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Health resort designs are health sanctuaries and a conducive treatment, healing,
and wellness environment. In providing a health and wellness-beneficial
environment, the material selection choices by health resort designers should
conform to certain minimum specifications and standards. On this premise and
SDG-based selection criteria, the study aims to investigate eco-friendly
construction materials and their health benefits in an all-inclusive health resort
design proposed for Port Harcourt, Nigeria. This study addressed three key
objectives—Ascertaining the physical architectural features of health resorts,
assessing the eco-friendly building material contribution to SDG attainment,
and identifying the health benefits of eco-friendly building materials in the
health resort. The researchers engaged the qualitative research method for the
study, using a case study technique as a qualitative research design/strategy. The
authors used three health resorts across three countries in the global south; China,
India, and Brazil. The data collection instruments include; an in-depth interview
guide In-depth Interviews (IDI), a direct observation guide, a checklist of green
construction materials for health facilities and a qualitative photo-production
study based on the essential features of a health resort checklist. The authors use
content and narrative analyses to analyze data. Findings show that eco-friendly
materials may be best suited for both exterior and interior works of health resort
facilities. Wood, stone and concrete are the most preferred materials as they occur
across all three case studies. The results align with current global trends towards
eco-beneficial facilities. Adopting natural materials such as wood and stone for the
Port Harcourt health resort would be expedient, given the health benefits inherent
in using such eco-friendly materials and their alignment with the Sustainable
Development Goals (SGD 11 and 13).

KEYWORDS

healing environment, wellness, health resort, healthcare design, eco-friendly
construction materials

1 Introduction

Building materials impact the built environment and can influence health outcomes
(Khoshnava et al., 2020). Eco-friendly building materials can affect individual health and has
several health benefits. Recent research focuses on reducing carbon emissions and hitting
Net Zero by 2050 (McGarry et al., 2022). Therefore, the building industry must meet
sustainability targets by engaging in eco-friendly building materials and Eco-design amidst
other choices to preserve the planet Earth (Wang et al., 2019). In construction, we use eco-
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friendly building materials in areas such as production and
maintenance (Sivarethinamohan and Sujatha, 2021). Eco-friendly
building materials are harmless to the environment in production,
use or disposal and are easily recyclable (Abyzov et al, 2020,
August).
carbon emissions, saves energy and is cost-effective. Eco-friendly

Using eco-friendly construction materials reduces
building materials experienced a massive surge in 2020 due to the
rise of sustainable construction. Examples of the top eco-friendly
building materials include Bamboo, Straw Bales, Timercret,
Recycled Plastics, Ferrock, Hempcrete and Cork (Mistri et al., 2020).

Healthcare buildings’ environmental impacts have raised
questions such as: How best could we tackle outcomes on our
environment? How can building outcomes be minimised in our
environment? What are the best sustainable construction materials
to mitigate the effects of buildings on our built environment? What
are policies that can reduce the impact of building outcomes? (Omer
and Noguchi, 2020). The link between building materials and
human wellbeing is increasingly evident as moods and wellbeing
are affected by various elements of the built environment as spatial
allocations, lighting, access to nature, colour, indoor air quality,
noise, thermal comfort, user control of space, and preferred settings.
could
contribute to a healthy indoor environment and promotes

Sustainable building materials selection significantly
wellbeing. Research has also alluded that a relationship exists
between building material quality and human wellbeing (Lomas,
2019).

People living in healthy-built settings experience limited mental
stress, like reduced anxiety and depression. Hence, the relevance of
eco-friendly-building materials benefits within spaces. In building
construction, materials gained early recognition (400 BC) as
essential elements (Omer and Noguchi, 2020). Building materials
exist as clay, sand, wood and stone or synthetic materials such as
metal and plastics (Kubba, 2017). Thousands of building materials
and products exist as metal and non-metal (Song et al., 2018). The
construction industry is currently incorporating the sustainable
concept into building material operations to limit building
impact on the environment (Hoisington et al., 2019; Lundgren
Kownacki et al., 2019). The choice of materials is of prime
consideration in any design proposal. This study aims to select
health resorts to determine appropriate eco-friendly construction
materials and their health benefits for Port Harcourt health resort
design. The questions include; what are the physical characteristics
of the assessed health resorts? What are their exterior works
specifications, and How are the materials employed in the space
interior?

2 Literature review

According to Koduvayur Venkitaraman and Joshi, 2022, eco-
friendly building materials contribute to healthier indoor spaces
while enhancing the quality of the built environment. Promoting the
choice of building material could prevent building users from long-
duration illnesses such as cancer, lung ailments, central nervous
system, and liver damage. Chronic diseases easily correlate with
airborne harmful chemicals released from some building materials.
features are considered

Building materials with green

environmentally sound, safe, non-toxic and non-radioactive
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(Chan et al., 2021). These materials selection over other materials
will promote a healthy environment for humans and reduce the
adverse building outcomes inbuilt settings. Buildings contribute
significantly to attaining specific SDGs (Cucuzzella et al., 2021).

Alawneh et al., 2018; Hurlimann et al., 2019 explained that local
and global challenges such as climate change, health and wellbeing
affect the building material industry. Research reveals that efficient
and responsible choices and building materials strategies are vital for
built settings to contribute significantly to preserving biodiversity
and realising the SDGs (Omer and Noguchi, 2020). The demand for
eco-friendly building materials has grown dramatically over the past
few years. And it is projected to drive the building materials industry
and construction growth future. It may also have indirect
contributions to health. For instance, eco-friendly building
materials choices like clay, gravel, lime, sand, wood, et cetera can
contribute to ending some forms of poverty. When eco-friendly
building materials are applied efficiently, construction costs can
reduce to 60% (Ugochukwu and Chioma, 2015). Eco-friendly
building materials can mitigate the impact of buildings on global
greenhouse gas emissions and other climate-related hazards (Huang
et al., 2019).

Fei et al. (2021) explained that building materials correlate with
achieving 13 of the 17 SDGs and 25 UN 2030 Agenda targets. Over four
(4) billion people live in cities at a 73 million per annum growth rate.
Urban areas account for about three-quarters of the world’s gross
domestic product. Therefore, the built environment must become
relevant to impact a large population globally. The construction
industry plays a vital role in achieving sustainable cities and
communities—SDG 11 (Fei et al,, 2021). Relating to SDG 3 (health
and wellbeing), studies show that increased sensitisation on healthy and
non-toxic building materials should be considered a priority to achieve
global health and wellbeing and other SDGs. Research has shown that
urban regenerating endeavours could significantly aid the realisation of
SDG 11 (sustainable cities and communities), SDG 7 (affordable and
clean energy), SDG 6 (clean water and sanitation) and SDG 1 (end
poverty). The built environment has impacted the health, quality of life,
wealth, wellbeing and happiness of individuals and communities
concerning built asset planning, design, maintenance, and
management. Hence, the need to predetermine construction materials
suitable for the first health resort development in Port Harcourt, Nigeria.

3 Materials and methods

The researchers engaged the qualitative research method. The study
uses the case study technique as the research design/strategy. The data
collection instruments were; an in-depth interview guide (IDI), a direct
observation guide, a checklist of green construction materials for health
facilities and a qualitative photo-production study based on the
Checklist of Essential Features of a health resort. The author used
content and narrative analyses to analyze data, as shown in Figure 1.
The authors collected data through a review of relevant literature, a case
study of health resorts and interviews with experts on eco-friendly
building materials and their health benefits in a health resort. The
researchers selected three (3) health resorts based on established
measurement criteria. The researcher used a visual research method
(photo-production method) to analyse the data collected from the three
case studies of health resorts based on the essential architectural features

frontiersin.org


https://www.frontiersin.org/journals/built-environment
https://www.frontiersin.org
https://doi.org/10.3389/fbuil.2023.1011759

Ekhaese and Ndimako

10.3389/fbuil.2023.1011759
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Research
Method
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Deduction from
literature reviews

Case study of three health resort facilities, selected based on the
contextual similarities (global south and climatic conditions)

Photographing reallife features at the neighbourhood level during a walkthrough
whilst considering the ten categories of eco-friendly construction material grouping
of health Resort facility.

Data Collection Instruments
Conduct several types of interviews from experts, using
Photography to capture and then share complex
environmental and soctal issues and record of an urban
scene and perspective which may be used to study the
relationship of people health/wellness and their living
environments in the health resort

s N

Interview Observation
Guide Guide

Materials Checklist

Features Checklist

Green Construction I ‘ Health Resort Essential ]

Results

Software such as MaxQDA, adobe Photoshop, Microsoft excel were wed to
dn'elop' table, figures, charts, screen plots

Design

FIGURE 1

Structure of the research method, Source: Ekhaese and Ndimako (2022).

and eco-friendly building materials. The authors further developed a
building-materials contribution toward SDGs achievement and related
targets. The authors selected the three case studies based on the
contextual similarities—facilities had to be situated within the global
south and with similar climatic conditions as the humid tropical region
of Port Harcourt, Nigeria. The three case study facilities selected are
Seaweed Bay Health Resort (Weihai, China), Atmantan Wellness
Centre (Maharashtra, India) and Salinas Maragogi (Maragogi, Brazil).

3.1 Study location

Port Harcourt is a prominent colonial city in the south-south
geo-political region of Nigeria, as shown in Figure 2. With a fast rate
of growth and increasing urbanisation, the city is grappling the
realities of unhealthy and horrid urban spaces such as slums and
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illegal developments (a threat to SDGs 3, 6, 14, and 15). In response
to this, the government has since 2015 embarked on urban renewal
endeavours to restore the capital city to its afore-known garden
status. A key strategy in achieving this goal is to develop
infrastructure that will bring about beneficial health outcomes.
Park Port Harcourt and Mother and Child Hospital, among
other health-living-based investments, highlight the Rivers state
government’s provisions in ensuring a healthy citizenry. Given
the design of a health resort for Port Harcourt city, it is
necessary to conduct a case study of existing health resort
facilities in several locations of the world, especially concerning
materials used for construction. It is to ensure a conducive and
sustainable environment in the proposed facility to foster beneficial
health outcomes for the over three million citizens of the city.
Healthy buildings support social, mental, and physical wellbeing.
They likewise reinforce physical health by their structural stability,
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FIGURE 2

efficient shelter from the elements, excess moisture prevention,
comfortable temperatures facilitation, efficient sanitary condition
and adequate illumination, sufficient space, clean/safe power supply,
pollutants protection, injury hazards and pests preclusion (World
Health Organization, 2018). Many of these qualities are material-
dependent.

3.2 Data collection

The research focuses on expert (professional) opinions of the
Built Environment Professionals (BEPs), Health and Medical
professionals (HMPs), and environmentalists across Nigerian
universities to validate the authors’ expectations on the health
benefits of eco-friendly construction materials used in a health
resort. The authors conducted In-depth Interviews (IDI) with
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(A) Map of Port Harcourt showing the local government areas; (B) Map of Port Harcourt showing the old township and the core area in the city;
(C) Map of the proposed site along Eagle island Road by Blooms Spot hotels and apartments. Source: Ekhaese and Ndimako (2022).

twelve (12) experts/professionals drawn from four (4) BEPs, four
(4) HMPs and two (2)
Therapeutic Architects across universities in Nigeria, as shown

Environmentalists and two (2)

in Table 1. The researchers did not conduct in-depth interviews
within the three case studies. However, the authors purposively
selected participants (experts) from academics from Nigerian
universities. In the use of documentary analysis and interviews,
the interview exercise covered 120 h for the study (i.e., 10 h per
day for 12 days) with each university don. The authors employed
two (2) research assistants for the exercise to cover Port Harcourt
without Lagos, which the authors covered. Data collection
(interviews) procedures took place between June 30 and
15 July 2021.

The research used a visual research method (photo-production
method) as part of the study. Photograph assists participants in
telling a story through images. Images provide an enduring record

frontiersin.org


https://www.frontiersin.org/journals/built-environment
https://www.frontiersin.org
https://doi.org/10.3389/fbuil.2023.1011759

Ekhaese and Ndimako 10.3389/fbuil.2023.1011759

TABLE 1 Demographic information of the participants.

S/N  Participants Age Title Marital Education Occupation/Area of specialisation Years of
status experience
1 (e[¢] 52 Prof. Married PhD Molecular plant Systemist and Biostatistician 22
2 SC 55 Prof. | Married PhD Waste Bio-conversion, Public Health—Non-Communicable = 24
Diseases
3 LO 62 Prof. Married PhD Urbanism and Sustainable Architecture 30
4 FD 56 Dr. Married PhD Sustainable and Bio Architecture 25
5 AA 55 Dr. Married PhD Biochemist and Sustainability 23
6 ONE 47 Dr. Married PhD Therapeutic Architecture and Urban health influencer 20
7 GO 54 Prof. Married PhD Biochemist and Environmental Health 26
8 DA 58 Dr. Married PhD Social demographic and Health 27
9 MO 56 Dr. Married PhD Demography, material and Health 28
10 EA 54 Dr. Married PhD Environmental statistics and Health 25
11 WA 51 Dr. Married PhD Environmental Chemist and Sustainability 17
12 LA 53 Dr. Married PhD Building Material, Building Engineering and Health 19

PhD—Doctor of Philosophy

Source: Ekhaese and Ndimako (2022).

International Classification. Photos were made in June and July
2021 by two (2) research assistants and the co-author, who

Pleasure and Well-being

received instructions from the principal investigators to cover

each case study via the internet and correspondents from the

Mdical three different countries of China, India and Brazil. The guideline

Treanments
was for research assistants to take pictures based on the checklist of

essential features of a health resort. Also, the authors conducted in-
Health Resort

Essential

Nutrition-
‘healthy local
food

depth interviews with experts on several issues, with extracts on the
health benefits of Eco-friendly construction materials for users of a
health resort presented through direct quotes.

Features

Education
~aquartum,
200, museum.
classroom

3.3 Ethics

During the survey data collection process, the research assistants
capture no explicit photographs of people. This aspect did not
FIGURE 3 involve direct participation. However, obtaining ethical approval
List of essential features/facilities of health resort; Source:
Ekhaese and Ndimako (2022).

and informed consent was not necessary from the institutional
ethics committee since the experts for the in-depth interview
were colleagues from the university.

of a scene and perception to study the relationship between people
and their living environments. A photograph allows intricate
environmental and social issues to be captured and shared. This
study aims to highlight the essential features of a health resort
visible in the photos. This study used thesnapping features
approach of the selected case study health resort whilst
considering materials grouping based on the building-materials
contribution framework toward SDGs achievement. The health
resort essential features checklist was used, considering the health
benefits of a health resort. Assessments of these features rely on

Frontiers in Built Environment

3.4 Data analyses

The researchers employed the health resort essential features
checklist for the primary data analyses (a priori thematic
analysis). There were 30 photographs in Seaweed Bay Health
Resort, Weihai, China, 28 in Atmantan Wellness Centre,
Maharashtra, India and 27 in Salinas Maragogi, Maragogi,
Brazil as shown in Figures 4, 5 and 6. The authors achieved
data saturation for every case study. Photographs were clustered
based on the domains of the checklist, and the stories relating to
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Photoproduction of Seaweed Bay health Resort, China; Source: Ekhaese and Ndimako (2022).

these photos were to describe the eco-friendly building material
and its health benefits. After collecting the photographs data, the
authors presented the pictures to the interviewed experts/
professionals as a form of check and validation. Also, design

Frontiers in Built Environment

aspects of the built environment (architecture and urban
planning) were analysed using photos to see if health resort
features are eco-friendly and have health benefits for users.

We developed observational notes and transcribed and
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FIGURE 5
Photoproduction of Atmantan Wellness Centre, India; Source: Ekhaese and Ndimako (2022).

analysed them using thematic analysis. The authors deductively =~ Health Resort.” The authors presented the participants
coded the transcripts under a pre-existing theme; “Health  construct of their experiences in the subject matter through
Benefits of Eco-Friendly Construction Materials used in a  direct quotes and ethnographic synopses.
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FIGURE 6

Photoproduction of Salinas Maragogi health resort, Brazil; Source: Ekhaese and Ndimako (2022).

4 Results and discussion

The construction industry also presents a challenge since there
are innovations to explore and identify eco-friendly building
materials that are less dangerous to the environment and
enhance human health every year (Dirisu et al, 2022). The
finding indicates that the data analysis relies on the research
objectives presented. The assessment technique for qualitative
data relies on research objectives, methodology, and analysis.
Therefore, the research objectives include: identifying the physical
characteristics of the selected health resorts, ascertaining their

Frontiers in Built Environment

exterior works specifications and examining the health benefits of
building materials employed in the interior spaces. However, the
authors presented results in sequential order of the study objectives.

4.1 The result of ascertaining the physical
architectural features in a health resort

Figure 3 presents the essential architectural feature of a health resort

checklist as: Medicals (treatments), Spa and Beauty (Bath, beauty, care
message), Fitness (gym, yoga studios, hydro-therapy), Sports (tennis

frontiersin.org
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TABLE 2 Eco-friendly building materials.

Material type

Eco-Friendly Responsibly
Sourced Construction
Materials

Description

Safe, healthy materials are for humans and the
environment, with little waste, and emit no
hazardous compounds throughout their life
cycle. These materials are renewable, recyclable,
and derived from reputable, sustainable, legal,
and well-managed sources.

Empirical support

Ahmad and Rashid (2022); Jain et al. (2022);
Rooprai et al. (2022); Jagatramka and Prasad
(2022); Takubo et al. (2022); Lee et al. (2021);
Uddin et al. (2021); Cabeza et al. (2021);

Manjunath and Patil (2021); Nouri et al.

(2021); Chen et al. (2021); Garay et al. (2021);
Goldhahn et al. (2021); Kilcline et al. (2021);
Maier (2021); Sahoo et al. (2021); Amran et al.
(2021); Behl et al. (2022); Hashmi et al. (2021);

10.3389/fbuil.2023.1011759

Material examples

Recycled Steel, Insulated Concrete, Green
Concrete, Geo-polymer Brick, Straw-Bale,
Mud and Lime, Bamboo, Stabilized Earth
Brick, Wood, Flyash Concrete (ashcrete)

Siddique and Jang (2021)

Source: Ekhaese and Ndimako (2022).

TABLE 3 Eco-friendly building materials contribution toward SDGs’ attainment and their health benefits.

Sustainable development goals

Building material’s typology
(SDGS)

Associated health benefits

3: Good Health and Well-being Eco-Friendly, responsibly-sourced

Building Material

11: Sustainable Cities and Communities

12: Responsible Consumption

13: Climate Action

Source: Ekhaese and Ndimako (2022).

court, swimming, golf course, sky), Nature (Parks, garden, lakes, pool,
ocean access), Education (aquarium, zoo, museum, classrooms),
Community (heritage, social connectedness), Nutrition (healthy local
food) that guide the photoproduction process. Three markers drive the
essential features of a health resort- 1. Pleasure and Wellbeing
(medicals, spa and beauty and Fitness), 2. Healing experience
(Sports, nature and education) and 3 Community engagement
(Nutrition, Community and education).

The authors conducted In-depth Interviews (IDI) with twelve (12)
experts drawn across Universities in Nigeria. The health benefits derived
from using eco-friendly construction materials in a health resort facility
from literature and corroborated by professionals include; longevity,
comfort, improved health and wellness, environmental protection,
waste minimization, better quality of life, and noise avoidance (Han
et al., 2020; Raouf and Al-Ghamdi, 2020; Sohaib, Wang, Igbal and Han,
2022).

According to CO.,,
biostatistician,

a molecular plant systemist and

Frontiers in Built Environment

Eco-friendly construction materials improve psychological health and well-being at all
levels (such as reducing anxiety and depression and bringing warmth). It provides a
healthier indoor area and enhances the quality of the built environment.

It prevents building users from non-communicable or chronic diseases like the central
nervous system and lung and liver cancer.

Eco-friendly building materials are vital to long-term built environment sustainability by
reducing construction costs and negative environmental impacts and ensuring access to
affordable housing and services.

It builds a sustainable community that supports natural resources preservation and
minimizes material extraction, transport, production, erection, maintenance, and
demolition waste impacts.

Eco-friendly building materials used for construction can help the building materials
industry to promote sustainable public procurement.

They are non-hazardous, non-polluting, and non-radioactive materials that achieve a
healthy environment and encourage companies and construction stakeholders to
implement global sustainability in projects.

They are durable, reduce waste and are vital to sustainable consumption.

Eco-friendly building materials can mitigate buildings” impact on global greenhouse gas
emissions and other climate-related hazards.

“Eco-friendliness is about longevity. Hence, we design eco-
friendly buildings to last for a long time. Many eco-friendly
construction materials are robust, low maintenance, and provide
long-term environmental benefits such as better insulation.
Timber, for example, is highly durable depending on the
wood used, and can be treated further to limit fungal decay
or provide enhanced fire protection and enhance users’ health.”

However, from the photoproduction of the three case study
facilities selected that facilitate user health benefits as presented in
case studies 1, 2, and 3 below, timber and a thatched roof as eco-
friendly construction materials to enhance the health of the Seaweed
Bay Health resort users;

Case study 1: Seaweed Bay Health Resort Rongcheng City,
Weihai City, Shandong Province, China.

Case study 2: Atmantan Wellness Centre Village Palse, Tamhini
Ghat Rd, Mulshi, Maharashtra India.

09 frontiersin.org
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TABLE 4 Seaweed bay health resort (Weihai, China).

Physical characteristics Exterior works specification Interior works specification
Material ~ Typology Health Eco- Floor Wall and Roof Accommodation Dining Exercise
friendly openings
Benefits
Aluminium Durable B.M | It can increase A — Aluminium — — Aluminium- Category
tolerance to abiotic Door and Framed Absent
stress (ion toxicity Window Curtain
and nutrient Frames Walls

deficiency) and
resistance to biotic
stress (herbivores
and pathogens)

Brick Eco- Scenic-calm and A — Brick walls — Brick walls —
Friendly BM = beneficial indoor
air quality,
propagating both

psychological and
physical health

Concrete Durable BM It provides healthy = N/A Reinforced — Reinforced Tile Floor Finish on Reinforced
environments with Over-site Concrete Over-site Concrete
fewer airborne Concrete Slab
allergens, moulds, Floor

toxins and mildew

Ganache Eco- The warm scenic A — — Ganache Ganache Board Ceiling
Board Friendly BM  appeal of the Board

natural finish Ceiling

(psychological

benefit); and the
use of artificial
paint finish are
beneficial for the
environment and
people’s health

Glass Eco- Glass can transmit = A — Reflective- — Reflective-translucent Glass Doors and
Friendly BM | light to brighten the translucent Windows Infill

rooms to boost the Glass Doors
mood of the and Windows
occupants. Infill

Mud Eco- Mud potent toxins = A — Ecological Ecological Ecological Mud Rendered Walls
(Ecological Friendly BM  absorption from Mud Mud-
and Wheat the body and is Rendered Smeared
Grain Glue) beneficial for Walls Roof Slab
disease prevention Surface

Pebbles Eco- Profitable for blood Pebbled — — —
Friendly BM = pressure, mental Walkway
and physical fitness

Seagrass Eco- Indigenous to the A — Seaweed —
Friendly BM | environment, Grass Roof
Seaweed curating a with
beneficial outdoor Seagrass
environment with Filling
secondary benefits
to health

Stone Eco- Scenic-calm and A Stone Masonry — Masonry Stone Walls —
Friendly BM | beneficial indoor Paving Stone Walls
air quality,
propagating both
psychological and
physical health

(Continued on following page)
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TABLE 4 (Continued) Seaweed bay health resort (Weihai, China).

Physical characteristics

Material ~ Typology Health Eco- Floor
friendly
Benefits
Wood Eco- Regulates A Walkway
Friendly BM = humidity, which is Wood
beneficial for Boards

respiratory
functions, and good
for people with
respiratory
sensitivities

Exterior works specification

Wall and
openings

10.3389/fbuil.2023.1011759

Interior works specification

Roof Accommodation Dining Exercise

— Wooden
Pergolas

Wooden Beams

Wood Panel Wall Cladding

B.M, Building Material; N/A, Not Applicable; A, Applicable; Source: Ekhaese and Ndimako (2022).

Case Study 3: Salinas Maragogi Rodovia AL-101 Norte Km 124 s/
n Sitio Carid, Maragogi—AL, Brazil.

4.2 The result of eco-friendly building
material contribution to SDG attainment of
the selected health resorts

Table 2 show Eco-Friendly building or construction materials. It
explains the material type, the building/construction materials
description, empirical supports and the construction material sample.

In relating Table 3 to eco-friendly construction materials
selection for the design of a health resort, there are two main
areas of relevance, the health implications and the environmental
impacts. The study references building material examples relating to
human health and the environment. It implies that the material
typology reflected under SDGs 3, 11, 12 and 13 are connections to
human health (SDG 3) and the environment (SDGs 11, 12, and 13),
as shown in Table 3. However, all identified eco-friendly material
typologies influence the attainment of all four SDGs (3, 11, 12, and
13). It is on the hypothesis that, for a built environment to be highly
beneficial to residents’ health and support a healthy/safe
environment, the material composition should ideally be Eco-
Friendly, Responsibly Sourced Building Materials.

A healthy people and environment are vital SDG targets, which is
suggestive of the above framework that the material selection for any
building development should include all building material typologies in
their applications. It is ideal, though evidence from the facilities assessed
shows that all material typologies may not be available. However, the
percentage of materials composing a facility falls within the eco-friendly
building material typology (Table 2). More so, when a facility is
developed with the specific intention to foster health (as is the case
with health resorts), it is expected that greater attention is to materials
typologies included in the fabric of the facility. As earlier identified, the
referenced framework suggests that for the SDGs of Good Health and
Wellbeing, Sustainable Cities and Communities, Responsible
Consumption and Climate Action, at the very least eco-friendly
building material should make up the material selection for a health-
based facility such as a health resort. It is the case observed in three
selected facilities. However, the emphasis is on the facilities scenery to
improve the health benefit of occupants and the environment. The Sea
Bay Health Resort and Salinas Maragogi Resorts were composed of

Frontiers in Built Environment

better health and eco-friendly construction materials since most of their
material fabric is eco-friendly responsibly-sourced building materials.
Applying this knowledge as a guide for decision-makers in the design
process for the health resort in Port Harcourt (Nigeria), the materials
choices must comprise eco-friendly responsibly-sourced building
materials. This typology should serve as the dominant materials,
while other material typologies can make up other requisite components.

4.3 Result of identifying the health benefits
of eco-friendly construction materials used
in a health resort

Eco-friendly construction involves materials uses and processes that
are resource-efficient and environmentally responsible throughout the
life cycle of a building (Singh, 2018). Eco-friendly building materials
have seen a surge in popularity due to the several benefits over non-eco-
friendly building material that ranges from environmental to social and
health and wellness (Fu et al.,, 2021; Zitars et al., 2021).

In an interview with ONE, a therapeutic architect and urban
health influencer,

“Buildings created using eco-friendly materials can be more
comfortable to spend time on. That’s because sustainable
constructions often maximise natural light to limit reliance
on electricity. Eco-friendly materials also provide greater
acoustic and thermal comfort because they are highly
efficient insulators. In the end, it is beneficial to the users health.”

SC, a life scientist and researcher, said in an interview that

“the buildings we spend time inside can significantly impact our
health. Some construction materials release harmful toxins like
carcinogens. Timber and other eco-friendly options do not.
Instead, studies have shown they reduce stress and anxiety
and nurture more positive social interactions. There is even
evidence to suggest that timber can lower blood pressure.”

Eco-friendly construction is not about building creation with a
low environmental impact. It is an innovative approach to building
design that improves people’s health and lifestyle and how they
construct (Balali et al., 2020; Prakash et al., 2020).
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TABLE 5 Atmantan Wellness Centre (Maharashtra, India).

Physical characteristics

Exterior works specification

Interior works specification

Material ~ Typology Health Eco- Walls and Accommodation Dining Exercise
friendly openings
Benefits
Aluminium Eco- It’s Resistant to Heat. A — Aluminium Door & Composite Roof Aluminium-Framed Curtain Walls
Friendly B.M Window Frames Tile
Ceramic Eco- Ceramic surface tiles improve indoor air quality, to A Ceramic Tiles — — Floor Finish, Pottery Fitting, Sanitary Fixtures Wood
Friendly BM | prevent allergens such as pollen, dust, or dirt. Finish Floorboards
Concrete Durable BM It provides healthy environments with fewer A Reinforced Concrete Masonry Walls — Concrete Masonry Walls —
airborne allergens, moulds, toxins and mildew. Concrete Floor
Glass Eco- It transmits light to brighten the rooms to boost the A — Clear-Glazed Window Glazed Roofing Space Partition Furniture, Curtain Walls
Friendly BM | mood of the occupants. Infill
Marble Eco- It prevents allergens that cause viral illness and A Marble Flooring Marble Wall Finish — — Marble
Friendly BM  asthma. Countertops
Paint — — N/A — Paint Wall Finish Paint Wall Finish
Thatch Eco- Indigenous, curate a beneficial environment with A — Thatch Roof —
Friendly BM  benefits to health.
Steel Durable BM = — N/A Steel Truss Systems — — Steel Fixtures
& Pergolas
Composite Piers
Stone Eco- Scenic-calm and beneficial indoor air quality, A Stone Paving Stone Wall Finish — —
Friendly BM | propagating both psychological and physical health.
Wood Eco- Regulates humidity, benefits respiratory functions, A ‘Wood Floor Panel = Wood Wall Panel, Wood | Wood Ceiling Strips Furniture, Fittings and Wood Wall Panels, Wood Floor
Friendly BM  and is good for people with respiratory sensitivities. Composite Piers Fixtures Panels

B.M, Building Material; N/A, Not Applicable; A, Applicable; Source: Ekhaese and Ndimako (2022).
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TABLE 6 Salinas Maragogi (Maragogi, Brazil).

Physical characteristics

Exterior works specification

10.3389/fbuil.2023.1011759

Interior works specification

Material ~ Typology Health Eco- Floor Wall and Roof Accommodation Dining Exercise
friendly openings
Benefits
Brick Eco- It caters for those A — Brick Wall — Brick Wall Finish Brick Wall
Friendly B.M | with acute allergies or Finish Finish
sensitivity to weather.
Ceramic Eco- Ceramic is made A Ceramic — — Plumbing Fixtures — Ceramic
Friendly BM | from inorganic Tile Finish Tile Finish
materials and is safer
health wise
Clay Eco- It reduces negative A — — Clay Roof — —
Friendly BM | mood and anxiety Tiles
and heals trauma
Concrete Durable B.M N/A Concrete  Concrete — Concrete Masonry Concrete
Piers Masonry Walls Piers
Wall
Paint — — N/A Paint Wall =~ Paint Wall — Paint Wall Finish Paint Wall
Finish Finish Finish
Stone Eco- Scenic-calm and A — Pool Wall — —
Friendly B.M | beneficial indoor air Siding
quality, propagating
both psychological
and physical health
Thatch Eco- Efficient temperature A — — Thatch — —
Friendly BM | regulators by nature, Roof
allow hot air to
escape, creating a
quality indoor
environment
conducive to healthy
living
Wood Eco- Regulates humidity, A Pool Deck, = Wood Piers Wood Furniture, Fittings & Wood Piers, —
Friendly BM | benefits respiratory Wood Pergolas, Fixtures, Wood Wall Ceilings,
functions, and is Floor Wood Panel Furniture,
good for people with Panels Beams & Fixtures &
respiratory Truss Fittings
sensitivities Systems

B.M, Building Material; N/A, Not Applicable: A, Applicable; Source: Ekhaese and Ndimako (2022).

LA, a building material and health expert, said; “Eco-friendly
construction materials can be beneficial to health. According to the
Environmental Protection Agency, outdoor air is two to five times
less polluted than indoor air. Synthetic building and furnishing
materials can be dangerous for human health. Therefore, eco-
friendly construction materials like the ones listed in Table 4
below (aluminium, brick, concrete, ganache board, glass, mud,
pebbles, seagrass, seaweed, stone and wood) used indoors of the
health resort can help to purify the air.”

Material compositions of the case study facilities range from
durable and eco-friendly, responsibly sourced building material
typologies. The Sea Bay Health Resort and Salinas Maragogi
designs are a mix of; durable and eco-friendly responsibly
sourced building materials, as shown in Table 4.

The character of the facilities depicts an affinity for nature and a
serene setting. The material specifications possess renewable qualities
with low negative environmental impacts and potential for occupants.
They are known to be healthy and do not release toxins encouraging
safe environments and people. Atmantan Wellness Centre, though
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situated in the natural scenery of mountains and lakes, is of durable
material typology and the more favourable Eco-Friendly responsibly-
sourced Building Materials.

For Tables 4-6, the authors described material typology
classification in all cases (tables). In the context of the definitions
for various building material typologies, no material typology is 100%
void of negative impact on the environment since all materials
undergo engineering before being used as construction materials.
Therefore, the classification focuses on their impact on the
environment and their life cycle impact, especially concerning
construction and use/maintenance. However, addressing particular
building materials requires appropriate cognisance of the research
context (Nigeria). Aluminium is a commonly used construction
material in this geographical context. All material typologies are
subject to those readily sourced in the geographical location and
eco-friendly. The climatic context is also a consideration for defining
the kind of materials studied (Nigeria is in the tropical region). Again,
the cultural context of buildings located in the global south—culture
choices as a factor in the material choice for building construction,
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especially for the architectural typology under investigation (health
resorts). These considerations were relevant in the case studies’
selection process for this research. Hence, Brazil, China and India
selection as case studies. Wood is regarded under typology as
“responsibly sourced building material” because of the legal
process. The authors present the use of seaweed and seagrass as
the roof system, particularly in the Seaweed health resort. It represents
a typical case of using naturally sourced materials engineered by
traditionally developed techniques (which may reduce carbon
footprint as a benefit inherent in the material).

This was properly situated when, FD, a senior lecturer and
construction expert, said

“Recycled (eco-friendly) construction materials used during the

construction contribute significantly to environmental

protection and waste reduction. Moreover, eco-friendly
construction takes into serious consideration several critical
elements. The well-insulated windows, ceilings and wall
installation ensure that no energy is going to waste. Also,
more responsibly sourced building materials can be less

harmful to the health resort environment.”
GO, a biochemist and environmental health expert, said:

“The construction industry is responsible for half of the global
waste. Eco-friendly construction materials minimize waste with
their lower environmental impact and the use of renewable
sources and materials.”

The health benefits classification of eco-friendly construction
materials is into environmental, financial and social health benefits,
as shown in the three cases (Han et al., 2020; Bangwal et al., 2022).

LO, an architect and urban designer, said

“Eco-friendly construction material has several benefits in every
stage of a construction project. Improved health due to safer
of better
surroundings, and more effective noise protection are only a

materials, increased productivity because
few advantages. Eco-friendly building materials can improve life
quality.”

AA, a senior research and environmental management
expert said

“Noise can have a significant effect on a person’s wellbeing. Eco-
friendly construction may put extra attention to noise avoidance
through eco-friendly construction materials as noise absorbers
and creating noise barriers to enhance the users of the health
resort facility.”

5 Conclusion

Researchers study construction materials to minimise the
cost of raw materials and improve the quality of the product
(Dirisu et al., 2022). Buildings are the foundations of cities and
communities, so building materials are vital to long-term
sustainability. Sourcing building materials should be with
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the
environment and the health of its people. Eco-friendly

consideration for minimal negative impacts on
building materials influence the actualisation of the United
Nations’ sustainable development goals (UN SDGs). The UN
SDGs are towards improved Quality of Life and healthy/safe
environments. Several materials’ empirical works have
established links between eco-friendly building materials and
eco-design contributions to healthy/safe environments and the
resident’s quality of life across various localities. In establishing
this connection, the buildings material composition is of primary
relevance. Hence, this study assessed a Health Resort facilities
case study to determine the best eco-friendly construction
material choices for a health resort in Port Harcourt, Nigeria.
Since SDGs’ target today is reducing carbon emissions, stopping
global warming and hitting Net Zero by 2050, the eco-friendly
building material, construction and eco-design must be at issue in
the built be

(i.e., reusable and offer decent indoor environments) and aid

environment. Buildings must eco-friendly
the actualisation of the SDGs. An implication for further study
includes- scientific tests and a quantitative assessment to
determine the exact materials selected for the Port Harcourt
health resort. The scope has been limited to qualitative materials
assessments to get a general overview of what is obtainable for

such a building design.
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