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1. Living Ground: Bubbling mud pots, hot springs,
and steaming fumaroles indicate geothermal
activity in Namafjall, Krafla, north Iceland in the
Myvatn region.
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Abstract ...

Energy is the basis of life and the fuel for modern civilization. The energy
industry is reconsidered by uncovering where operations can overlap and
hybridize with other infrastructures, economies, and ecologies. Energy
Afterlife explores the reutilization of geothermal effluent from Reykjanes
Geothermal Power Plant in southwest Iceland. Reusing its residual energy
creates a post-production, spin-off process that yields a new landscape
formed by thermal principles and the compression and extension of its
temperature gradient. Algae cultivation and production, revegetation
strategies, and temperature’s experiential qualities are interwoven
to form a thermal resource park. Heat is reexamined as an invisible,
phenomenological design material, which can be captured, contained,
and released through conduction, convection, and radiation properties
and techniques inherent in particular materials and forms.
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Energetic Landscape: Pipelines transporting geothermal
water from in situ boreholes to the Hellisheidi Geothermal
Power Plant in Hengill, an active volcanic ridge in
southwest Iceland.

Reykjanes Geothermal Power Plant: Existing thermal
flows with overlaid thermal gradient framework of the
project.
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Energy is the medium that feeds human
activity and its constructs on the landscape:
an essential source for sustaining production
and economy. Evidence of human energy use
is reconstituted and reassembled as physical
insertions in the landscape. Unique from any
other energy source we use, it is a renewable
resource and spatial material whose processes
occur below ground and on the Earth’s
surface, manifesting as thermal phenomena
on the landscape (Fig. 1). However, the
current technologies and approaches used
to develop geothermal energy are borrowed
from the outdated and single-streamed
mentality of fossil-fuel production: drilling
extraction wells, pumping the energy source
to a processing plant, distributing it through a
network of pipes and transmission lines, and
discarding waste products (Fig. 2). There is
an overwhelming potential to reconsider the
capacity of geothermal energy by strategizing
the reuse of residual energy in the system.
Energy Afterlife proposes an alternative
methodology for using geothermal energy by
exploiting the thermal gradient, decentralizing
the network of energy use, and seizing every
opportunity for programming across multiple
temperature scales — thereby moving
towards a visible hybridization of industrial,
ecological, and cultural processes.

Iceland’s austere land is gradually and
continuously being reshaped by the landscape
of embedded energy. Situated in the North
Atlantic, it is completely engulfed by
geothermal resources. Iceland is the highest
per-capita global producer of geothermal
power. Iceland fulfills 25% of its energy
consumption with geothermal energy,
providing 4 terawatt-hours of electricity and
95% of the island’s heat and hot water needs. It
has the world’s most advanced technologies for
extracting, producing, and utilizing this energy
source , and Icelandic economy and culture are

intrinsically tied to geothermal energy.
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Despite recent technological advances,
the full life cycle of this energy has yet to
be entirely imagined. The investigation in
Iceland revealed that human activity utilizes
geothermal energy across a temperature scale.
Residual thermal energies from different uses
have the potential to be repurposed. Energy
Afterlife seeks to unlock the potential of
neglected geothermal effluent from Iceland’s
newest power plant. By retooling the system,
a geothermal gradient can be choreographed
between multiple programs: a strategy for
cascading leftover energy from one use to
productive functions for another.

The Reykjanes Geothermal Power Plant,
opened in 2006, produces more effluent,
sending steaming water into the frigid ocean
with unknown repercussions. The power

plant’s 15 boreholes access and withdraw
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300°C thermal brine from 1.6 ~ 3km below
grade.This critically hot water is piped to the
plant, passing through steam separators, which
extract water and minerals from steam. It goes
to two SOMW turbines, producing 100MWh
of electricity for the aluminum company
Nordural in Hvalfirdi. Thermal brine effluent
is 190°C after the purification process, and is
piped to a cooler where it is mixed with 8°C
sea water to reduce its temperature before
disposal. At 57°C, the effluent is sent down
an 800m long concrete culvert. Released to
the Atlantic Ocean at a rate of 4,000 liters per
second (Fig. 3). This hot water will no longer
be discarded into sea and away from the
production process, its temperature gradient
is used as a thermal device in the landscape to
create micro-habitats, climates, ecologies, and

economies.
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Heat Transfer Utilization — Capture, Contain, Release
with Radiation, Conduction, Convection: Three types
of conduit systems were designed to establish micro-
climates of heated ground, heated air that condenses
and produces moist, humid environments, or a hybridized
condition of both.

Thermal Worlds, Water Temperatures, and Heat
Transfer Flows: Fourteen Thermal Worlds define a
framework of the multitude of ways temperature can
be manipulated and experienced. As a site approach,
each microenvironment is defined as a specific thermal
process within the larger design scheme.
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Energy Afterlife explores temperature as an
invisible, phenomenological design material
in the landscape by exploiting basic thermal
principles. Heat is captured, contained, and
released through conduction, convection, and
radiation properties and techniques inherent
in particular materials and forms. The process
of “capture” and “release” both have micro-
gradients within them as the transition is
occurring, while moments of “contain” become
more thermally homogeneous. These concepts
are highlighted in the conduit system designed
to transport the effluent across the site (Fig. 4).

The variable uses of thermal gradients
in relationship to multiple programs are
manifested as Thermal Worlds (Fig. 5),
assigning meaning to temperature. Within
the Thermal Worlds, three programs
intersect to create thermal friction: algae
cultivation for biofuels, nutrition, food,
and feed; a botanical garden and research
area for geothermal ecology; and a thermal
resource park to act as an educational and
cultural destination, presenting the rare
opportunity of encountering temperature’s

experiential qualities. Salty pools, steam
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baths, and saunas are paired with thermally
associated communities of algae, flora, and
fauna, fueled by one another’s transferred
heat energy. To engage with programming,
the placement of enclosures, landforms, and
plantings maximizes or minimizes solar and
wind exposure, creating additional climatic
fluctuations. This thermal exploitation
provides the necessary temperature for
a given program at a particular moment
in time along the armature of the project.
Physical boundaries are used to transform
the temperature gradient, while thermal
boundaries are used to define programs,
ecologies, and experiences.

Ecological gradients of aquatic algae
and terrestrial vegetation occur naturally in
geothermal manifestations. Each species is
characterized by a different hue — a gradient
of greens to blue-greens and few red to
purple tones. The registration of temperature
becomes visible in the various algal
communities present in different cultivation
waters. The presence of these programs, their
color palettes, textures, and temperatures,

become indicators of thermal gradients
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feeding a productive landscape (Fig. 6).
Energy Afterlife manifests opportunities
to choreograph the thermal gradient. They
are highlighted in two particular Thermal
Worlds: Extreme Heat and Extreme Algae.
Extreme Heat creates a territory whose heat is
experienced from a distance, through radiation
and conduction. Heat in the form of radiation
is captured and transferred with the use of
materials. For example, metallic insertions are
cantilevered over the hot water, releasing heat
into the soil, and containing it to form micro-
ecologies. Stilted structures hover over the
steaming water, capturing the heat formed by
conduction (Fig. 7). Their aggregation along
the moving, cooling water creates sauna-
like environments to experience fluctuating
temperature gradients. Extreme Algae takes
on an opposite character: it is a world whose
temperatures, which are optimal for all
programs to occur, are stretched and retained
across a large swath of land. Landforms are
used to contain heat and maintain relatively
consistent temperatures in lower areas,
protecting algae from extreme thermal

fluctuation. Human pools reside in higher
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areas to experience external thermal forces
interacting with those within the project (Fig.
8). Pathways between thermal worlds exist
in three forms of “capture”, “contain”, and
“release”. They create different microclimates
contrasting in moisture and temperature, but
maintain a consistently heated path (Fig.
9). Various heat manipulations create large
temperature gaps, allowing the differences
between temperatures to be experienced in
direct relationship to the last thermal encounter.

An energy life cycle is established by
exploring how heat transfer and exchange
form different correlations between human
and non-human living systems, programs, and
ecologies. Extreme environments encourage
visitors to be conscious of their bodies as
instruments for perceiving individual thermal
limits. Thermal mechanisms as physical
insertions manipulate the gradient across
the landscape. Temperature thresholds, in
turn, provide the basis for the orchestration
of programs. This interchange is viewed
as a system within individual Thermal

Worlds. Concretizing temperature-based

codependencies yields a new cultural

Landscape Architecture Frontiers

landscape established by thermal interactions.

Water is an element essential to Icelanders’
cultural identity. In Energy Afterlife,
the material of geothermal water is both
medium and subject, in all of its states and
temperatures. It engages the senses and invites
visitors to consider its thermal gradient: its
effects, its texture, and the way it generates a
natural process of making and a new cultural
process of gathering, transporting, and
arranging the heated material. It encourages
the visitors not only to see the site, but
to experience and understand its logic as
a thermal regression and heightening of
its experiential and productive qualities.
Geothermal saline environments are very
rare, and opportunities to experience them
through research, education, and recreation
are limited. Therefore, the project creates
a new destination with the site’s unique
characteristics. A landscape of Energy
Afterlife is formed: rather than disposing
effluent waste, it is reused and repurposed,
becoming a value-added benefit from a
residual geothermal energy production

process. LAF
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Geothermal Environments and Plant Communities: A
wide range of geothermal environments and their plant
communities exist in Iceland, including hot springs with
hard grass bottoms, with damp grounds, those that are
alkaline, fumaroles and sulfur springs.

Extreme Algae Programmatic Framework and Thermal
Overlaps: Topography is used to shelter algae ponds.
Human pools are situated in higher areas for exposure
and views. The conduit system is overlapped by human
circulation, creating heated paths and microenvironments
for humans and non-humans.

Extreme Algae Juxtaposition: The view presents
juxtaposition between industry, the power plant, ecology,
culture and recreation. A visual connection is retained
to the geothermal energy source throughout the project,
highlighting opportunities and potentials that exist from
the byproduct.

Extreme Heat Thermal and Atmospheric Encounters: The
view and model capture various conditions and methods
for how heat from the effluent is contained to create
environments where this post-industrial process melds
with ecology and culture. Visual connections are made
between the programs, registering thermal differences.
Extreme Algae becomes a venue for experiencing
methods in which heat can be contained and more
closely experienced.
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