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Abstract

The article is based on a study that examined the relationship between
nature integration in residential neighbourhoods and the cooling energy
requirements. This is against the background of rapid urbanisation
accompanied by climate change, causing high temperatures and leading to
thermal discomfort in buildings, among others. To ensure thermal
comfort, building occupants resort to artificial methods of cooling, giving
rise to energy consumption in cities amid challenges of energy supply.
Whilst there is a significant amount of literature on the need to integrate
nature into the design of cities, little has been done to examine the link
between biophilic design and the energy requirements for cooling at
neighbourhood level. The study adopted a qualitative approach to guide
the collection of data. Document review was used to address the research
objective. The findings revealed that the biophilic design reduces energy
consumption for cooling by modifying the microclimate. There is little
appreciation by authorities of the potential of biophilic urbanism in
reducing temperatures of neighbourhoods. It is recommended that the
planning and design standards for residential neighbourhoods be revised
by including specific details as to how public open spaces should be
distributed and treated.
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INTRODUCTION

The need to integrate nature into the design and planning of cities 1s receiving
mcreasing attenoon owing to the desire to improve the quahty of the built
environment. Resultantly, there is multiple scholarly hteranwre on enhancng
the relanonship between the natural and the buile environment tirough green
buldings, greem infrastructure, green cities, bioplilic design amd urbanism,
amoug other efforts (Kellert, 1993; Nayak and Prajapaty, 2006; Beatley and
Newman, 2013; Newman, 2014; Xue, Gou, TLau, Lau and Chung, 2019).
The ideas conmined in the afore-referenced studies are put nnder a common
denominator of mifigating the degradation of urban ecological systems
because of nrban development and poor planning and design practices.

There is increased energy demand in residential areas, due to rapid
urbanisation, poor design and planning practices amid climate change and
cnergy provision challenges (Feibse, 2010; Makonese, 2018; Morrisscy and
Horne, 2011) raise questions on what can be done to reduce energy demand
in residendal places. However, possible solutions from a scholarly perspective
cmphasise on the integration of maturce in urban design as a mechanism of
improving the carbon sinking capacity and the acsthetics of cites and
promoting covironmental preservation and reducing energy consumprion in
bunldings {Beatley and Newman, 2013; Nayak and Prajapati, 2006; Newman,
20I4). Whilst these studies are important in informing pracace, there 1s need
to establish the hink between nature integration n residennal neighbourhood
design to save energy. That 15, how can biophilic design, which integrates
nature in the bwlt environment, be appled to reduce energy demand at
neighbourhood scale? The study informing this ardcle sought to answer the
question by exploring the relationship between the biophilic design and
energy demand reduction i a residential neighbonrhood scale focusing on
Birchenough Bridge Growth Point in Mamcaland Province of Zimbabwe.

The conrext specific nature of climate change (Project and Division, 1992a),
urbanisation and energy provision challenges require that a context specitic
coneeptualisation of the biophilic comcept as a mcasure of reducing residential
cnergy demamd be done. In this case, Birchenough Bridge, a fast-growing
urban centre with an annual average temperature ranging between 22,5 and
25°C and cven beyond in the hot scason, was considered. Continued
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urbanisacion in this area and similar places presents threats of hear islands that
can lead to increased energy demand for cooling: It is, therefore, important
that a conceptualisation of the potential of the biophilic concept in addressing
thermal comfort issucs without extra demand in energy requirements be done.
Thus, this article provides a conceptualisaton of this reladonship with the aim
of triggering scientific studies and review of planming and design guides for
residential neighbourhood planning:.

CONCEPTUAL FRAMEWORK

The study is anchored on the Biophilic Urbanism Concept which provides for
close contact of people with nature by bringing it closer to the city
environments. In return, awareness of caring for nature is fostered (Beatley
and Newman, 2013).

Biophilic urbanmism acknowledges that nature in citics goes bevond public
parks to iclude trees on the streets, rooftops, courtyards and hydrological
features. Some of the key compoenents of biophilic urbanism include providing
a park witliin 100 mctres of all residents, an integrated ccological network and
green urbanism from rooftop to the ity region. Biophilic citics also encourage
provision of strips of median grass and landscaping allowing residents to
experience matire and establishment of community gardens and plots. Some
of the qualites of Biophilic Ciges are non-physical and infrastructural related,
but alse include recreational acovities, atotudinal change and governance
aspects. Biophilic urbanism has enhanced the adoption of a biodiversity action
plan for a locality.

The clements of bioplulic urbanism are applied at varions scales of the city
including the plot level, building rooftops — green rooftops, rooftop gardens,
at block scale — green courtyards and houses clustered around green areas. At
street level, it mcludes green streets and sidewalk gardens. At the
neighbourhood level, it includes urban forests, ecology and neighbourhood
parks and community gardens used to bring nature to the neighbourhood. At
the crv-wide and regional scale urbau ceological networls, community forests
and orchards, the greening of utility corridors, transport corridors aud
regional greeu spaces arc major clemients to be considered.
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Beatley (Z011) acknowledges that biophilic urbamism links green dties and
green urbanism arguments to human wellbeing but less with envirommental
conservation and enerpy use. However, the framework of design that is
provided by the Biophilic Urbanism concept gives guidelines for the design of
neighbourhoods, responsive to the physical wellbeing of the inhabitants —
thermal comfort (Newman, 2014 Xue cr al, 2019), envirommental concerns
of residential neighbourhoods (Beatley, 2011; Beadey and Newman, 2013)
and acsthetical aspects of residential places (Beatley, 2016).

The 1deas embodied in the biophilic urbanism’ concept provide a guuding
framework for inegranng nature into the ciby environments at various levels
of planning and design. This study 15 concerned with the guiding framework
for neighbourhood plaming and design. However, the concept does not relate
nature presence in cities to emergy use, hence, the study conceptuialises this
relabonship  to establish the extent to which natire Inegradon in
neighbourhood planning and design can influence the enerpy demand for
cooling in hot regions. Although studies have been conducted to establish the
relationship between trees and energy-saving (Project and Division, 1992b;
Series and Science, 2020), these have been at a building and plot scale and do
not provide a guiding framework on how this can be dene at neighbourhood
level to reduce energy consumption in residential places.

LITERATURE REVIEW

This section presents the findingy of literature review on the implementation
of biophilic urbanism in various ades across the world to reduce energy
consumption through the moderation of neighbourhood wmperatures. The
review focused on the purpose and benefits of biophilic urbanism relative to
cooling energy requirements. The review also assessed constraints to the
successtul implementation of biophilic urbanism initiatives and the options for
enhancing the impact of biophilic projects and programmes.

Biophilic urbanism is an approach for improving the outdoor life in cities by
harmoniously blending the built environment and nature (Beatley and
Newman, 2013, Newman, 2014). Biophilic urban planning is the designing
of the citics with an aim of achicving objectives of biophilic urbanism (ibid.).
Thus, biophilic urbamsm consciously sceks to mregrate clements of nature
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with the built enviromment in a manner that creates liveable outdoor
conditions for people, which foster good health and wellbeing at minimal
COSt.

Previous rescarch demonstrates that there are several socio-cconomic and
environmental benefits of biophilic citics on a micro-scale. This is supported
by a recent rescarch thar shows thar there scems to be limited rescarch on the
bemetits of biophilic citics on a city scale (Xue ot al., 2019}, especially, outside
Amecrica, Asia and Europe. Past studics indicate that biophilic initiatives, if
implemented on a broader scale, can reduce energy consumption and
dependency on fossil fuels which cause pollunon and its attendant problems
(Newman, 2014 Ryan et al, 2014; Kellert and Calabrese, 2015; Xue et al,
2019). Bioplulic urbamsm achieves dis energy consumpton reducton in
buldings through insulation from  tree fohage coverage (Beatley and
Newman, 2013; Kellert and Calabrese, 2015). This tree canopy also creates
micro-climatic conditions which reduce temperatures through shading and
evapotranspiratiou (Beatley and Newman, 2013; Newman, 2014).  For
instauce, it Is posmlated that the cooling effects of vegeration, if well
harnessed through greening ,can moderate the predicted rise m global
temperatures, due to climate change (Beatley and Newman, 2013).

Further, the role of biophilic urbanism in moderating temperature is
demonstrated by the ambient condifions in Singapore and the two German
citics of Freiburg and Stuttgart (Beatley, 2011; Newman, 2014). Thesc three
citics have been addressing cffects of urban heat islands through planning
measures linked to the biophilic urbanism principles (ibid.). Additionally,
cstimates show that the installadon of green rooftops reduces temperature by
(1.5 to 2°C. Based on this evidence, it 1s assumed that larger tree caropies 1n
cities can sigmfcantly moderate temperature in cities (Beatley, 201T). Thus,
the air-conditioning effects of vegetanon assist both 1 creatng a good habitat
for people and reducng energy demand for cooling in additon to other
benefits.

Successtul implementation of biophilic urbanism involves several actors. The
actors include public institunions, responsible for planning policy-formulation
and preparing greening plans for guiding the implementation of bioplulic
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inigatives (Beatley, 20011; Newman, 2014 Xue et al, 2019). They are also
responsible for implemendng the biophilic imtatives including monitoring
and enforcement of standards (ibid.). Other important stakeholders are the
built eovironment professionals who include landscape architeets, architeets of
urban designs and planners who organise the use of space for grecning
(Beatley and Newman, 2013; Newmman, 20145 Xuc ctal, 2019).

Communitics, the privace sector, community-based organisations and
cducatiomal institutions arc other stakcholders in the implementation of
brophilic actvities (Beatley, 2011; Newman, 2014; Xue et al, 2019). An
analysis of research on actors in the greeming of cties reveals that many
communities, policy-makers and planners lack adequate knowledge about the
role of liophilia in reducing energy consumpton dirough the moderation of
temperatures (et al,ibid). This problem poins to the need for bulding
capacity and promoting knowledge about biophilia-energy nexus among
stakeholders. This analysis also showed that biophulic nrbanism is a multi-
dimensional phenomenon and ir is important to adopt an inclusive approach
i mplementing it

Existing literature shows that several cites worldwide are implementing
biophilic vrbanism. The biophilic inifiatives are being implemented on
property sites comprising housing where green rooftops, green gardens,
woodlots and orchards are cstablished in addition to the greening of strects
and walkways (Stewart-Pollack, 2006; Blanc, 2008; Newman, 2014). Besides
that, grecming Initiatives are occurring at neighbourhood levels through the
cstablishment of ccological and recreatiomal parks and greening of public open
spaces and other grey arcas (Beatley and Newman, 2013; Ryan et al, 2014;
Newman, 2014). In addition, other imtiatives are being implemented om a
aty and regiomal scale, through the greeming of lughway corridors, river
courses, schools, servitudes for utihoes and establishment of community
forests (Blanc, 2008; Beadey, 20T1; Newma, 2014). To maximise impact in
terms of energy-saving and thermal cooling, previous researches underhine that
brophilic inimadves must be implemented on all the scales (Beatley and
Newman, 2013, Newman, 2014). For mstance, Singapore has a
comprehensive scheme of greening under its programme of building a “‘City m
the Garden’. Tu light of this observation, itis important to have a hierarclical
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system of envirommental plans for guiding the implemenmdon of greening
inidatives in each dity.

There are several strategics for greening citics with a view to moderate
temperaturcs  through biophilic  urbanismr. The  greening  of cities s
implemented through the plamting of trees in parks, street sides, premiscs
along highways and river courses (Beatley, 2011, Newman, 2014; Kellere and
Calabrese, 2015). For example, Singapore imiriated a greening programme
along its major roads in 2001, namely the Heritage Road and Heritage Trece
Scheme 2001, in addinon to 1 extensive network of green streets (Newman,
2014). Public schools have been targeted in greening actovibes since they have
more space for establishing woodlots and orchards on their premises (Beatley,
20I1; Newmamn, 2014). The Hougang Primary School i Singapore has
embraced the biophilic imtiadves and has estabhished one of the famed green

walls (Newman, 2014).

Another biophilic urbanism strategy is the conservation and protection of
existing natural forests  that is less expensive in comparison to establishing
new forests and planting trees (Beatley and Newman, 2013; Newman, 2014;
Ryan er al, 2014). This approach has resulted m the establishment of the
tamous Singapore Botanical Gardens with the aim of conserving indigenous
vegeration (Newman, 2014). Besides that, literature review shows that the
cstablishment of community gardens and promotion of urban agriculture, as
in the cases of Chicago and Montreal, arc some of the pathways for greening
citics (Beatley, 2011; Beatley and Newman, 2013; Newman, 2014}, The
other strategics involve the establistunent of vertical gardens (Blane, 2008;
Newman, 2014} through the installation of green walls of creepers that climb
on brick and comerete walls and trees planted along property boundaries o

provide shade (Sewart-Pollack, 2006; Beadey and Newman, 2013).

A study on the pathways to biophilic urbamsm has nowed that the adoption
of strategies 1s determined by planning regulations, the nature of landscape
and buildings, economic and techmcal consideragons, project size and
objectives and socio-culmiral and ecological condirions (Kellert and Calabrese,
2015). Ir 1s emphasised that for better impact on energy consumption
reduction and tamperature regulation, biophilic strategies should be
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implemented i an integrated approach where various imbatves complement
each other (Beatley and Newman, 2013; Newman, 2014). One way of
achieving the holistic and coordinated implementation of biophilic nrbanism is
to develop city-wide greening plans and policies.

A number of factors affcet the implementation of biophilic urban design and
urbanism  strategics. These  challenges  include  social and  cultural,
environmental, governamce and institutional challenges  (Beatley, 2011,
Beatley and Newman, 2013; Newnan, 20145 Ryan et al, 2014; Kellert and
Calabrese, 2015; Xne et al, 2019). The social and cultural challenges pertain
to lack of knowledge on the role of  green ades in reducing emergy
consumpton through the cooling effects of shading and evapotranspiration
(Beatley and Newman, 2013). For instance, a recent study on stakeholder
perception on green ates, <arried out in Singapore revealed that some
communites have litde nunderstanding on biophilic nrbanism aspects (Xue et
al, 2019). This lack of understanding partly causes wanton destruction of
trees and forests in ciries and apathy in communities towards the support of
biophilic design and urbanism efforts in some cities.

The lack of sound legal instmments to puide the implemenmtion and
enforcement of green cities mitiatives is also another challenge compromising
the impact of bilophilic design and urbanismr in influencing cocrgy
consumption in citics. The existence of properly codified planning and design
standards is nccessary to support the sustained building of biophilic
neighbourhoods and citics (American Planming Association, 20006; Beatley
and Newnman, 2013). Despite the importance of these instruments, previous
studics indicate that most countrics do not have appropriate legal codes and
this 1s constraining the building of green cines(Beatley and Newman, 2013,
Kellert and Calabrese, 2015).

The lack of appropriate standards, compounded by weak enforcement of
regulations, 1s assocated with slum  developments 1 some  countries,
particularly 1 the Global South, which makes 1t difficult to implement green
city initiatives {UN-HABITAT, 2010, 2016; Mycoo, 20173, In light of this
impediment, it 1s important for municipalities to plan, design and develop
guidelines that support biophilic urbanism and energy-saving models.
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Addigonally, there 1s also need to consider the enforcement of the new
regulatons and standards.

The impact of green city imitiatives in influencing energy consumption
reduction through cooling citics is cnhanced by favourable cnvironmentral
conditions in the formr of ambicnt temperatures and good rainfall patterns
(Ryan er al, 2014; Newman, 2014). For cxample, Singaporc has been
successtul in implementing biophilic initatives, duc to the tropical conditions
in the city which support the growth of plants (Newman, 2014). Howcever,
unfavourable environmentl conditons because of chimate change, particularly
droughts, are a threat wo biophilic urbamsm and the bulding of sustainable
cties that mimmise energy consumpton through greening imitlatives
(Kewvam, 2010; Yigitcanlar, Kamruzzaman and Teriman, 2015). T Light of
this challenge, it 15 necessary to carry out nsk assessment for each
neighbourhood  with the aim  of desigiming  appropriate  strategies  for
developing resilient cities that foster green city initiatives in the tace of adverse
ecological conditions.

An assessment of lirerature shows that there are potennal solutons to the
constraints that atfect the greening of cities, among other issues, aimed
regulating extreme temperatures in metropolitan environments. The success of
the green cides’ inttiatves can be enhanced through dissemination of biophilic
knowledge to communitics as this has the cffect of changing actitudes
(Beatley, 2011; Newman, 2014). This approach should encompass educating
the communities on all the benefits of supporting greening of cities besides the
cnergy consumption reduction and cooling aspects. For imstance, the city of
Vitoria-Gasteiz in Spain initiated a programme to cducate residents and
school  children about the importance of mamre and this  ncduded
estblishment of an Atarla Naowre Resource Centre, near Salburua wedands
(Beatley, 2011). In addidon, the Smte of Flonda in Amerca, with the
Backyard Wildlife Habimt Programme, admimstered by the Florida Wildlife
Extension Service has also conduced a commumty educadonal project
biophilic urbamsm (ibid.). This shows that governments and local authornties
promote the greening of ates throngh collaboration with conmmunity-based
organisations.
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The adoption of biophilic design and urbanism to reduce energy comsumption
in cdes, among other issues, is also enhanced through influendng buile
environment professionals and policy-makers. Past studies suggest that these
stakcholders can be influenced by imparting envirommental education on
biophilic cities through various means {Beatley, 2011; Beatley and Newman,
2013; Newman, 2014). Further, the incorporation of biophilic components in
the curriculum of built environment degree programmcs has been seen as
important  (ibid.). Besides that, literature review shows cthat  the
implementation biophilic pilot projects in Chicago has facilitated the buy-in of
greening initiatives by urban mamagers and policy-makers 1 the city (Beatley,
201I1). Thus, there 15 potenoal in using creative solugons to gain the much
needed official and political commitment and support in the greening of cides.

The implemenmoon of green anes imbatives can be promoted by adopung
proper planning, design and bulding standards. Evidence from lterature
shows that several American cities have ntroduced planning and building
codes that mandate the installadon of green features and promote biophilic
designs and urbanism (Beatley, 20115 Kellert and Calabrese, 2015). Further,
the planning smndards of Chicago, Baltimore and Montreal encourage the
greening of all street sides and public open spaces (Beatley, 2011). In relation
to this, other cities across the globe like Dublin (Ireland), Hannover, Vitoria-
Gasteiz, Boulder (Colerado), Singapore and Cape Town, have also prepared
city-wide diversity greenming plans  te complement the planning and building
design standards in guiding the greening of cities  (Beatley, 2011; Newnman,
2014). Singaporc is also an cxemplar of how sound planning, good
regulations and strategies are pre-conditions for successfill biophilic urbanism
(Newman, 2014). Previous rescarch also shows that incentives and subsidics
are necessary for promoung the greemng of cties as this has worked for
Chicagn and Pordand (Beatley, 2011}, This shows that the success of
brophilic imuatives 1s dependent on a combinanon of sound urban planning
and design accompanied by mcentves and subsidies.

Literature also suggests measures for addressing the resource constraints that
affect the greening of cities with the aim of tackling high temperatures and
other issues (Burukhina, Tsarkova and Maltceva, 2020). For instance,
municipalities are recommended to commur five % of their budgets to cover
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biophilic related activities (Beatley, 2011; Beatley and Newman, 2013;
Newman, 2014). Besides that, local authorities are encouraged to collaborate
with exising organisations involved m biophilic conservation activities. Past
studies indicate that US citics and Singaporc collaborate with scveral
organisations that provide them with invaluable complemenrary support in
their greening programmes (Beatley, 2011; Beadey and Newman, 2013;
Newman, 2014). In 2012, Brisbane in Australia managed to plant two million
trees with the support of parmers who have inrerest in biophilic mnitiatives
(Beatley and Newman, 2013).

In addition, some cities have developed their resource mobilisation capacity
for greening programmes. This is the case with Dublin, Ireland; Boulder,
Colorado; Singapore and Cape Town that have developed metropolitan
diversity plans being  used to harness resources for implementng greemng
projects from  partners  (Beatley, 2011; Beatley and Newman, 2Z013;
Newman, Z0I4; Rvan et al, 2014). These efforts have given credence to the
old saying that, ‘resources follow plans’. Generally, there are limited resources
o support mumcpal activities, including biophilic programmes, but with
judicious planming, more resources can be unlocked from partners.

Past studies show that ccological challenges to biophilic activities, particularly
the shortage of water, duc to droughts, can be counteracted through the use
of drought resistant planes (Beatley, 20113, Other muincipalities have imvested
in collaborative rescarch into sustaimable urban metabolism by asscssing wavs
of relving o internally generated resources including recyeling various types
of wastes (Srewart-Pollack, 2006; Beatley and Newman, 2013; Newman,
2014). These efforts have led to the use of both urban solid waste and grey
water to support greenspace initiatives in the face of dwindling water
resources (ibid.). Literamure emphasises that proper utlisation of water needs
to be accompanied by mnnovation in the water supply infrastructure (Zintunya
and Sango, forthcoming; Newman, 20I4). This shows that the
implementation of biophilic activities can be improved through adaptive
practices backed by collaborative research wirh various institutions.

METHODOLOGY

The smudy adopted an exploratory approach, making use of desktop review
and key informant interviews with purposefully selected persons m relevant
central government departments and local authorities. The collection of data
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was premised on the relationship beoween nature integration in residencial
neighbourhoods and heating and cooling energy requirements. Desktop
review, based on the analysis of existing literature and the analysis of relevant
documents through wlich the design of residential neighbourhoods is
informed and guided. Interviews with key informants playved a complementary
role in the data collection process to cnsure that the data from desk review and
document review is rehiable and valid. Thus, interviews were conducted with
provincial offices of planming, the Mimstry of Enviromment and the Ministry
of Enecrgy. While the review may nor be exhaustive, it provides adequatce
informaton to provide insights and lessons the relanonship between biophiha
and heanng and cooling demands.

RESULTS

This section is presenred under three main themes. The first theme presents
findings regarding the shortfalls of the residential design and legal frameworks
in providing for adequate distribution of open spaces and tree plantings. The
sccond theme focuses on the implementation of biophilic urbanism — the
actors, institudonal arrangements and challenpes and opportumities. The third
theme presents findings and discussions on the extent to which biophilic
urbanism can lead to reduction in heating and cooling energy demmands.

Birchenough Bridge 15 among the fast-growing growth points in the country,
attracting people from surrounding rural places widh different backgrounds.
The estabhshment of Birchenough Bridge was 1n hine with the government’s
thrust of the growth point policy, which sought to provide services closer w
rural areas as a way of combanng rural-urban migranon and encouraging the
growth of miral places. The growth points were to graduate into towns as is
the case of Gum among others. Like any other urban centre, Birchenough
Bridge Growth Poinr falls under the guide of the national energy policy of
prioritismg the generation and use of renewable energy and efficiently using
the energy. Water supply is the responsibility of the Zimbabwe National
Water Authority (ZINWA) and respective local planning authorities. The
local authoritics provide reticulation pipelines to individual stands.

The Layout Design Manual and Circular 70 of 2004 guide the design of
residential lavour plans in the study arca. Both the design manual and the
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circular were prepared by the Ministry of Local Govermment and Public
Works to provide a guiding framework to good practce for designing
neighbourhoods, liveable and environmentally friendly. Concerning  the
provision of open spaces, the layout design manual provides for publhic parks
and “open spaces™. The matmal speafies that 1.2 hectares of land should be
left vacant per every 1,000 people and that consideration for public parks
placement should be guided by the difficultics for developorent by the site and

being accessible to service vehicles.

Two issues come out of this specification. First, most layouts are designed
without information of the household size. This means that the decision is on
the size of land to allocate for public parks to meet the standard of 1.2 hectare
per LOOO people. Secondly, the critera for the selection of space for public
parks 1s based on economic rationality of reserving cheap land to develop
against that land for other purposes, other than public parks. The manual also
rccommends that 5% of the toral planning arca should be devoted to open
spaces. An anmalysis of this guide to public park provision indicates that
designers can make use of peripheral spaces as public parks and open spaces.
Whilst this provision shows an acknowledgment of the importance of public
parks as recreational and green spaces in neighbourhoods, the emphasis on the
economic ratonale n allocating space for public parks and the less precise
method of determimng the size, makes this provision imadequate to meet the
requirements  for biophilic urbamsm  and  the expected microclimabc

modifications.

The study arca has some planned and unplanned developments. The study
focused on the planned areas since they provide opportunities for biophilic
urbanism implementation and enforcement of the various principles of the
concept. Figure 1 is a layout diagram for the study area, that shows the
propased developments at neighbourhood level. The distnbuton of open
spaces — as indicated o the layout plam — inclined w the peripheral areas of

the layout
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Figure 1: Layout plan for one of the residential places at Birchenough Bridge

According to the design manual, spaces should be reserved for a primary
school and pre-schools in every neighbourhood of 500 to 700 residential
stands. The manual also gives an outline of the road hierarchy in the design of
residential neighbourhoods. Circular 70 of 2004 also sets the minimum
standards for roads, minimum stand sizes and minimum building lines in
residential areas. Circular 70 of 2004 also provides restrictions of the buffer
requirements for major rivers and streams, among others. In line with the
provisions of biophilic design, schools provide suitable spaces for tree planting
and other forms of soft landscaping. The minimum road sizes prescribed by
the circular for high-density development is 10 to 12 metres. Usually, the road
servitude carries utilities, such as water, electricity, gas and storm water drains.
It the biophilic urbanism concept, which calls for tree and grass plantings
along streets, is to be adopted, the 10-metre road width is not suitable. It will
not have adequate space to accommodate the carriageway, storm water drains,
especially, in the study areas where flash floods are common, utilities,
pedestrian walkways and tree and grass plantings. However, the building lines
provide allowances for tree plantings on the plot, enhancing the possibility of
applying the biophilic cities concept.
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Birchenough Bridge is one of the growth points in Zimbabwe whose
economic base is agriculture. The agriculoural activities are dependent on
irrigation from water extracted from the Save River. It is located along the
national highway that connccts major citics in Zimbabwe, Harare, Mutarc,
Masvingo, Chipinge, Chiredzi and Checheche (another growth point) and
South Africa and Mozambique. A combimation of the agricultural activirics
and the strategic locanon along the major highways makes Birchenough
Bridge attractive to other cconomic activities, particularly trade of agricultural
products and clothing. With an increased rate of rural-urban migration,
Birchenough Bridge Growth Point has seen a rise in population and
subsequendy a demand for residential space. This makes the growdh poinc an
important development in Zimbabwe as it contributes to the growth of the
country economically and soaally through the expansion of services. Whilst
the growth of Birchenough Bridge has posiave effects to Birchenough and the
surrounding communities, the combined effect of the cimatic condigons and
the microclimatic conditions created by the emerging nrban environmenr,
increases the energy demands, for heating and cooling.

Birchenougl Bridge is characterised by low rainfall patterns and high annual
average temperatures (22.5°C) which makes the area generally very hot during
the greater part of the year. The combinaton of low rainfall and high
temperaturcs makes it difficult for trees to grow and survive. As such, the
vegeration cover is sparse. The combined cffect of sparse vegetation and built
up arca increases the reflective capacity of the arcas and the surfaces to absorb
and retain heat. This makes the arca hot, making habiration in and outside the
buildings uncomfortable. To improve thermal comfort, people use artificial
cooling systems, such as air-conditioners and fans. This nakes cnergy demand
for coohng in the area higher than in other urban places whose chmanc
conditions are not as hot as Birchenough Bridge.

Morphologically, the bultup area 15 generally low-demsity  development
according to the layout plans. The stand sizes in the area are generally medium
and low densities (300 square metres and above) with one storey buldings.
The building designs are not unique to reflect the climatic conditions; they
resemble designs in any other town or aty in the country in terms of materials
used for construction, window types and sizes and roof types and materials,
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that is flat, parapet, heaped and/or gable with either corrugated iron sheets,
asbestos or clay tiles. The painting is not also reflective of the climatic
conditions as there is no dominance of light colours, but a mixture with dark
colours whose heat absorption capacity is high. The low-density nature of the
existing developments makes the cooling needs difficult to meet and the
building types, materials and roof types and materials leave artificial heating
mechanisms as the only options to improve thermal comfort in the study area.

Table 1: Characterising the Study Area (Research, 2020)

Item/Issuc Current State Comment
Demand for | The high demand in accommodation
accommodation (rented | results in shared accommodation by
and owned) is high. different households. This increases
High uptake of planned | the demand for energy consumption
. stands and growth of | per house.
Housing . . .
Needs unplanned housing | Some unplanned housing
) developments  within  and | developments are  connected  to
near the Growth Point. clectricity and compete for energy
with the planned developments. This
increase demand for energy in the
Growth Point.
Electricity connection in | Infrastructure plays a key role in the
some parts of the growth | use of ecnergy. Reticulated water
point (residential) requires energy to pump to the min
Water reticulated on some | water works. The telecommunications
stands within the Growth | boosters also require electricity. These
Point. requirements for electricity add the
Gravel access roads to all | demand for energy in the Growth
Infrastructure planned stands - no | Point.
surfaced roads except the
national road that passes
through the Growth Point.
Bridges -  Birchenough
Bridge and Maunganidze.
Telecommunication
boosters.
Trade (agricultural | . . e
: Economic activities in the centre
products, clothing, spare . - .
L0 . require energy for various
parts, fast food, wholesaling 7 .
o enhancements. These include
and retailing) - . . N
. . powering devices, such as tills, POS
. Agriculture — horticulture . ..
Economic . . machines, refrigerators, cold rooms,
. Tourism (bridge) o .
Activities . among others. Lighting, heating and
Accommodation (guest . 2
cooling are some of the energy
houses) . - . =
: . . . requirements for economic activities
Light industrial (sewing, | . . .
. . in the area and powering machinery
welding, repairs, carpentry . S
etc.) 7| used in the light industry.
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Energy Types

Renewable - electricity,
solar  power on some
buildings, LD gas
Non-renewable — firewood,
paraffin, coal.

The types on energy vary from one
houschold to another. Electricity is
the major source for all stands,
connected to electricity whilst solar
cither complement or is the main
source of energy for lighting and
entertainment  in some  houses.
Firewood is also a major source of
cnergy in the area.

Energy Needs

Cooking

Lighting

Heating and cooling (air-
conditioner, fan,
refrigeration, heater)
Industrial

People cook; need light and cooling
for improved thermal comfort in the
study arca. These energy needs can be
met through the different types of
energy. Thus, some use solar energy
for lighting and entertainment and

then use firewood and/or gas for
cooking.

As argued before, the requirement for 5% open space can be met but
distributed in a manner that does not allow the implementation of biophilic
urbanism. The road width (minimum of 12 metres), however, allows for tree
plantings, bringing vegetation closer to houses to enable tree canopies to
provide shade to the buildings. The layout also reserves spaces for schools.
These present opportunities for the densification of trees, increasing the
opportunities for integrating nature into the neighbourhood.

DISCUSSION

Findings reveal that the implementation of the biophilic urbanism concept
requires a multi-disciplinary approach. These can share responsibilities in
terms of regulation, landscaping (tree and grass planting) and management or
caring for nature (Burukhina, Tsarkova and Maltceva, 2020). According to
the research, the local authority can enforce the preservation of existing trees
and planting of new trees and grass within the neighbourhood. The
neighbourhood inhabitants can also play a role in planting grass and trees
within the plot and immediate surroundings. However, a guide is required to
ensure conformity to the requirements for development in the
neighbourhood. Birchenough Bridge being a hot area, frequent watering of
trees and grass is required, hence, ZINWA, that is the water supply authority
for the area, is a key stakeholder in in the biodiversity plan to ensure that there
i1s enough water to irrigate the trees and grass. Thus, from the findings,
landscaping, through the guide of a landscape or biodiversity plan, is a
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requirement for successtul implementation of the biophilic urbanism concept.
Actors In water provision are an important mclusion in the implementation of
the biophilic urbanism concept.

Planting: trees in the study arca influences the microclimatic conditions. As
indicated earlier, the sparse vegetation coverage has an effect on the amount of
solac radiation that reaches the ground surface, effectively raising the
temperatures. Biophilic urbanism is anchored on, among other practices, the
planting of trees and grass along streets and on plots, among other places in
the neighbourhood. The tree leaves provide shade, which reduce the amount
of solar radiation that reaches the ground as some will be absorbed by the
leaves during photosynthesis and some reflected into the atmosphere. This in
turn reduces the heat mansmitred nto the buldings by 11 we 25°C (U.S
Envirommental Protection Agency, 2008).

The dry condinons of Birchenough Bndge contribute to the high
temperatures. Bringing trees closer to houses, the microdimane conditions
can modify temperatures. The trees and vegetation absorb water through the
roots and emit it through the leaves (tramspiration). Using heat from the air,
trees cool the air through cvapotranspiratdon. Studics show that suburban
arcas with mature trees arc 2 ro 3°C cooler than suburbam arcas. I a similar
rescarch, shading the building reduce the air-conditioning demand. Thus,
Biophilic Urbanism, through greeming the neighbourhood, can reduce the
cnergy meeded to cool buildings.

CONCLUSION

The study concludes that the link between biophilic urbanism and emcrgy
demand in residential places is not well understood. This 1s deduced from the
obscrvation that there is no provision for landscaping or greening of
neighbourhoods in the design and legal frameworks guiding the design and
development of residennal areas. The implementation of biophilic urbanism 1s
a muld-sector activity, that requires mulople actors at all scales ranging from
the neighbourhood to the plot and, those who provide water and water
mnfrastructure. As such, bophihic urbamsm goes bevond layout desigimnng to
include, but not limited to, landscaping or biodiversicy planmng. This will
create conditions for the modification of the neighbourhood microclimate.
However, biophilic urbanism modifies the microclimate of a neighbourhood if
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the principles of the concept are followed. This improves the thermal comfort
of residendal neighbourhoods and  within  the buildings  therein.
Recommendations made in this article are that:

e The manual and dreular that guides the design of residential layout
plans should be reviewed if biophilic urbanism is to be adopted as a
meastre of reducing the energy demand, improving the acsthetics and
protecng the environment in residential places.

e The manual and dreular should clearly specify how the open spaces for
greening should be distribured and treated ro make sure that networks
of green spaces arc well distributed within the neighbourhood.

e  Awareness should be made on the roles of the various smkeholders in
greemng cties and for the stakeholders to kmow the importance of
nature in residential neighbourhoods.
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