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A B S TR ACT
Lithopic House is the demonstration of a computational design workflow that intends to contribute 
to a biotechnological design approach enabled by disruptive in situ manufacturing technologies. 
The study expands on the first author’s ongoing research into the additive manufacturing tech-
nology of binder-jetting—through the concomitant employment of construction waste and locally 
sourced granular soil materials—to propose a cradle-to-cradle design fabrication framework for 
a localized ecological construction of postindustrial sites. The focus of this research is on the 
procedural formation of architectural components relative to source material characterization, 
de-volumization strategies, and self-sustaining biomass integration, as primary inspiration for 
design speculation and prototyping. Lithopic House design studies serve as a series of work-
flow examples employing sand printing technology for early prototyping and a custom image 
synthesis interface based upon a generative deep learning model, to identify productive ecolog-
ical features for component sculpting and surface figuration. Proposing an inter-scalar approach 
to developing an architectural project that is tightly coupled with landscape transformation and 
future potential soil remediation, this research interest aims to evaluate design limitations for 
architecture shaped by, and constructed from, local construction waste and soils. The mate-
rial flow framework is rooted in a socio-ecological approach to collective living that intends to 
forge postindustrial urban resilience while proposing to remediate soil toxicity as a part of the 
architectural life cycle. This design study demonstrates a multi-platform computational design 
investigation aiming to address site specific socio-ecological issues while connecting cradle-to-
cradle manufacturing of architectural form that facilitates biomass production.
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DES IGN FR A M E WOR K
“The major problems in the world are the result  
of the difference between how nature works  
and the way people think.“ — Gregory Bateson

The ambition of this design study, executed within an architec-
tural design studio framework, is to examine architecture that 
probes embodied energy as a primary inspiration for matter 
formation. The goal is to resituate design within a hyperlocal 
framework of material resources / life cycle that positions 
architecture as a vehicle for ecological and communal 
restoration (Figure 2). Promoting a shift away from purely 
data-driven rationales, the desire is to engage in design that 
is framed by environmental ethics and sensory subjectivities 
as part of our collective aesthetic and ecological experi-
ence. Environmental aesthetics and aesthetics of nature are 
branches of philosophy that study appreciation of the ‘world 
at large’ as it is constituted—not simply by specific objects, 
but by holistic environments. Environmental empathy is 
rooted in the concepts of ‘otherness’ and ‘difference.’ Design 
grounded in environmental empathy leads to more diverse 
paradigms in the redistribution of resources, novel forms of 
co-shared domesticity, and social equity within collective 
urban space, while being closely entangled within its ecolog-
ical functions. In this study, visualizing and understanding a 
larger set of multidimensional relationships within the design 
process intends to enable a projective design imagination 
that is tightly linked to the creation of biosynthetic and natural 
multispecies environments.

Faced with rapid urbanization and population growth, 
improving resource efficiency of the built environment has a 
significant impact on the global ecological outlook. Concrete 
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remains environmentally attractive on a per-mass / unit-
volume basis since the carbon dioxide (CO2) emissions of 
concrete is lower than other commonly employed archi-
tectural materials (Reilly and Kinnane 2019). The negative 
environmental impact is not from a high embodied energy or 
CO2 footprint per unit of concrete production, but is attributed 
to the large volume of concrete that is used worldwide. 
Consequently, to reduce this impact, we need to reduce the 
volume of virgin concrete together with offsetting the impact 
of current construction waste streams that contribute to 
industrial landfills. This project evaluates a design procedure 
to advance the implementation of the shape-factor in design 
relative to component strength and material composition, 
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and to mitigate embodied carbon in design and construction 
by expanding on sand-printing technology and customized 
non-cementitious material mixtures.

Rather than relying on conventional simulation feedback, this 
study explores simulation combined with texture modeling 
techniques employing Generative Adversarial Networks (GAN) 
in a custom design interface (Figure 3). This approach utilizes 
voxel-based structural analysis feedback to reduce the volume 
of material employed, thus reducing the architecture’s ecolog-
ical footprint. Modeling techniques in this studio are founded 
in a rejection of reductionist modes of representation, incor-
porating drawing and data harvesting/mapping methodologies 
from cartography and landscape descriptions, and thus moving 
toward an evidence-based, data-rich design framework that 
embraces ecological restoration.

S IT UATED S H A PING
The Lithopic House design framework operates across 
scales, acclimatized within the vertical topography of 
Pittsburgh’s neighborhood (Hazelwood), which is prone to 
frequent landslides. Along with shifting and contaminated 
soils, Hazelwood’s primary inhabitants belong to an ethni-
cally diverse, underserved, and economically vulnerable 
demographic, living within food desert territory. This design 
study aims to develop inter-scalar connections between 
households and landscape stabilization, while concomi-
tantly linking the design of architectural component systems 

to novel aesthetics, relative to de-massed structural logic, 
biomass retention, food production, component assembly 
and disassembly, and circular reuse. The process of uncov-
ering the site’s history of pollution patterns, which are deeply 
rooted in its current environmental conditions, intends to 
situate the health concerns of the community. Ecology acts 
across boundaries imposed by social and political systems. 
Historically, large-scale ecological patterns have been disre-
garded within the practice of architecture and urban planning. 
Modernist design thinking—as inherited from the era of 
industrialization—has been largely co-opted by ideologies 
of capital that organize social systems according to polit-
ical and economic engineering rather than equitable access 
to resources. Mapping soil contamination relative to land-
slides, together with illustrating underground conditions of 
soil quality relative to slopes, runoff, and combined sewage 
outflows, helps to situate the connectedness of ecological 
design with a specificity of a place (Figure 4).

S IT UATED CIRC U L A RIT Y
These design case studies rely on up-scaling sand 3D-printing 
technology centered on structural optimization, while also 
focusing on de-volumizing the assembly and disassembly 
sequence of architectural components. Aiming to embed 
architectural intervention in response to environmental 
dynamics of its larger ecological context (Figure 7), the initial 
investigation is focused on mapping landscape phenomena 
relative to the proliferation of soil toxicity, while also 
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interacting with pervasive surface water flow. The proposed 
design framework is a method intended for the development 
of future sustainable communities within degraded land and 
soil areas, such as a former steel mill site that historically 
suffered from intensive air and soil pollution. The binder-jet-
printed de-massed architectural components—intended to 
be produced as part of the remediation process—integrate 
surface figuration patterns that encourage self-sustaining 
biomass retention. This design-to-fabrication workflow opens 
novel possibilities for the direct use of toxic top-soil residue 
as a material resource for binder-jet printing within a phased 
soil remediation process, although more focused remediative 
studies will be required. Employing advanced computational 
modeling linked to emerging concepts of on-site robotic addi-
tive manufacturing, the Lithopic House studio speculates 
on localizing construction and material resource loops that 
offset the need for virgin materials, equipping future archi-
tects with novel approaches to address the complex issues of 
regenerative design strategies at the intersection of computa-
tional design, social sustainability, and building construction 
through additive manufacturing. Here, landscape restoration 
is a grounding framework for situating the architectural form. 
Architecture is conceived as a vehicle of urban ‘acupunc-
ture’ that revitalizes its surrounding landscape. Embracing 
a climate-sensitive design approach, the project aims to 
examine a building’s potential beyond human habitation and 
to attune the existing ecological context relative to the archi-
tecture’s carbon footprint.
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FROM SOCIO -HIS TORICA L TO 
COM PU TATION A L FR A M E WOR KS
Lithopic House case studies are situated within a postindus-
trial site that suffered heavy exposure to air and soil pollution 
from 1869 to 1998, and consequently, a loss of population 
and functional businesses. Combined with steep hill topog-
raphy, secondary pollution distribution has been exacerbated 
by surface water flow during extreme weather events, which 
intensifies poor soil quality and negatively affects the commu-
nities’ living conditions and their ability to grow healthy local 
produce. This neighborhood suffers from a series of environ-
mental disadvantages, with building sites sloped 25 degrees 
or greater, intensifying the likelihood of pesticide run-off and 
landslides. The presence of contaminated soils contributed to 
the area becoming a food desert, where it is more challenging 
to grow and harvest local produce and to establish access to 
local food supply (City-Data 2015).

Lithopic House tests a multiplatform design workflow 
(Figure 6) employing computational methods to: (a) inves-
tigate landscape behavior relative to pollution distribution 
patterns (Figure 5); (b) optimize topology or architectural 
components through material characterization and weight 
reduction (Figure 9); and (c) shape systems to enhance a 
building’s ecological performance through biomass integra-
tion (Figures 8 & 10-12). This design process requires the 
integration of multiple software platforms and modeling 
techniques, namely: (a) computational simulation of surface 
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