological Survey for minerals [1]. (b) from the Society
of Petroleum Engineers for petroleum [2].
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While there is some value in directly applying the
terrestrial classifications to the Moon, there are reasons
to seek simplification. First, the large number of over-
lapping terms can be confusing to lunar scientists and
explorers. A single set of terms for the full panoply of
lunar resources would be clearer and more readily
adopted. Second, much of the terrestrial terminology is
linked to legal and financial concepts that are not (yet)
applicable to the Moon. A simpler scheme acknowl-
edges this absence and may promote simpler and more
consistent future legal language to be adopted for the
Moon.

Proposed Classification: As with most terrestrial
schemes, we propose to consider classification in two
dimensions: (1) confidence in the knowledge about a
deposit and (2) the ability to convert the resource into a
useful commodity (Fig. 2). The UN Framework for
Classification of Resources includes a third dimension:
environmental/socio-economic viability [3]. This di-
mension should not be ignored for the Moon, but such
considerations can be folded into the requirements to
convert a resource into a commodity.

Figure 2. Proposed simplified classification scheme for ge-
neric lunar resources and reserves. Speculative is for re-
sources for which only theoretical or remote observations ex-
ist. Inferred is for resources that have been investigated in
situ, but not at the site in question. Measured indicates that
detailed in situ data exist for the deposit that is to be utilized.
To be a reserve, the resource can be converted into a useful
commodity within the constraints of the mission.
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Knowledge and Confidence

To describe the confidence in our knowledge of a
resource, we use the term “speculative” to mean there
are theoretical and indirect reasons to expect deposits of
the resource in the area, “inferred” to mean the proper-
ties of the deposits in the area are estimated by extrapo-
lating from other well-studied regions, and “measured”
to mean the properties of the deposits have been directly
measured within the area being assessed. We adopt the
concept of a “technically recoverable” resource that is
used in assessments of petroleum resources on Earth. It
was found that it was important to limit consideration of
new technologies to those that are likely to be available
for commercial-scale production in a 30-year timeframe
[4], and we suggest that this translates well to discus-
sions of lunar resources as well. In terms of the widely
used Technical Readiness Levels (TRLs) defined by
NASA, this 30-year timeframe can be translated as
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technologies that are currently at TRL3 or higher (that
is, the concept has been proven to be viable at least in
the laboratory). We use the term “unrecoverable” if we
are unable to find public documentation of technology
to convert the resource into a commodity at TRL3 or
higher.

On Earth, the term “reserve” is limited to the portion
of the resources that can be economically extracted [1].
For the Moon, we currently cannot rely on market forces
to define what is economical. Instead, we propose that
for a deposit to be considered a reserve, the conversion
to a commodity must be achievable within mission con-
straints such as power, mass, volume, schedule, cost,
and risk budgets. Typical space missions do not have
sufficient risk budgets to consider speculative or in-
ferred deposits as reserves. However, there are excep-
tions. For example, an in situ resource utilization
(ISRU) technology demonstration mission may find it
acceptable to go to a site that has only inferred deposits.

Application: The applicability of this simple classi-
fication to a wide variety of lunar resources is demon-
strated by considering some specific energy, mineral,
and water resources.

Table 1. Application of the proposed classification system to
some diverse lunar resources.

Resource Classification

Solar energy | Measured reserve

SHe

Bulk regolith Measured technically recoverable
resource

Regolith Measured technically recoverable

oxygen resource

Bound Inferred technically recoverable re-

H/OH/H20 source

Water ice Speculative unrecoverable resource

Solar energy. This resource is extremely well-under-
stood that can be converted into a useful commodity
(electrical power) with existing technology. Solar en-
ergy is planned to be used by multiple upcoming mis-
sions, including PRIME-1 and VIPER. This makes solar
energy a measured reserve for most lunar missions.

Helium-3. It has been suggested that *He from the
Moon could be used to power fusion reactors. However,
it is unclear that such reactors will be available on a
commercial scale within the next 30 years [5]. There-
fore, it is debatable if *He meets the criteria to be con-
sidered a resource. Furthermore, harvesting *He from
lunar regolith has not been demonstrated, so it would be
an unrecoverable resource. At the same time, Apollo
samples confirm that *He is indeed found disseminated
across the Moon [6], so *He is a measured resource (if
it is a resource).

Regolith. A number of studies demonstrate that lu-
nar regolith could be used to construct useful structures
such as landing pads, roadways, and habitats. Other ex-
periments have demonstrated how oxygen can be ex-
tracted from the regolith. The lunar regolith is effec-
tively a single global deposit, which we have sampled
and measured in many locations [7]. While there are dif-
ferences between the regolith on the mare lavas and the
feldspathic highlands, these are well-understood and
regolith properties can be predicted across the Moon
with high confidence. Within a 30-year timeframe, reg-
olith appears to be a measured technically recoverable
resource for both construction and oxygen.

Hydrogen/hydroxyl/water bound to regolith. There
are also a number of in situ, remote sensing, and sample
analysis studies that show that hydrogen is bound to lu-
nar regolith as various chemical species (especially OH
and H20). However, these studies suggest that the na-
ture and quantity of this bound hydrogen have consider-
able variability, variability that is not yet predictable [8].
Recovery of bound hydrogen-bearing molecules by
heating the regolith has been demonstrated in the labor-
atory [9]. Thus, hydrogen bound to the regolith can be
considered an inferred technically recoverable re-
source.

Ice. There are strong theoretical reasons to expect
ice in cold traps on the Moon and remote sensing data
indirectly supports the presence of water ice. The one
direct measurement from LCROSS seems to confirm
the presence of water in at least one location, but the
formal uncertainties on this detection are considerable
[10]. Given that we do not know the quantity or nature
of the ice, it is not possible to demonstrate recovery
methods. As such, lunar water ice needs to be classified
as a speculative unrecoverable resource. However, the
upcoming NASA VIPER mission will address many of
these issues. It is plausible that ice will be an inferred
recoverable resource in a few years.
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