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Abstract: As the Anthropocene increasingly undermines natural systems, there is 
an urgent need for design to move beyond harm reduction toward active 
ecological restoration. Regenerative Design (RD) has emerged as a promising 
paradigm to complement sustainable design; however, fragmented knowledge 
and inconsistent terminology hinder designers’ systematic understanding. To 
bridge the gap between theory and practice, this study first reviews the 
philosophical stances and key approaches of RD, then examines its 
implementation in a coral reef restoration project on Weizhou Island. Reflection 
on the project revealed three major challenges: limited capacity for 
interdisciplinary collaboration, insufficient tools for stakeholder engagement, and 
inadequate dynamic assessment models. To address these challenges, the study 
proposes  corresponding  strategies:  enhancing  designers’  foundational  cross-
disciplinary knowledge to improve collaboration; developing guided tools on digital 
platforms to support stakeholder understanding; and employing artificial intelligence 
to analyze data from dynamic assessment models, providing scientifically grounded 
evaluations of RD practice.

Keywords: Artificial Coral Reef; Coral Reef Restoration; Regenerative Design; 
Regenerative Practice

1. Introduction
Sustainable development, as a scientific discipline, asserts that human progress 
requires economic growth, yet its physical scale must remain within ecological 
thresholds, emphasizing the balance among economic, social, and environmental 
dimensions (Costanza, 1992; Clark & Dickson, 2003; Purvis, Mao, & Robinson, 2019). The 
Sustainable Design (SD) paradigm integrates theoretical frameworks grounded in 
sustainable development principles, guiding designers to translate concepts into 
solutions. However, the SD paradigm has failed to mitigate the current environmental 
and social crises but accelerated their spread. Among the nine planetary boundaries 
defined by scientists, the number of thresholds breached has increased from four to 
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six, issuing a stark warning that human civilization now stands on the brink (Steffen 
et al., 2015; Richardson et al., 2023). The fundamental issue lies in the fact that the 
current SD paradigm adheres to a mechanistic worldview (Gibbons, 2020; Cole, 2012), 
separated ontology (Walsh et al., 2021), and development-oriented values (Jackson, 
2009; Daly, 2007; Leiserowitz, Kates, & Parris, 2006). It treats nature and humanity as 
binary opposites, attempting to reduce resource consumption and pollution emissions 
through technological means to reconcile environmental and social conflicts arising 
from economic development. This paradigm remains an extension of 
anthropocentrism dominated by Western industrial civilization. As Berry (2000) aptly 
noted: "The absurdity has been to seek a rising Gross Domestic Product in the face of a 
declining Gross Earth Product." Thus, despite the SD paradigm's micro-level successes, 
humanity continues to inflict catastrophic damage on Earth's biosphere at the macro 
level.

Correspondingly, the Regenerative Design (RD) paradigm embraces an ecocentric 
worldview, incorporating the needs of non-human entities (such as species and 
ecological communities) into its core considerations, alongside human needs (Taveras-
Dalmau, Becken, & Westoby, 2025; Sonetti, Naboni, & Brown, 2018). Its scope 
expands beyond human-made artifacts to encompass the symbiotic natural system, 
using design to rebalance human activities with ecological dynamics (Table 1). This 
paradigm prioritizes three key objectives: preserving ecosystem health, conserving 
biodiversity, and mitigating climate change. Besides the closed-loop system 
emphasized in SD, RD goes a step further, advocating that design solutions should 
not just pursue zero emissions but generate a net positive impact (Mang & Reed, 
2012).

Its interconnected ontology posits that humans, as an integral part of the ecosystem, 
are inextricably linked to one another (Vargas Roncancio et al., 2019). Living systems 
are coupled of natural and human systems (Hes & Du Plessis, 2014). The health of 
the natural system is directly linked to the health of human systems, as healthy 
populations cannot thrive on a sick planet (Berry, 2002). Healthy and resilient living 

systems can only be achieved through the interaction and co-evolution of natural 

and human systems. The design decisions of RD are more constrained by the 

ecosystem's carrying capacity, rather than being dictated by economic factors or user 

preferences. RD does not unthinkingly pursue cutting-edge technology; instead, they 
advocate for using human technologies that align with the holistic functioning of 

natural systems. In addition, RD advocates context-sensitive solutions over universal 
approaches. This targeted strategy enables more precise responses to the needs of 
regional living systems. In practice, RD encourages leveraging local materials and 
indigenous knowledge, while mobilizing community participation in co-creation to 
strengthen the deep interconnections between communities, designers, and specific 
environments (McGinnis, 1999; Thayer, 2003).

Lastly, RD advocates a pluralistic axiology (Vargas Roncancio et al., 2019). It regards 
material growth as merely one aspect among a diverse range of values, asserting 
that it stands on an equal footing with other values such as ecological, cultural, and 
spiritual ones. RD opposes the dominance of a single value, which significantly 
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safeguards local cultures and indigenous wisdom and prevents the emergence of 
cultural homogenization driven by globalization.
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Table 1 The contrast of definitions, aims, and philosophical stances: Sustainable Design vs. 
Regenerative Design Paradigms.

Paradigms Sustainable Design
(SD)

Regenerative Design
(RD)

Definition Embraces a commitment to design the 
urban environment, factories, public 
and private buildings, spaces, products, 
and services in ways that respect the 
principles of social, economic, and 
ecological sustainability (From the 
Dictionary of Modern Design).

Fosters reciprocal relationships between 
human and natural systems, actively 
restoring and enhancing the health and 
vitality of ecosystems and communities to 
generate net-positive outcomes for both 
humanity and the planet.

Aim Minimizing environmental impact while 
promoting social and economic benefits

Thriving living systems

Worldview Mechanistic Ecocentric

Ontology Separation Interconnectedness

Methodology Circular Economy
Doughnut Economics
Cradle to Cradle
Product Service System
Life Cycle Assessment
Industrial Symbiosis

Biophilic design
Biomimicry
Multispecies Design
Biodesign
Bioreceptive Design
Pluriversal Design

Axiology Development Plural value

Thus, the RD paradigm, centered on restoring the vitality of living systems, should 
lead future design development. Designers must understand and use it to guide 
practices. However, most academic research on RD remains theoretical, with only 
scarce practical applications. This may stem from two causes: First, RD theories are 
rooted in philosophical inquiry aimed at expanding perspectives and reshaping values, 
whereas practical implementation must navigate complex, dynamic living systems in 
specific contexts, rendering formulaic application of RD theories unfeasible. Second, 
there is limited existing research outlining RD methodology to guide practice. This 
study aims to bridge the gap. Specifically, it revolves around two core questions: (1) 
What approaches can help bridge the gap between RD theory and practice? (2) 
What practical challenges arise when engaging in regenerative design practice? The 
first part of this article conducts a literature review to sort out the methodology of 
RD. The second part introduces an artificial coral reef design project led by the first 
author in collaboration with a marine biology team, which aims to restore damaged 
reef ecosystems and enable their long-term ecological regeneration. By reflecting on 
the challenges encountered in translating theory into practice, this study not only 
provides insights for future RD practices but also encourages theoretical researchers 
to iteratively refine their work and enhance the operationalizability of the theory.
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2. The Methodology of the Regenerative Design Paradigm
This section elaborates on the methodology of the RD paradigm, focusing on six 
representative approaches that help bridge the gap between theory and practice in 
addressing the first research question. The following approaches are conceptually 
interconnected, drawing on knowledge from biology, ecology, and anthropology, 
reflecting a genuinely transdisciplinary perspective. In practice, such approaches 
enable designers to understand natural principles and local living systems, leveraging 
natural sciences and indigenous knowledge to inform precise interventions that 
restore ecological balance.

2.1 Biophilic design

Biophilic design, rooted in Edward O. Wilson’s concept of Biophilia, integrates 
natural elements such as light, air, water, plants, and organic textures into built 
environments to foster human-nature connections (Wilson, 1986). Within RD 
practices, this method helps bridge the gap between theory and practice by guiding 

designers to leverage humans’ innate affinity for nature into functional 
interventions that restore cognitive, emotional, and ecological connections. Its 
application can enhance well-being, improve environmental quality, and support 
system resilience, demonstrating how design can actively contribute to regenerative 
outcomes (Kambo, Drogemuller, & Yarlagadda, 2019; Kaplan, 1995; Putrino et al., 
2020).

2.2 Biomimicry
Biomimicry is a design approach that extracts the forms, processes, and functions of 
living organisms, refined over billions of years of evolution. It translates these 
optimized principles into design strategies rather than merely imitating natural 
aesthetics (Benyus, 1997). In RD practices, designers can employ biomimicry to apply 

nature’s intelligence in creating functional solutions that support resilient, life-
nurturing systems. A typical example is the Eastgate Centre, designed by Mick 
Pearce in Harare, a tropical highland city with large diurnal temperature variations. 
Drawing inspiration from the natural ventilation systems of termite mounds, the 
building incorporates chimney-like structures and passive airflow channels to regulate 
indoor temperature, significantly reducing reliance on air-conditioning (French & 
Ahmed, 2010).

2.3 Multispecies Design
Multispecies design challenges anthropocentric perspectives by foregrounding 
relationships between humans and other living beings (Metcalfe, 2015). This 
perspective calls for designing systems, products, and interventions that support 
interspecies cohabitation and enhance ecological resilience. In RD practices, this 
orientation requires designers to engage in sustained observation, cohabitation, or 
expert proxy interviews to understand the agency, behavioral patterns, and socio-
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technical relationships of nonhuman organisms (Kirksey & Helmreich, 2010; Biggs et 
al., 2024). Such insights inform the development of design solutions that align 
human well-being with biodiversity conservation (Roudavski, 2020). Examples include 

the prosthetic nest designed for the powerful owl, precisely tailored to the host’s 
dimensions (Roudavski & Parker, 2020), and the Bee Brick developed by Green&Blue, 
which provides nesting habitats for non-swarming solitary bees in urban 
environments and supports biodiversity (Christman, Shaw, & Hodsdon, 2022).

2.4 Biodesign
Biodesign, a term coined by William Myers in 2012, is a transdisciplinary approach 
that integrates living organisms or ecosystems as essential components to enhance 
the functionality of materials, structures, and objects (Myers, 2012). In RD practices, 
biodesign provides designers with tangible strategies to incorporate biological 
intelligence into functional designs, enabling deep integration between natural 
systems and artifacts and generating innovative solutions to ecological challenges 

(Groutars, Kim, & Karana, 2024; Karana et al., 2023). A representative example is 
the living coffin designed by Bob Hendrikx, which is cultivated with fungi in just 
seven days. Once interred, it undergoes natural decomposition, transforming into 
nutrient-rich compost within six weeks. This process continues to enrich the 
surrounding soil and ecosystems for up to three years, offering a sustainable 
alternative to conventional burial methods (Karana et al., 2023).

2.5 Bioreceptive Design
The concept of bioreceptivity, first introduced by Guillitte (1995), refers to a 

material’s inherent ability to be colonized by living organisms. Building on this 
concept, bioreceptive design intentionally creates materials or artifacts that support 
the colonization, growth, and persistence of life. In RD practices, designers have 
developed bioreceptive tiles suitable for mosses and lichens, improving local air 
quality and enhancing biodiversity (Pollini et al., 2023). These organisms act as 
ecological pioneers, playing a crucial role in the evolution of life on Earth by 
forming and regulating soil and atmospheric processes, and are also employed in 
biomonitoring initiatives. While currently applied primarily in urban environments, this 
approach can be extended to marine organisms, such as algae, in submerged 
environments (Sanmartín et al., 2021).

2.6 Pluriversal Design
Pluriversal design, proposed and popularized by Arturo Escobar in Designs for the 
Pluriverse (2018), envisions a world where multiple cultures, knowledge systems, and 
ways of living coexist without being subsumed by a single universal model 
dominated by Western modernity. Within the RD paradigm, this perspective 
challenges technocratic and market-oriented design approaches and emphasizes 
integrating indigenous knowledge, local practices, and community values (Kothari et 
al., 2019; van Zeeland, 2024). In practice, pluriversal design is enacted through 
participatory processes engaging diverse stakeholders, allowing designers to 
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incorporate locally grounded ecological knowledge and culturally specific perspectives. 
By expanding the range of knowledge and values informing design decisions, 
pluriversal design helps translate regenerative principles such as social equity, cultural 
diversity, and ecological restoration into place-based interventions.

3. XREEF:
An Interdisciplinary Reef Restoration Project Under the 
Regenerative Design Paradigm on Weizhou Island

The authors outline how the RD methodology was applied in developing the XREEF, 
which aims to stimulate the regenerative potential of the degraded coral ecosystem 
on Weizhou Island. The correspondence between each approach within the RD 
methodology and the features of XREEF is summarized in Table 2 and discussed 
further below.

The project is part of the island’s broader regenerative practices, which aim to 
cultivate a culture supporting resilient socio-ecological systems (Wahl, 2019). 
Achieving this involves not only enhancing reef resilience through physical 
interventions, such as XREEF systems and coral fragment outplantation, but also 
establishing community-led conservation mechanisms that engage fishermen and local 
residents as coral guardians and tourists as eco-citizens. Together, these strategies 
enable human and natural systems to operate harmoniously, ultimately fostering 
regeneration and co-evolution. The XREEF project strictly complies with the 
Regulations on Ecological Environment Protection of Weizhou Island in Beihai City 
(2018), with all unit deployment zones situated within government-approved marine 
experimental zones.

Table 2. Regenerative Design Methodology and Its Correspondence to XREEF Features

RD 
Methodology

XREEF Features Correspondence

Biophilic 
design

Flowing 
morphology

Wave-inspired XREEF morphology enhancing human-nature 
connection

Biomimicry Interlocking 
structure

Interlocking structure derived from sine curves of wave 
undulations

Multispecies 
Design

Multi-scale 
cavities and 
holes

Shelters provided for fish and benthic organisms, facilitating 
multispecies interactions

Biodesign Outplanted 
corals

Acropora muricata selected and heat-trained as the outplanted 
species due to its fast growth rate and relatively low heat 
tolerance

Bioreceptive Bio-concrete Locally sourced oyster shells and silica fume in concrete to 
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Design enhance bioreceptivity

Pluriversal 
Design

Co-design and 
local production

Co-determination of design parameters with local stakeholders 
and decentralized local production

3.1 The Importance of Coral Reef Ecosystem
Coral reef ecosystems are often hailed as "the tropical rainforests of the ocean," 
providing critical spawning and nursery habitats for fish and shellfish, indirectly 
underpinning food security for over 500 million people globally (El-Naggar, 2020; 
Pandolfi et al., 2011). Their ecological functions operate across multiple dimensions. 
Through the calcification process driven by the symbiotic relationship between coral 

polyps and zooxanthellae, coral reefs sequester approximately 70–90 megatons of 
carbon annually, mitigating ocean acidification and the greenhouse effect 
(Frankignoulle & Gattuso, 1993). In addition, healthy reef systems act as natural 

coastal barriers, dissipating 70–90% of wave energy (Ferrario et al., 2014). Coral 
reefs also generate substantial economic value through tourism, contributing 
approximately $36 billion annually worldwide (Spalding et al., 2017).

3.2 The Degradation of Coral Reefs in Weizhou Island
Weizhou Island is the largest island in the Beibu Gulf of the South China Sea, 
situated in the northeastern part of the Beibu Gulf. Its geographical coordinates are 

21°00′–21°10′N and 109°00′–109°15′E (Figure 1). Weizhou Island lies within 
the subtropical oceanic monsoon climate zone, where year-round cyclonic circulation 
fosters ideal conditions for coral growth and reef accretion (Yu et al., 2019). 

The research indicates that from 1984 to 2015, the average live coral cover on 
Weizhou Island dropped from approximately 42% to 10%, with an average annual 
decline of 1.03% (Yu et al., 2019). This decline aligned with the collapse of 
dominant Acropora, replaced by disturbance-tolerant corals (e.g., Faviidae) (Liang et 
al., 2010, 2011), indicating severe reef degradation on Weizhou Island (Yu et al., 
2019). Given these circumstances, relying solely on natural forces to restore Weizhou 

Island’s coral assemblages is no longer realistic. The first author thus established 
an interdisciplinary team to intervene and mitigate coral survival crises. The target 
site was selected as the northwest area of Weizhou Island, which exhibits the lowest 
coral coverage.
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Figure 1 Spatial Distribution of Coral Assemblage and the Location of Coral Reef Restoration Zone on 
Weizhou Island (Adapted from Yu et al., 2019)

3.3 The Role and Limitations of Artificial Coral Reefs in Coral Restoration
Artificial Coral Reefs (ACRs) are intentionally placed benthic structures on the ocean 
floor to provide a stable substrate for coral settlement, growth, reproduction, and 
outplantation (Sherman, Gilliam, & Spieler, 2002). ACRs can either integrate into 
natural coral reefs to increase their surface area or exist independently, offering 
habitats for a greater variety of marine organisms.

Current mainstream ACRs primarily comprise mesh cages and concrete boulders, each 
with distinct structural characteristics and deployment challenges. Mesh cages, 
constructed from steel bars welded into 3D structures, require underwater fixation 
by divers and are prone to structural failure under harsh climatic conditions such as 
typhoons. Concrete boulders, cast by mixing cement, sand, and gravel into heavy 
(>500 kg) irregular forms, necessitate specialized vessels for crane-based placement, 
restricting accessibility to shallow waters and significantly escalating operational costs.

3.4 The Development of the XREEF System
The development of the XREEF system involved four phases. During the discovery 
phase, the authors conducted fieldwork on Weizhou Island, including ecological 
surveys and stakeholder interviews, to document the local ecological, social, and 
economic context. During the definition phase, qualitative and quantitative data 
collected during discovery were consolidated into a project brief, clarifying design 
objectives and specific requirements to guide subsequent design work. In the design 
and manufacturing phase, the introduced RD methodology was applied across 
different design components, generating the specific features of XREEF. The authors 
also reflected on practical challenges encountered in applying the RD methodology, 
highlighting both its value and limitations. Finally, the deployment phase outlines 
plans for the future implementation of XREEF.

3.4.1 The Phase of Discovery

In July 2024, the authors visited Weizhou Island and conducted ecological surveys 
across the island, particularly in the northern coral reef research area. On-water 
surveys (Figure 2a) included measurements of water temperature, depth, visibility, 
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and pH. Subaqueous surveys (Figure 2b) included the distribution and coverage of 
coral species, as well as the growth conditions of fish and other benthic organisms. 
In addition, we conducted interviews with stakeholders (marine biologists, local 
officials, and residents) to gain insights into current coral restoration practices and 
the social and economic context on Weizhou Island.

Figure 2 Ecological observation of the North of Weizhou Island, (a) On-water observation, (b) 
Subaqueous observation, Sources: Authors.

In the Weizhou Island northern waters restoration zone, the key ecological 
parameters measured were as follows: the surface water temperature ranged 
between 28 and 30°C, the average depth was 5.8 m, the transparency reached 5.0 
m (close to the water depth, indicating high clarity), and the seawater pH was 8.24. 
The dominant coral species included Porites lutea, Acropora hyacinthus, and others. 
The benthic community was primarily composed of sponges, with additional 
invertebrates present. The most abundant fish species was Neopomacentrus bankieri.

Interviews with marine biologists provided key insights into current coral restoration 
practices. They use a method known as a coral nursery, in which fragments are 
collected from healthy donor colonies and cut into smaller pieces using wire cutters. 
These fragments are then cultivated in the nursery to propagate corals on a large 
scale, where branch regrowth often outpaces damage rates. Outplanting involves 
securing these coral fragments onto ACRs. Successfully outplanted corals can continue 
to grow and reproduce sexually, thereby promoting the natural recovery of coral 
populations. In addition, outplanted corals provide critical habitat and food resources 
for reef organisms. However, the deployment of ACRs and the subsequent 
outplanting of coral fragments are often the most time-consuming and labor-intensive 
stages of coral restoration, requiring extensive use of SCUBA and boats. At present, 
the restoration team relies on giant, dome-shaped concrete ACRs, which make both 
deployment and outplantation inefficient. They therefore emphasized the need for 
modular ACRs to improve deployment efficiency, as well as design considerations to 
facilitate coral outplanting.

Local officials and residents also provided insights into the socio-economic context of 
Weizhou Island. The island has a population of approximately 20,000, whose 
economy largely relies on tourism, including coastal sightseeing, seafood consumption, 
whale watching, and diving. Consequently, the local economy is closely tied to the 
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health of the marine environment, prompting residents to develop strong ecological 
awareness and a range of locally grounded environmental practices. For example, 
food waste is converted into biogas to alleviate pressure on energy supply and 
waste management, while decomposed coral fragments are repurposed into 
handicrafts, preserving traditional craftsmanship and creating local employment 
opportunities. In addition, a cafe named Huandao Coffee promotes environmental 
awareness among visitors by offering a free cup of coffee in exchange for 2.5 
kilograms of collected waste.

3.4.2 The Phase of Definition

By analyzing the information collected during the discovery phase, the authors have 
formulated a project brief to provide clear, targeted guidance for the design work in 

the next phase. The details are as follows:

The project targets Weizhou Island’s coral restoration zone as a site for place-
based RD practice, enhancing coral reef resilience and marine biodiversity through 
collaboration with marine biologists and local communities to co-create an ACR 
system that promotes environmental stewardship and shared responsibility. Design 
strategies optimize spatial form and materials to facilitate coral colonization, provide 
shelter for marine organisms, and simplify deployment and outplantation, reducing 
operational complexity and cost. Through these localized restoration efforts, the 

project advances the regeneration and long-term vitality of Weizhou Island’s living 
systems.

3.4.3 The Phase of Design and Manufacturing (XREEF)

Based on the preliminary project brief, the authors adopted modularity to simplify 
the deployment process. Building on this strategy, the RD methodology was applied 

to guide the development of XREEF’s design through several complementary design 
approaches. First, a biophilic design approach was employed, drawing inspiration 
from ocean wave dynamics to shape the flowing morphology of XREEF. This form 
enables harmonious integration with the marine environment and dissipates 
hydrodynamic energy, thereby enhancing structural stability.

Next, a biomimicry approach was used to extract wave undulations parametrically, 
generating periodically complementary sine curves along the edges of XREEF units 
and forming a coupling interface. In the stacked configuration, protrusions on an 
upper-layer unit interlock with recesses on two adjacent lower-layer units, creating a 
gravity-induced self-locking mechanism. This design reduces underwater workload for 
divers and eliminates corrosion-related failure risks associated with metal fasteners in 
high-salinity environments. 

In addition, the authors utilized the multispecies design method. To boost 
biodiversity in the coral reef ecosystem, we created several multispecies personas 
representing marine organisms commonly found in Weizhou Island's natural coral 
ecosystems. After identifying habitat preferences, the authors incorporated multi-scale 
cavities and holes into the ACR design, which facilitate water flow, reduce sediment 



Chengjun Li, Valentina Rognoli, Fuqing Xu

12

accumulation, and simulate the complex topography of natural coral reefs, thereby 
providing habitat for fish and benthic organisms

Biodesign was incorporated into the project as an interdisciplinary approach through 
collaboration with marine biologists on coral species selection and thermal 
acclimation experiments. Acropora muricata, selected for its rapid growth and 
intricate branching structure, provides increased substrate surface area for benthic 
organisms. However, compared with massive corals, it exhibits lower thermal 
tolerance and is more susceptible to bleaching under ongoing ocean warming. To 
enhance survival under elevated temperatures, a short-term laboratory thermal 
acclimation experiment was conducted. Corals were intermittently exposed to 
temperatures slightly above their normal thermal range but below lethal thresholds, 

providing a form of “heat training” to enhance thermal tolerance and potentially 
confer resilience to offspring (Palumbi et al., 2014; Humanes et al., 2024). After a 
21-day acclimation period, 50 thermally acclimated fragments were prepared for 
outplanting. To improve outplanting efficiency, each unit was designed with multiple 
20 mm planting holes strategically distributed along its perimeter based on spatial 
analysis, allowing divers to secure coral fragments with adhesive. Through this 
process, the authors gained a deeper understanding of thermal acclimation 
procedures and the ecological characteristics of Acropora muricata, demonstrating 
that addressing such ecological complexities requires close interdisciplinary 
collaboration.

Subsequently, the authors applied bioreceptive design to develop a bio-concrete 
formula that supports the colonization and growth of marine organisms. Through 
iterative experiments and consultation with concrete engineers, the final mixture 
consisted of portland cement, coarse and fine sand, silica fume, oyster shell 
aggregate, water, cellulose, latex powder, and a water-reducing agent. Its innovation 
lies in the inclusion of locally sourced oyster shell aggregate and industrial by-
product silica fume: the oyster shells increase surface roughness and neutralize 
alkalinity, promoting coral gamete settlement and facilitating biofilm formation, while 
silica fume enhances concrete strength and corrosion resistance. The final bio-
concrete exhibits high strength, good fluidity, and low ion leaching. After 28 days of 

standard curing (≥95% humidity, 20 ± 2°C), mechanical tests confirmed an average 
compressive strength of 33 MPa, ensuring resilience under harsh marine conditions.

Finally, the authors applied a pluriversal design approach to engage stakeholders by 
organizing a workshop with local residents, licensed divers, and marine scientists. The 
workshop aimed to access indigenous knowledge, inform the public about the RD 
practice to build support, and gather feedback on the XREEF design. It consisted of 
two steps. First, the concept of RD and the project objective were introduced. 
Second, conceptual sketches of XREEF were presented, followed by an open 

discussion to gather participants’ perspectives. However, the open discussion was 
far less successful than anticipated. Only marine biologists and divers familiar with 
ACRs fully comprehended the design intent and ecological considerations of XREEF. In 
contrast, residents generally struggled to grasp these concepts and focused mainly on 
aesthetic appeal rather than on substantive suggestions grounded in local knowledge. 
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Further inquiry suggested that this outcome primarily stemmed from residents’ non-
specialist backgrounds; without guided or collaborative tools, they found it difficult to 
translate their indigenous experience into critical design feedback. Divers and marine 

biologists provided numerous critical feedback. Divers noted that XREEF’s modular 
design facilitated transport and underwater deployment but emphasized careful 
consideration of unit weight: too light would compromise stability, while too heavy 
would hinder handling. They recommended a maximum unit weight of 80 kg. Marine 
biologists emphasized that the unit height should be approximately 300 mm to 
prevent corals from being buried by sediment. They also praised the inclusion of 
cavities and passageways in the design, noting that such complex structures can 
attract more fish and support biodiversity restoration. At the same time, these 
openings allow light to penetrate the lower areas of the ACR, helping prevent coral 
tissue decay caused by insufficient light.

Building on the initial concept and feedback collected during the workshop, the final 
XREEF design was determined. Using the computer-aided design software Rhino 8, 
the XREEF unit (Figure 3) was developed (patent pending), measuring 750 mm (L) × 
450 mm (W) × 300 mm (H) and weighing 72 kg on land and 50 kg underwater due 
to buoyancy. The modular design enables flexible scaling and adaptation to different 
terrains and can be deployed by two divers without heavy equipment, significantly 
reducing operational costs. Each unit features 4 cavities, 20 elliptical holes of varying 
sizes, and 10 reserved 20 mm-diameter circular planting holes at the top and 
bottom for coral outplanting. Wave-shaped protrusions and recesses form interlocking 
geometric interfaces, improving deployment efficiency and reducing the risk of 
fastener failure in high-salinity environments. When assembled into multi-tiered 
systems of three or more layers, the structure forms a streamlined cone. Incoming 
waves generate upward forces that reduce horizontal stress and lift nutrient-rich 
sediments into the mid-to upper water column. This movement delivers nutrients 
and plankton to corals, supporting a vertical food chain from benthic organisms to 
mid-water fish and contributing to a self-sustaining marine ecosystem.

Figure 3 3D Modeling of the XREEF Unit Using Rhino 8
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The XREEF units were cast in wooden molds using bio-concrete (Figure 4a). In the first 
production batch, 14 units were fabricated (Figure 4b), representing the minimum number 
required to assemble a three-layer structure in a 9-4-1 configuration. Further production will 
depend on the results of forthcoming sea trials, which will inform decisions on scaling up 
deployment or refining the design.

Figure 4 The Fabrication of the XREEF, (a) The Wooden Mold of the XREEF, (b) XREEF units 
produced with bio-concrete.

3.4.4 The Phase of Forthcoming Deployment on Weizhou Island

After consultation with marine experts, the authors decided to deploy XREEF and 
outplant coral fragments in the restoration zone of Weizhou Island in November 
2025 (Figure 5). Autumn sea conditions are generally more stable due to the 
completion of monsoon transitions and calmer seawater movements, which reduce 
the risk of deployment failure caused by severe weather. The monitoring protocol 
includes professional divers using high-definition underwater cameras to document 
coral fragments and surrounding biodiversity during the initial deployment as a 
baseline. Weekly diving inspections will then be conducted during the first four 
weeks after outplantation to record coral survival, growth, coverage, and fish 
abundance, followed by quarterly monitoring over the next three years. All collected 
data will be systematically compared with the baseline to evaluate the long-term 
effectiveness of XREEF in restoring coral reef ecosystems.
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Figure 5 Illustration of the XREEF underwater deployment (rendered with KeyShot 12 and enhanced 
using AI image generation tools Midjourney and Nano Banana).

4. The Reflections of the Regenerative Design Practice
After reflecting on the XREEF project, the authors have identified the main 
challenges of the RD practice:

(1) limited capacity for interdisciplinary collaboration to address complex 
challenges. In this study, the authors found that RD methodology, due to its 
interdisciplinary nature, facilitates collaboration between designers and 
experts from other fields. For example, in the XREEF project, the authors 
collaborated with a marine biology team to select suitable coral species for 
outplanting and conduct thermal acclimation training, encountering 
numerous unfamiliar terms and concepts along the way. Moreover, RD 
practice often involves ecology, materials science, sociology, and indigenous 
knowledge, requiring designers to expand their knowledge base 
continuously. To support effective cross-disciplinary communication, the 
authors recommend that designers acquire foundational knowledge of the 
natural and social sciences and become familiar with relevant terminology.

(2) Insufficient availability of guided and collaborative tools to facilitate 
stakeholder engagement. The effectiveness of RD practice relies on 
sustained local community support, as residents must maintain a degree of 
autonomy once the project team departs. Consequently, stakeholders 
should be actively engaged throughout all project stages. However, in XREEF 
workshops, the authors observed limited resident participation and 
contributions, primarily because presentations alone were insufficient to 
facilitate full understanding and immersion. To address this, designers could 
develop guided and collaborative tools on platforms such as Miro, enabling 
residents to grasp project objectives and foster creativity in a relaxed 
environment. Another suggestion is to employ generative AI, which can help 
residents who generally lack visual and sketching skills to integrate 
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indigenous knowledge into the project and rapidly visualize outcomes for the 
team.

(3) Lack of dynamic assessment models to evaluate the effectiveness of RD 
practice. Accurate, continuous evaluation is essential not only to identify 
shortcomings promptly but also to guide necessary adjustments. This is 
particularly important because living systems constitute a complex, 
nonlinear, and coupled network of human and natural systems, in which 
minor perturbations can trigger a "butterfly effect." Moreover, such 
networks are often characterized by feedback delays, which helps explain 
why RD practice typically requires a long time; for instance, rainforest 
regeneration often takes several decades. Traditional static models struggle 
to predict these cascading reactions, often leading to biased outcome 
assessments. In contrast, dynamic assessment models can continuously 
collect real-time data on biological activities, environmental parameters, and 
socioeconomic factors within coral reef ecosystems, enabling evaluations 
and predictions to be updated based on the latest information.

In future work, we plan to conduct multi-scale dynamic assessments of the XREEF 
project. Analyses will span from individual-scale measurements, such as chlorophyll 
density variations in symbiotic zooxanthellae, to coral reef ecosystem-scale 
evaluations, including coral growth rates and benthic biodiversity recovery, and up to 
social-ecological system-scale assessments, examining the co-evolution of Weizhou 
Island's social and marine ecological systems. Given the large volume of data, the 
authors consider employing artificial intelligence and related techniques for 
integration and modeling, aiming to provide designers and local communities with 
timely, scientifically grounded decision support.

5. Conclusion
RD practice is akin to acupuncture, in which designers must precisely identify the 
key "acupoints" that trigger the self-organization of living systems. While these key 
acupoints can guide systems to operate more smoothly and advance human-nature 
co-evolution, the inherent time lag in RD evaluation means that this paper cannot 
yet empirically validate the ecological restoration outcomes of the XREEF project. 
Nevertheless, evidence from similar projects indicates that RD practices may 
simultaneously restore ecosystems and revitalize communities, thereby creating net-
positive impacts for both humanity and the planet.

This study identifies six approaches in RD methodology, including Biophilic Design, 
Biomimicry, Multispecies Design, Biodesign, Bioreceptive Design, and Pluriversal 
Design. These approaches enable designers to integrate knowledge from the natural 
and social sciences as well as indigenous wisdom, address the needs of both human 
and natural systems, and support the restoration of degraded coral reef ecosystems 
while guiding the regeneration of local living systems. Taken together, these findings 
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demonstrate how RD methodology can bridge the gap between theory and practice, 
thereby answering the first research question.

Additionally, through practical reflection, the authors identify three key challenges in 
RD practice to answer the second research question: (1) limited capacity for 
interdisciplinary collaboration to address complex challenges, (2) insufficient availability 
of guided and collaborative tools to facilitate stakeholder engagement, and (3) lack 
of dynamic assessment models to evaluate the effectiveness of regenerative design 
practice. In response to these challenges, this study proposes several practical 
recommendations. Designers should familiarize themselves with terms and concepts 
from other disciplines to enhance interdisciplinary collaboration. Guided tools on 
platforms such as Miro can be developed to support stakeholder understanding. 
Artificial intelligence can be employed to analyze the large volumes of data 
generated by dynamic assessment models, providing scientifically grounded 
evaluations of RD practice. Implementing these recommendations can help overcome 
the practical challenges of RD practice. Ultimately, this study can inspire more 
designers to engage with RD, ensuring the flourishing of living systems while 
minimizing the risk of greenwashing.
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