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ABSTRACT
Real-world insights to conserve water in constructions withou 00 embodied energy
meet sustainable development goal 12, specifically in irsty world. The study aims

op-impacting embodied water
elves into the appraisal of ‘threats’
io manager technique. Not only was
by almost 30% achieved, but also, the
sers have significant pragmatic worth. While

the recommendations base is r-energy nexus and retains societal interests;
indeed, the methodology, implications are global and replicable. The experiment
meets the three pillars o ab1 thereby remarkably boosts the sustainable building
practice.

KEYWORDS
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inable development goals (SDGs) align with energy and water efficiency.
DG 12 talks about responsible consumption and production, which relates to

revamped production processes and the construction sector. Energy consumption in the
production of building materials and life cycle energy use in buildings have been intervened
sufficiently [1]. Building professionals choose materials based on low embodied energy (EE),
which demands minimum operational energy during the occupation phase of building life [2].
However, the freshwater crisis is a priority on the agenda. Indeed, life is impossible without
water. Responsible water use is vital to meet sustainability before it is too late. SDGs also
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greatly emphasise the availability and access to water. Endangered future water availability
stimulates climate-resource nexus studies [3]. Thus, water-energy nexus exploration is the new
normal in scientific research [4]. Integration of energy-water-centred planning is required to
promote sustainability [5]. There are sufficient energy-water-carbon [6] and energy-water-food
[7] nexus studies at the urban level. Alternate and renewable energy sources of water and
energy production are in contention [8]. Although product water footprints have also emerged
in the last 10-15 years [9], only the operational water required during the building occupancy
phase is somewhat intervened in countries like Australia [10]. Meanwhile, given that the
constructions consume 1/5" of the globally accessible freshwater [11], which is of
predominantly potable standard, embodied water (EW) research is strikingly negligible.

negligible monetary value of water vis-a-vis energy.
India has access to only 4% of global freshwater but accounts for 1/4"

ystem in the
Indian cities, the plethora of new houses in the peripheries presents a hefty
challenge to contain Asa result conventional houses are tagndONitmggonstruction type in the

while water supply charges are neghglble Or mana g nil. Water purchased through
tankers for construction was rare but is incrg@8in3 \n many locations with the dip in
groundwater and some strictness on diggin ewells. However, the intervention

in conventional houses is bleak, esp ¢ EW point of view, as care and
unaccountability towards water use i ns have never been considered. Given
the ongoing infrastructure develoflinent andNgequirements in India, intervention in its
e dgunt energy and water consumption [1], [17]-[20].

1 heir life cycle is termed the lifecycle EW of
buildings, which is simila gnology. However, in general terms, all water used in
material production apg won W termed ‘embodied water’ or ‘materials embodied
the cradle-to-gate lifecycle phase ‘embodied water’.

approach advocated by ISO 14040 frameworks including

§ construction project is selected as a product. The fact that use
the building has largely been looked into by researchers for energy and
ons, the construction phase, and specifically the phases prior to that
particularly for EW assessments. Even though few authors [20], [22] could
more phases together i.e. cradle-to-gate, gate-to-site, and construction phases
ere are very scant studies on EW and talks about one LCA phase, for example,
cradle-to-gate [21] or construction [23] phase mostly. Hence, due to data unavailability issues
involving water consumptions in the construction projects, attempting cradle-to-grave LCA
studies remains missing and like-wise the current study looks to outline the consumptions in
the larger perspective of the aim envisaged for cradle-to-gate phase only. Nevertheless, EW
studies being a nascent and scant research area, the study stimulates the knowledgeable
audience to foster new interventions. The fact that energy-water nexus is looked into, the study
is definitely a worth addition to the weak research bank, while lack of data availability for
energy-consumption data further insists to carry the study for one LCA phase (cradle-to-gate)
for the time being.
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Figure 1 illustrates various lifecycle phases for a construction project from the view of EW
and EE assessments. It also outlines the phases involved for a generic LCA approach for a
product. Figure 1 categorically details the life cycle phases involved in a building construction
project through visuals and markers. The phase-wise impacting parameters for EW and EE are
also outlined, while various various types of direct and in-direct consumptions involved in the
construction project are also defined for each of its life cycle phase. As illustrated in Figure 1,
cardle-to-grave assessment involve a combination of cradle-to-gate, gate-to-site, construction
phase, use (operational phase) and demolition phases. Lifecycle assessment studies, both for
EW or in general for any product, generally also take into consideration the direct and indirect
resource consumption attributed to humans involved in the entire process. Accordingly,
humans emerge as a vital component in all the lifecycle phases in the current study g% Figure
1 illustrates. Indeed, cradle-to-gate and gate-to-site are invariably grouped as cragle-j@-site
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Figure 1. Buildings’ lifecycle phases and detail of study’s system boundary

phase. Alternatively, cradle-to-site phase is also known as pre-construction phase. As justified
for the data availability reasons and specially to outline water-energy nexus for a construction
project, the current study considers only cradle-to-gate phase as highlighted in the bottom-half
of Figure 1.
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The literature also signifies that the terms ‘virtual water’ [24], ‘indirect water’ [25], and
‘water footprint’ [23] were also coined for EW for differential system boundaries of building
construction. The water footprint also includes grey water footprint (polluted water) [26].
However, the construction water footprint is limited to the blue water footprint (freshwater
consumption). A 2022 study [20] exclusively defined the term ‘embodied water’ for building
construction projects and boundary conditions. The study also put forth consistent terminology
for the unit material-wise consumption quantities termed as ‘embodied water coefficients
(EWC)’ to remove the intricacies of different terminologies used in the past water footprint
intensities (WFI) or water consumption intensities (WCI). As it turns out, subsequent studies
from Australia[27], India[21], [28], and the USA[11], [29] manifested the same terminology
use, and thus, the EW domain is streamlining for the better. Carrying forward the sistent

studies even with a single building, The current study incorpe
Contributing to scarce EW domain is realistically nascent
at embodied energy-water nexus with the larger aim to
stimuli to advance the sustainable built environment resear
The various main sections of the paper are:
e Introduction, study’s aim, previous rese , area.

e Materials and methods.
e Results and discussion.
e Conclusion, followed by ackn t, r8f€rences, and appendix.

Qi)
the ature gaps of the domain exclusively explained in

makes the study a worth

Aim of the study

The evolution of the stud
the following sections. Thé
offsetting of EW & i
policy insights that

The study ai
insights to
objectivesy

c@imparatively the best predictors (in materials and construction practices) in
exus aspects from the site data.

involving local stakeholders.

tabulate design considerations and preliminary policy interventions vis-a-vis
observations made and inputs of local experts, which also caters large societal diversity in
income levels.

The study is a significant boost to the scientific knowledge bank in the following manner:

e Not only is the scant EW research contributed, but the outcomes’ base is also EE. EW-EE
nexus is focused on seeking better sustainable building solutions.

e The experiment has an underlying pragmatic prerogative of local-centric insights, and its
implications have enhanced real-world applicability and embraceability. Locals-both the
houses’ owners and workers, local construction practices, their varied economic levels and
corresponding material preferences are intervened.



e The study also stands out in not seeking alternate & non-native solutions vis-a-vis their
fitment in onsite realities. Only the prevailing construction techniques are evaluated and
tweaked towards goal-seeking, with the understanding that prevailing practices are locals-
centric and are there to stay for a more extended period.

e Based on the EE-EW nexus, Architecture plus design (A+D) decision-making through
scenario manager application with local experts’ involvement makes the experiment
notably novel. Never such realistic leads for varying kinds of the societal lot were sought.

e The evolution is comprehensive in augmenting sustainable building practices. It meets all
sustainability dimensions-environment (EW-EE nexus), socio-cultural (locals’
preferences & native practices) and economical (varying economic levels of locals).

e Because the experiment is simplified and field-specific with commendablegf€al-world
application, it is inevitable to replicate it across regions of varying contexts ance
sustainable building practices further.

Previous research

rejuvenated approach for EW assessment in dev Nt xplicitly considering the low
monetary value associated with water, is arg th Indian study[17]. A 2022 study

ontexts and regions. A USA research
] in recent times using the stable and
developed economy of the USA thgotgh a logy better known as input-output analysis.

Auditing all the producig teps is almost impossible, which returns
underestimation in the ‘procg e assessment method’. Contrary to the bottom-
up assessment involved t methodology, the top-down assessment approach
often overestimates cq nown as ‘Input-output’ (I-O) methodology. Including

-based I-O data is invariably unavailable. At the same time,
another question in the present world order vis-a-vis stable

comparable in the field scenarios. So, an accurate picture of water
It to achieve with the I-O method in the Indian context. Given the present

afe a fitting way to go in developing countries. The bottom-up approaches of EW
[37] assessment were also observed for Indian constructions.

Most EW studies before 2022 focused on quantitative assessments as EW contemplations
bear a toddler and exploring research status. However, few could foresee the EW linkage to
energy at the building level and attempted EW-EE nexus studies. Proponents have recently
outlined the carbon-energy-water nexus for building construction [11], [21]. Table 1 details the
various construction EW studies that involved its nexus to EE and embodied carbon (EC).
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Table 1. Literature of embodied water-energy nexus studies

Study Building Country Components Significance and Outcomes
types covered covered in each
study
EW EE CE
[28] 03 v na Results are the average impact
conventional of the two databases. Outcomes
houses promote the wuse of global
databases in any context. EW
and EE share a weak inverse
India correlation.
[21] 04 low-rise N4 N4 N4 Used EPiC
masonry )
houses are
related y requires a
[34] 05 v v na EW was also
institutional and EE are
buildings ] lated.
[11] 04 university N4 N4 N4 A WO benchmarking data-
buildings ed study. A decrease in EE

[29] 0lgeneric N4 ¥4 v
reinforced
concrete
building

[38] 01 ikA v v v

bulding

[39] Building v v na
materials
only.

may not offset EW much. EW
offsetting needs special efforts.

The study analysed the 05
different  configurations in
concrete and steel of a generic
building. Computations used a
hybrid model based on USA’s I-

O data. Results show that
horizontal building
configurations uniformly

benefit EE, EW, and CE more
than vertical ones.

Study basis is [-O data of
USA economy. Total CE and
EW are positively and strongly
correlated at building level but
weakly correlated at material
intensity level. EW should also
be a criterion behind selecting
building materials alongside EE
or CE.

The study aimed at
examining trade-offs between
EW and EE in selecting building
materials. Outcomes indicate
weak correlation between EW
and EE for materials. Material
selection in construction is
therefore decisive.
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[40] 10 higher v v na Total EE and electricity EE

education shares a direct and positive
buildings relationship with total EW.
However, relationship

considerably ~ weakens at
material-level. EW reduction
needs significant efforts beyond
reducing EE alone.

[41] 01 higher v v na The study aimed to assess
education trade-offs between energy and
building i

[42] 01 Australia V4 na
commercial [-O  data.
building buildings are

Sgificantly EW and EE
enriched. The assessments’

accuracy rely on data quality &
& availability.
EW- Embodied water EE- Empsdjcd Shgrg CE-Embodied carbon emissions
thwesearchers are more inclined to EW-EE nexus
da the USA’s developed economy. Indian studies
i apgroach for developing economies, and process-based

1es were performed. However, both USA and Indian
correlation, but in-depth findings at the material level

Table 1 clearly illustrates t
research but consistently usg
[21], [28] showcase the
assessments following

between EW-EE and other global efforts remains consistent with those of other
s. Through Table 1 studies, not only is the importance of EW outlined but it is
found that conserving EE measures over the decades is insufficient to have EW-conscious
buildings [39]. Henceforth, EW-conservative buildings demand fresh and innovative insights
from building researchers, as Table 1 studies uniformly seek for.

The water-specific focus remains out of consideration in most building-specific research
and field contributions [13]. While the trade-offs between EE and EW have been predicted [48],
the direct or indirect linkages between EW and EE need consolidation. Another limitation of
the literature calls to advance the EW quantifications to the corresponding measures in the
Architecture plus design (A+D) phase and policy-level decision-making. Indian EW studies of
2022 [20] and 2024 [28] relate quantifications to some extent to A+D measures. However, a
concrete approach or evidence remains elusive. A recent study from the USA sees the linkage



of building surface aspect ratio to resource consumption [29]. An Iranian research group
established the EW assessment for building typologies based on various building elements [49].
Through a follow-up study, they outlined the sustainability of Iranian vernacular architecture
based on water consumption parameters [50]. The fact that researchers see the worth even in
assessing drinking water consumption by construction workers during the onsite construction
phase [51] is worthy enough ground to contribute more and more EW studies. While
proponents [40], [41] argued that EW conserving design measures would increase EE and vice-
versa, seeking EW & EE conscious design decisions is novel. No study has focused on the real-
world applicability of EW-EE nexus-based design decisions, taking various local strengths and
varying users’ economic levels as one size doesn't fit all. So, furthering design insights to user-
level and policy-level actionable takeaways return invaluable takeaways towards 2 SDGs
and strengthen sustainability practices.

Study area

The study explores conventional houses in Jammu. The city is on cq
urban centre of modern India, specifically after 2019’s Article 370 3
location suits education, business, and safety vis-a-vis other parts @
union territory in India. The rising peripheral houses, built b
Jammu, are primarily low-rise conventional houses. Rarelyg
specifications followed in their constructions. Indeed,
owners, volunteer for the design and construction decisi®
houses of Jammu have already proved high in
consumption numbers are worse if the share of

population to
@ S @ented mixes and
3 gsultation with house

[52] consumption. The
mter and energy and the water

. Bgta r&eals a 30% leakage attributed to
Jammu city’s water supply [19]. Table 2 o o t details of the three houses, herein

Description CJH-2 CJH-3
Plot Area N 125 m 250 m? 116 m?
Total constructl 107 m? 380 m? 105 m?
Number of 2 1
Buildin Stand alone family house in plotted development
Location Jammu
Prqje ear 2021 2022 2021

yp C Composite (few RCC columns with load-bearing ceramic

brick walls)
Corfegeteinixing In-situ
-
MATERIALS AND METHODS

The following sub-sections detail the research design in terms of methods, tools, system
boundary, scope & limitations. The inventory and impacts are elaborated before leading into
subsequent stages, as per the followed ISO frameworks.

Methods

In principle, both ISO 14046 LCA [53] and water footprint network methodology are
similar for water footprint assessment. The only difference lies in the dissimilar objectives of
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quantitative assessments and results interpretation. The current approach extends the same
water footprint approach to the EW assessment and includes interpreting results. A similar
chronology of assessment also exists for environmental management-based ISO 14044 LCA
methodology [54]. Hence, following the joint preview of the EW and EE-based assessment
methods and generalised steps for LCA, the detailed study methodology is framed and
illustrated in Figure 2. As also literature shows, the current study only follows the verticals
defined by the ISO frameworks as Figure 2 illustrates, keeping in view both EE and EW
assessments together, along with the scope and limitations. The impact categories are framed
as common ones for EE and EW and range from outlining the consumptions at the unit level
and aggregate level to further focusing on per unit construction area of the houses taken, as
subsequent sections explain.

., hapes
outline the primary operations under each vertical in chronological order, as % the

quantifications are carried out. Afterwards, the impacts are assessed i D pacting
materials, which leads to further inferential analysis through s % ]

Finally, various scenarios are framed and compared with the bagg c3 d@duct te pertinent
insights. Figure 2 illustrates the overall methodology in detai%

Tabulate

Calculate

strategies

EE quantity

Devise
Scenarios &
identify
fitting cases

To assess EW
& EE for
cradle-to-gate
LC phase

Calculate
EW
quantity

Deduce Base
case
(aggregated)

Outline
impactful
EW and EE
materials

A+D & Policy
decision
making

Figure 2. Detailed methodology illustration

N\

Defing e boundary conditions

The boundary conditions are chosen to understand the EW and EE impacts in the pre-
construction phase. It comprises materials selection, A+D, and other preferential decisions
influenced by economic affordability and policy impositions. So, as already discussed, the
cradle-to-gate lifecycle phase of construction is covered, while the construction, occupation,
and demolition phases are kept out of scope, as Figure 1 explains. Figure 1 depicts conventional
house construction's various life cycle phases vis-a-vis EW and EE consumptions. The
different parameters involved for each of the life cycle phases are shown. As highlighted, the
study boundary is accentuated precisely in Figure 1. As the literature encourages, the various
processes involved in the cradle-to-gate phase are holistically covered by consulting EWCs
and EECs-but specifically from the Indian ones. The building furniture, furnishings, PVC
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conduits, and sanitary fixtures are excluded from the material inventory, while the inventory is
up to the ready-to-move-in phase of the houses, including external plot development. As
discussed, the boundary is limited to 10 top impacting materials, as previous studies and local
experience urge.

Tools and techniques

The action research study uses the following tools and techniques:

e A generalised assessment chronological approach as provided by the ISO 14044 and ISO
14046 LCA frameworks.

e The scenario manager technique tweaks the prevalent material combinations and
construction techniques to offset EW and EE simultaneously.

and consistent site visits.

e A cross-sectional technique is used to select the houses completed
data collection. It ensures that the selected houses bear a rescaa
factors like climate and simultaneously are not located at dista
Besides being constructed in almost similar calendar
representatives of the local conventional constructions.

e The approach centred on sustainable developmen, tHOugMiwcals’ participation to
seek local-centric design decision-making & other r Ory Myjerventions.

e Data charts and tornado plots were used for 3 is anM\data interpretation.

e The assessments referred to the latest Indi
coefficients.

Scope and limitations

The exploration is limited to the ¢ haSe, only considering material quantities for
EW and EE assessment. Energy atftibuted to the complex bottom-up production
steps is interpreted using embo ater coefficients from the latest Indian literature.

The analysis banks on thre ams the hterature evidence of 1nV01V1ng even one case in

the local expert’s assumptions-based material quantities in the scenarios
lesser use of documented mixes, specifications or technical inputs during

re kept out of scope, while the scenarios that intervene in the onsite construction phase
are also kept out of consideration. For devising the scenarios, the average of the three cases is
taken as a base case rather than any case from the literature. With an understanding that there can
be other scenarios, the experiment is limited to 10 pertinent scenarios with the available experts,
time, and other resources for this study. Moreover, a lasting attempt is made to consider varying
societal sections economically to assess and improvise the ongoing building regulations, policy
reforms, people preferences and A+D practices. Given that the cost implications of the solutions
still need to be verified, the study's potential scenarios are devoid of its economic viability check,
which can be considered a limitation.



Inventory

The exercise relies on precise inventory availability with the site owners/contractors, which
is seldom the case for conventional houses of Jammu. To arrive at the pertinent cases, survey
exercise had to access 90-plus houses, predominantly of those were already completed. The
data quality and consistency were highly prioritised in the entire exercise. Only in the selected
cases, the inventory was comprehensive and easy to relate with the physical construction for
verification. In addition, the contractors, masons, and the house owners were approachable for
queries we had for inventory formulations, wherever required. Authors have also attempted an
exercise to access the same houses and contractors involved by different set of observers in the
gap of six months’ time from initial selection of the houses. The uniform & satisfactory set of

to weather of the place. All the houses are located sufficiently close in
constructed almost in same calendar years; the weather impac
consumptions are taken as uniform in all cases. All the houses wd
conventional constructions. The materials, techniques and per,
the region vis-a-vis conventional house constructions.
Table 3 depicts the inventory for all the ten mate
disaggregated case, as collected by field investigations an
follows the functional units (FU) for the material qugatities
database values depict water consumption (in KL
herein specified as KL/FU and labelled as afbridg

er the database followed. The
ateMNal quantity (in FU) consumed,
ied water coefficients (EWC), as
tion of all complex ‘direct’ and
‘indirect” components involved in the pg iomprogess (including upstream processes and
humans involved) as Figure 1 show omp¥¥€d by both the bottom-up and top-down

LCA approaches (as applicable) tg algive at the fpal value. Notably, the material inventory is
available in conventional site ich atitimes differ from the functional units (FU’s) of
the database values consultedafoNgnd ¥ consumptions. So, such values stand converted

through standard conversig# ian materials to arrive at the corresponding values
in units in consonanceggm
in Table 3. For examf$ @ mgnt inventory is available in the ‘number’ of bags (50 kg each).
Accordingly, ung < {
However, steel (1@ )
EWCs (0) af€ fa¢d frdin notable Indian studies [20], [21], [28] in recent times. Besides the
material qyiSg FE0n for each house and the respective EWC, Table 3 also includes the

ption in aggregate case CJH-A, in the FU’s at par with the FU of the

Table 3. Material inventory for embodied water assessment

Materials Functional = House-wise material inventory in FU (Q) *EWC
Units [FU] CJH-1 CJH-2 CJH-3 CJH-A ‘o

[KL/FU]
Brick Numbers 22000 42000 20000 84000 0.0053
Steel bars Metric 2.5 8 2.3 12.8 98.6400
Cement tonnes 22 55 19 96.0 8.5200
Sand 119 410 82 611.0 3.5700
Coarse & fine stone M3

aggregates (S_A) 111 335 108 5535 3.5000
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Ceramic/Vitrified

tiles (C_T) 111 249 78 437.6 1.1200
Float Glass M2 23 11 30 64.0 4.1480
Security Glass 0 88 0 88.3 15.4800
Paint 1593 3348 1582 6523.0 0.2100
Plywood 24 345 17 385.8 4.0300

*Source: [20], [21], [28]

Like Table 3 above, Table 4 illustrates the material-wise consumptions for the aggregate
and disaggregated cases in similar units to the hybrid embodied energy coefficients (EEC)

used in Jammu. Table 4 supports calculating the EE for a house or all the
(CJH-A). The process also efficiently evaluates material-wise EE cog

Materials Functional House-wise material in%g
Units (FU) CJH-1 CJH-2

*EEC ‘B’
(MJ/FU)

294000 3[55]

Brick 77000 1470 00

Steel bars 2500 80 0 12800 30 [56]
Cement 22000 0 00 96000 6.4 [56]
Sand 1 104481

203490 140220 0.11[56]
Coarse &
fine  stone 1760\, SW978 163816 835554  0.05[57]
agg. (S_A) K
Ceramic tiles y Q 40 9944 3120 17504  8.2[56
C T) 2 [56]
Float Glass R 110 299 638 15 [55]
Security
Oiloes 1762 0 1762 30 [27]
Paint 142 298 141 581 80 [55]
Plywo 21 3205 158 3584 16'[5555]’

Impact aSseSSment

Th owing equations deduce the quantitative impacts of EW and EE.

10
EW = E - (@0)) Eq. (1)
i,j=1

10
EE = E - (B@)) Eq. 2)
i,j=1

Where Qj is the quantity of j-th material (among ten materials) and represented in
functional units (FU).
For better understanding, ) eq. (1) expands to eq. (3) below:

Journal of Sustainable Development of Energy, Water and Environment Systems 12
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EW = aq Q]_ + a, QZ + (04 Q3 S B o Q]_O Eq. (3)

Accordingly, Table 5 details the EW of each disaggregated house and the aggregated case
(CJH-A) in a couple of ways- material-wise EW consumption and total consumption
considering all the materials together. The material-wise EW consumption is depicted across
horizontal rows, while the total EW consumption of the cases is visible in the last row.

Table 5. Material and house-wise embodied water assessment detail

Materials House-wise and aggregated EW in KL
CJH-1 CJH-2 CJH-3 CJH-A

Brick 116.2 221.8 105.6

Steel bars 246.6 789.1 225.9

Cement 187.4 468.6 161.9

Sand 424.8 1463.7 292.7

Coarse & fine stone 387.1 1172.2 378.0

aggregates (S_A)

Ceramic/Vitrified 124.3 278.4 87. 2

tiles (C_T)

Float glass 95.4 45.6 265.5

Security glass 0.0 1366. 1366.9

Paint 334.5 703.1 321 1369.8

Plywood 95.9 .4 68.5 1554.8

Total EW (in KL) 2012.3
Similarly, Table 6 showcases the material@wi
for the disaggregated and aggregated case

76.6 11688.6
giimption and total EE consumption

Table 6. Detail of mat

Materials Houe-wise and aggregated EE in MJ
CJH-2 CJH-3 CJH-A
Brick 441000 210000 882000
Steel bars 240000 69000 384000
Cement 352000 121600 614400
Sand 77121 15424 114929
Coarse 8388 25199 8191 41778
36408 81541 25584 143533
3435 1650 4480 9565
0 52860 0 52860
11360 23840 11282 46482
3647 52883 2605 59134
Total EE (in MJ) 532421 1348093 468166 2348680

RESULTS AND DISCUSSION

As per scientific literature, the outcomes invariably depend on the EW and EE
consumptions per unit of the building's construction area as per the following sub-sections.

Embodied water and energy consumptions per unit construction area of the houses

Using total EE and EW consumptions of the aggregated and disaggregated cases from Table
5 and Table 6 and the respective total construction area, the consumptions are assessed per unit
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construction area basis. CJH-A represents the construction area of all the houses together.
Figure 3 illustrates the EW details. The relationship between EW and the covered area is not
prominent in the three cases. However, for the nearly 250% covered area increase from CJH-1
to CJH-2, the EW value only increased to 20.78 KL/m? from 18.75 KL/m? (10% only). At the

B Construction area [m2] EW [KL/m2]
25 700
592.45 P
600 %
20 s 19.73 L=
18.75 500 ©
5 16.92 o
£l 15 380.11 400 ©
] { =
X~ Re]
<] 10 300 5 (
= 200 S
5 107.34 105 g >
- - 8
0 0
CJH-1 CJH-2 CJH-3 CJH-A

Disaggregated and aggregated cases

Figure 3. Relating embodied water to houses' construction area

same time, CJH-1 and CJH-2 are almost similar i
10%. Several underlying reasons exist, includi
slabs (FAR and the ground coverage) an
relationship between the covered area an

dif¥gr in EW by an equal margin of
ce in finishes, the number of RCC
rooms. Nevertheless, a coherent

ian study finds 22.39 KL/m? for 27
study computed 25.60 KL/m? EW, but

the very high EWC of steel cq in $he study influenced the results, even though it
considered only three top-use i Another Indian study [17] covers 18 materials
and finds 16.7 KL/m? E e joant impact of Indian and Australian [27] EWCs. A
residential study from a try finds only 3.34 KL/m?, although it covered only

logies of different locations [49]. While the scope to
mparisons do not make sense considering the above studies'
eveloped countries like Australia involve more machinery in
material industry is heavily dependent on humans. So, the
ater use (UFW) in India also accounts to more EW consumption
involved. Examining the chronology of top impacting parameters like
ensible, as literature [28] also upholds.

ils the EE consumption vis-a-vis the construction area of the houses
s well as the aggregated (CJH-A) one. The total EE values in MJ are sourced

holistic preview
production, gk

returning a lesser EE of 3547 MJ/m? compared to smaller residences, CJH-1 and CJH-2. As
discussed, there are potential underlying reasons. EE per unit construction area in CJH-2 gets
reduced due to the distributed impact of high EE impacting foundation, as CJH-2 is a two-floor
construction. CJH-1 and CJH-3 involve single-storey construction only, while a greater number
of walls and partitions accommodate the needs of a family similar in size to CJH-2. So, both
the number of floors and walling material seem decisive. However, the EE vis-a-vis
construction area pattern is far more apparent than the EW case.

CJH-A returns 3964 MJ/m? EE. As per the literature, a range of 3000-5000 MJ/m? stands outlined
for the Indian context [58]. Other Indian studies also find higher 7350 MJ/m?[59] and lesser 2092-4257
MIJ/m? [60] EE for different system boundaries and varied construction materials. A study using the
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native and Australian EECs observes it at 7158 MJ/m? [28] while evidencing nearly the exact
chronology of top-impacting materials irrespective of the EECs used. Notwithstanding, prominent non-
Indian studies [61]-[64] report a higher EE than Indian ones and translate that increased machine
dependency on materials production overseas is counter-productive for EE regarding human-oriented
Indian manufacturing. As discussed, it leads to contemplating the impacts of the various materials on

B Construction area [m2] EE [MJ/m2]

700 6000

600 - 4960 °92.45
N === 4459 5000
E —

500
© 3964
0 ;3547 3964 4000 —
| 400 380.11 S
S =
o 3000 S
B 300 o

w
S
5 2000 W
2 200
107.34 105
Sl 100 1000
CJH-1 CJH-2 CJH-3 CJH-A
Disaggregated and aggregated cases
Figure 4. Variation in embodied_energy to diffgring construction areas
the EE or EW consumption per unit const clionwgea. 1t is feasible to have a material-to-material
comparison concerning the respective p€rcentage E or EW share in total consumption and work

es. Yo have brevity and simplification in the process,
e representative of the cases taken to see material-

towards doing more with less, as SD@1 1\gncour:
the aggregate case (CJH-A) is ondlf tak as
wise EW and EE impacts. %

Ny
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Materials-wise embodied water and energy consumptions

Figure 5 shows the material-wise EW consumptions in CJH-A (Table 5, last column) and
the total CJH-A EW consumption of 11688.6 KL, expressed as a percentage.

Steel bars
P|YWOOd 13.3% 10.8%

Cement 7%

Paint 11.7%
Sand, 18.7%

Toughened
Glass 11.7%

Float Glass 2.3% | Brick 3.8 %

C_T 4.2% S_A16.6 %

Figure 5. Percentages of material-wise embodied water contribution in the aggregated case

Figure 5 ‘pie chart’ clarifies th 'rexl}r)w the EW component. Sand and stone
aggregates top the impacts, followgd By plywood¥paint, and toughened glass. The result agrees
teel, Wwement and brick receded from the contention
concerning other materials indings of an Indian study[31], but it did not
consider other materials 1 as . Thus, this study's significant system boundary is

Similarly, Fi

values are derive@ usin
A

| Float Glass 0.4%

\ Brick 37.6% Toughened Glass
C.T6.1% 2%

Sand 4.9% Others 7.2%

Steel bars 16.3%
Cement 26.2% Plywood 2.5%

Figure 6. Percentages of material-wise embodied energy contribution in the aggregated case
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to have reversed in relation to the EW behaviour. Brick, cement and steel impacts top the list,
while others sway away significantly. The results align with the various EE studies [16], [58],
[65]. Comparing both the figures, the material-wise impacts are more distributed for EW
consumption (Figure 5). Interestingly, more than half of the materials seem insignificant in the
case of EE (Figure 6). It is inevitable to see a material-wise comparison for EE and EW.

Comparative materials-wise embodied water and energy consumptions

Figure 7 illustrates the comparative percentage contribution of total materials in the
aggregated case. In Figure 7, all the materials are plotted along the x-axis. At the same time,
the differentiated bars along the y-axis show the percentage of material-wise EW and EE
contribution for CJH-A.

Figure 7 is a clear testament to the differential behaviour of materials in ang EW
parameters. For example, brick is the topmost EE-impacting material. How@Ve etards
significantly from the top EW-impacting material. However, the outcomes crd t sk
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Figure 7. Comparative material-wise embodied water & energy contribution in the aggregated case

because the
already

ce fOhbick use is enormous among locals. The prolonged EE research has

e one of the design-decision guides. Cement shows a similar behaviour,
hand, toughened glass, paint, and plywood have significant EW impacts but
in EE impacts, as per Figure 7. Sand and stone aggregates (S_A) also have a
tern. Steel dominates more in the EE aspect than EW. Using different
methodologies, the proponents [40], [41] also discovered the weak and inverse EW to EE
relationship at the material level, even at different locations. So, the argument remains that the
efforts for EE-conscious buildings over the decades do not cover the EW domain appreciably.
Hence, the efforts towards holistic sustainable construction seem lacking. Building
construction players must ensue for a sustainable building solution that simultaneously
conserves EE and EW.

To practice sustainability, the involvement of stakeholders and, specifically, the locals is
extensively advocated for real-world applicability and success. Thus, to seek EW and EE
conserving building solutions, it is essential to seek the stakeholders' choices first for optimum
on-field implementation. The stakeholders, i.e. the building owners, are non-compromising
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towards a few aspects of the conventional houses while remaining flexible to fewer others. For
this reason, this contribution only looks to intervene in conventional practices and not look for
alternate solutions. Alternate solutions are potentially challenging for building owners to
embrace owing to the prolongation of conventional practices, the availability of such
materials/labour, and the ease of using and relating to them. However, not one but multiple
materials and techniques are already in vogue for conventionally constructing various building
elements. Hence, this exploration finds it more logical to assess the most appropriate existing
construction method vis-a-vis EW or EE impacting one, indeed, with the evidence.

Building regulations in Jammu specify the ground coverage, setbacks and total construction
area vis-a-vis the plot sizes of conventional houses. Conventional practices involved the

taking centre stage in the choices of contemporary house owners.
that there is regular non-compliance with building regulationsg
specifically in the city's fringe areas. Monitoring and reportin.
stricter with time, and this is a welcoming move towards t
study’s purpose. However, all the choices above in build
to do with the economic well-being of the house own
(MIG) house owner prefers 4-5 bedrooms despi
group (HIG) even surpasses that for the same
At the same time, the lower income group
his shelter and would add the rooms wit d’and income growth. Literature finds
an evidence[66] of intervening in the Jil ns for energy and water use; however,
construction or material-specific m@dalities n deep regulatory insights. So, it is worth
seeking insights and taking cogruééinc ilding bylaws and the owners' preferred choices
vis-a-vis the family's economic

CT n

Scenarios creation

With the purpos re houses should be visioned to consume lesser EE/EW per
unit constructlonAb scenario creation exercise is taken up. Overall, the exercise tells
us how using native methods and preferences can easily start offsetting EE and EW vis-a-vis
current consumptions as per the actual cases taken. Through detailed site visits of the authors
cussi 22 stakeholders of the study region, which involved four (04)
evefal contractors/masons & house owners, various scenarios are devised to

EE and EW. The scenario exercise is based on the observed impacts in
vis-a-vis local building practices, locals’ interests & issues and building
s a result, the scenario conditions and resultant material estimates are generated
ptions provided by the consulting stakeholders, which are the local construction
experts. The author’s familiarity with the conventional constructions and
preferences/challenges of the local community towards it also benefit the entire exercise. The
aggregated case CJH-A is a base case in the scenario-building exercise. It is of utmost
consideration in devising and shortlisting scenarios that most new constructions belong to LIG
or MIG only, as this economic group is the principal constituent of Indian society. The
scenarios devised are explained in Table 7.




Table 7. Scenarios detail

Name of scenario Detail of each scenario

Original All components bear original quantities for CJH-A. EW and EE
consumptions are 19.73 KL/m? and 3964 MJ/m>—composite structure
system (few RCC columns to support the roof and the load-bearing
ceramic brick masonry walls). Mass boulder foundations beneath brick
walls and RCC columns have isolated footing—no steel in plinth beams.

SCJH-1/SCJH-1E Instead of paint, ceramic/vitrified tiles wall finishing in the interior and
exterior. C_T increases by 400%, while paint decreases by 9049

SCJH-2/SCJH-2E Against 'original', C_Area reduces by 20%. So steel decreaSgg bys20%.

Cement, sand, S A, paint, and plywood decreased by ck and
C_T reduce by 15%. F G and T_G also reduce b 0 to
'original. A

SCJH-3/SCJH-3E All walls bear exposed brick finish on internal§and & (CT8l faces,
excluding the internal faces of the kitchen a al Wy
wall thicknesses are retained. Cement, s
30%, and 90%, respectively. Rest remadffs u

SCJH-4/ SCJH-4E Exposed brick masonry, load-beariging
foundations. Steel and cement redige by
case. Sand and S_A reduce by 35%. ¥
paint decreases by 90%. A \

SCJH-5/SCJH-5E In addition to SCJH-4 pns, § Area reduces by 20%. So steel
reduces further by 2 eafenty , paint, plywood, and S_A reduce
by 10% compare CJN§4. Back and C_T reduce by 15% compared
to SCJH-4. F_Ggaggl T N by 5% compared to SCJH-4.

SCJH-6/ SCJH-6E In addition to SCJH-5 cojtions, Maximise T G discouragement (90%

i i 1 discarding of the glass railings. Conventional

. Plywood reduces by 75% as the scenario

etal cupboards. Using F_ G with wooden frames

-~ 0%. Paint stays unchanged as SCJH-5.

i, brick masonry is entirely removed by concrete blocks. The

s of the outer walls are not plastered, while cement plastering

i 1n totality and brick
23% compared to the original

=

SCJH-7/ SCJH-7E

o C X increase by 25% compared to 'original'.

SCIRL-8/ @In the original scenario, half of the brick masonry is replaced with
concrete bricks. All the brick and concrete brick masonry is laid in rat-
trap bond without cement plaster. Bricks reduce by 62%. Cement and
sand use increased by 5% and 10% to 'original'. Composite construction
is retained. S A use increases by 15%. T G and plywood use are
discouraged and reduced by 90% and 75%, respectively. F G use
increases by 50%. Paint reduces by 90%. The rest remains the same as
the 'original'.

SCJH-9/ SCJH-9E Concerning SCJH-3, the rat-trap bond is introduced, and T G partitions
replace most interior brick walls. Brick use decreased by 80%, while
cement and sand were reduced by 33% and 40% to the original scenario.
Paint remains at 10% of 'original' (overall plastering is removed).
Approximately 300 m? (or 5986.41 kg) of T G adds up, having an
EWC=15.48 KL/m? and EEC=30 MJ/kg. Rest remains unchanged.
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SCJH-10/SCJH-  C_Area reduces by 20% than SCJH-9. Steel and T G are reduced by
10E 20%—areduction of 10% each in cement, sand, S_A, paint, and plywood.

Brick and C T reduce by 15%. F_G reduces by 5%.

In Table 7, the EW scenarios are abbreviated as SCJH-1 to 10 in addition to the ‘original’
scenario. The original scenario considers the material-wise consumptions in aggregated case
(CJH-A) and corresponding EE and EW consumptions. Many other scenarios also emerged,
but owing to significant unpragmatic considerations, they are done away with. While
conditions for EE or EW scenarios are the same, EE scenarios are named for convenience by
adding the suffix ‘E’ to the EW scenario names, as Table 7 shows.

Analysis using scenario manager

as explained in Table 7. The larger purpose is to seek the best-fitting E
and re-assess the conditions for further onsite implementation t
reforms. The vertical columns explain the scenarios, while the hg
scenario's materials-wise EW quantity (in KL). The constructig
(C_Area) is also shown in a row towards the bottom half of't ing the inputs of

Table 8. Inputs@nd outputs{ embodied water scenarios

narios

Original SC C SC SC SC  sC SC SC
JH-1 34/ H-4 JH-5 JH-6 JH-7 JH-8 JH9 JH-10
jdl-wise EW quantity in KL for CJH-A
Steel 1262 946 757 757 1262 1262 1262 1009
Cement 818 552 552 Ol BS®  s48 493
Sand 2181y, 1418 1418 P24 B8O8 1309 1178
Brick 444 4444 377 B B 4 1o 8 75
S A 1937, Y1937 1133 1133 BEBB BB 1937 1744
417 417 417 490 490 490 417
266 252 252 @@ 200 B9 206 252
1367 1299 1367 1299 130 1367 137  [OM HS08
137 1233 137 123 123 685 137 137 123
Plywood 1555 1555 1399 1555 1399 350 1555 389 1555 1399
[quj?rea 5925 5925 474 5925 5925 474 474 5925 592.5 5925 474
Output: Scenario-wise total EW per unit construction area in KL/m?
EW 1973 BOM6 BEO0 1620 1449 1646 1205 [OE 1420 [EIOE BEEE
[KL/m?]
‘<’ original scenario >’ original scenario [l = original scenario

Like Table 8, Table 9 illustrates the inputs and outputs summary detail of EE scenarios,
using the details of Table 7.
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Table 9. Detailing the inputs and outputs of embodied energy scenarios

Scenarios

Original  SC SC SC SC SC SC SC SC SC
JH- JH- JH- JH- JH-  JH- JH- JH-  JH-
1E 2E 3E 4E S5E 6E 7E 8E 9E

Steel 384000 384000 307200 384000 384000 384000 384000
Cement 614400 614400 552960 460800 645120

Sand 114929 114929 103436 80450

Brick 882000 882000 749700 882000

S A 41778 41778 37600 41778 41778y,
CT 143533 [iG6A 122003 143533 14353143533 143533
FG 9565 9565 9087 9565 9565 N
TG 52860 52860 50217 52860 52860

Paint 46482 4648 41833 4648

Plywood 59134 59134 533220 59134 59134 53220 59134

C Area 5925 5925 474 5925 5925 5925, 5925 5925
[m?]

Output: Scenario-wise total EE per unit co ction aPea in MJ/m?

‘= original scenario

EE
‘<’ original scenario [ >’ origi

than the base case with a minimum
W offsetting. On the other hand, eight
he CHJ-A, with the minimum being 2586.1
owever, both the best-performing scenarios are
s, too. This is an impending proof that:

ectly correlated with each other.

In Table 8 and Table 9, five scenari
of 12.05 KL/m? for SCJH-6, corres i
scenarios reflect conservation in
MJ/m?, i.e., an EE saving of 35%
different, and so are the wo

10s require a reduction in every material. However, the
~Area (denominator) compensates for the reduction of the

ion alone cannot check EE and EW per unit construction area unless other
sures exist.
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All scenarios except the original are concisely abbreviated for the same convenience. For
example- scenarios SCJH-1 or SCJH-1E are represented as one (1), and a similar approach for
other scenarios is also taken. Figure 8 contains the original plus ten scenarios devised for the
aggregated case (as already detailed in Table 7) along the x-axis. At the same time, EE (MJ/m?)
and EW(KL/m?) are plotted along the primary and secondary y-axis in the tornado plot. The
distinction of the impacts using colours clarifies the meaning clearly in Figure 8. As it reflects,
the vertical bars are for EE while the graph line represents EW. The reading of EE and EW are
provided for convenience alongside bars and graph lines, respectively. The x-axis is shifted
(red) to intercept the primary y-axis EE reading of the original scenario (3964 MJ/m?). It
simplifies scenario distinction, which returns more or less EE quantity than the original
scenario plus the corresponding EW quantity from the secondary y-axis in Figure y

MEE [MJ/m2] —EW [KL/m2]
5000 4863 30.0
25.0
4500 24.3
19.7 20.0
— 4000 __ I =
é Oriinal E
= 150 2
2 =
w 2
W 3500 i
10.0
3000
5.0
2500 i 2586 0.0
Scenarios

P—

A VvV ___ = 4
Figure 8. Tornado plot illustrating the summary output of embodied water-energy nexus scenarios

v

E but not the highest EW, while the lowest EW rests with scenario 6
doesn’t return minimum EE, which strongly points to a non-relationship
nd EE. Similar reflections are also in scenarios 9 (minimum EE but not minimum
(highest EW but not highest EE). So, the non-positive relationship between EE
and EW 1s potentially corroborated. However, among the eight scenarios on the lower side of
the x-axis returning lesser EE than the original scenario, three scenarios (7, 9 and 10) still report
higher EW vis-a-vis the original scenario. Such a reflection indicates the reverse behaviour of
EE and EW in building construction, as also hinted by various proponents[21], [28], [39]
before. However, few scenarios like scenario 8 do keep the hopes alive that exceptions are
possible with legible policy and A+D interventions. So, the interpretations of the comparative
EE and EW scenarios (Figure 8) lead to the following:
e The best-performing EW scenario (scenario 6) reports 12.1 KL/m2 EW in the aggregated
case and conserves 39% EW vis-a-vis the original scenario. However, only a tiny fraction
of EE (3786 MJ/m2) conservation is reported, i.e. only 4.5%.
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e The second-best-performing EW scenario (scenario 8) reports 14.3 KL/m2 EW, a
reduction of 27.5% EW vis-a-vis the original scenario. EE reduction is 27% compared to
the ‘original’ with a report of 2905 MJ/m2 EE.

e Other best-performing EW scenarios like 4, 3, and 5 report much higher EE and EW
values than scenario 8.

e The best-performing EE scenarios 9, 10, and 7 returns report only a fraction of EE
offsetting compared to scenario ‘8’, in addition to considerably escalating EW.

e Scenarios 3, 4, 5, 6, and 8 uniformly return lesser EE and EW than the ‘original’.

Understanding that scenarios 3, 4, 5, 6, and 8 return less EW and EE than the original, it is

essential to highlight the corresponding architecture plus design (A+D) and policy
interventions devised. Indeed, the said scenarios uphold the hypothesis of the gffldy. The

decision-making at various stakeholder levels must be outlined to consolidate th&gyaflence
further.

Design-decisions and regulatory insights. Table 10 (appendix) outhne C Itiple
stakeholders, including the A+D team and policy governance. As digcuS§e performing
scenarios ‘8’ and 3, 4, 5, and 6 are considered for devisi D ’

recommendations. As Table 10 illustrates, no scenario from Tak

(appendix)
Flgu e 8 meet the high-
3 pRPhing in Jammu

resource conservation issues are more dictate® However, in the
implementation of scenarios, HIGs can be p 121N ts in real-world applications and
can significantly overshadow the reforms 1 & Thus, Table 10 recommendations

precisely include HIGs too. Some crucia dagns secured by the site experiences and
local experts call for avoiding cel i y HIGs and upper MIGs. Table 10
recommendations base is flexible n couple penalties and incentives if required.

Table 10 outlines the secti i preferences for house construction, A+D and
policy decisions required to W. As discussed, SCJH-8 best fits the EE and
EW conservation, and its le 7) best cater for the MIGs. It returns EE and EW
offsetting by a minim oncerning the base case. While SCJH-6 fits the LIGs
best, it is also cru01a
minimum vis-a- g As per Figure 8, EE saving is very little; however, given the
EE conservation ny decades, buildings are already EE conscious. So, it is time to
3 seems fitting for MIGs, too. Meanwhile, the reduction is inevitable
best practices from scenarios 3, 4, 5, 6 and 8) are carefully added.
@le of concrete [67] and steel [68] in EW consumption was previously

with brlck foundations and coherently meet not just EW but also retards the high
hfecycle carbon emissions associated with the steel or concrete structure system [70]. The
observation is a breakthrough validation to outline the pragmatic nature of insights discovered.
Brick use dominates the rest of the materials in EE (Figure 7); however, it is the most preferred
material among locals. The solutions recommend continuing brick use with intelligent tweaks,
which upholds the ‘opportunity’ in the ‘threat’ of local-centric building practice as anticipated
in the previous sections. So, a high acceptance rate for the solutions is inevitable. As indicated
in Table 10, certain A+D and policy recommendations can also reduce EE and EW during the
construction and other lifecycle phases. For example-intelligent brick use avoids several
finishes, which otherwise have a high EW impact [19,69], and finishing materials account for
47% of the recurrent EW (maintenance phase of buildings) [69]. Knowing that DW wastages



are more than 80% [20], [23] directly or indirectly through human activities, minimising
finishes also offsets DW wastages by saving DW, site personnel and construction duration. So,
lifecycle impacts can bear further reduction when more and more phases of cradle-to-grave life
cycle assessment are performed prospectively using the bottom-up approach.

‘Scenario 8’ (or SCJH-8/SCJH-8E) is the best-fitting scenario per this study's scope. The
study provides the quantities of EW and EE per unit construction area for the houses while also
enlisting dominant EW and EE-impacting materials. Thus, the study can be a base for the
knowledge audience to seek EW and EE conserving construction solutions through various
scenarios through the methodology illustrated in this study. Probably, a more significant
number of cases, more materials and differing base cases can return improvised solutions
quantitatively. Simultaneously, more iterations or improvised methods, likeg
simulation-based iterations, are inevitable. Nevertheless, EW-EE nexus stud

experiment outlined that intelligent EW combating measures can a
contrasting finding to the literature bank [29], [41]. Table 104

(SDGs) like SDGs 6, 11, 12, and 17. As
impact of global construction, India’

tation of the EW-EE nexus and the inability of
re EW conservation, is the fitting outcome for
i@al in practising building-level sustainable solutions
ame time, the fact that the study also presented a
present state of the art is a generous takeaway of this
has a lasting potential to be replicated across contexts and

the knowledgeable audien
in the water-consciou
methodology to assed§
scientific contribugien. N

t investigation follows a bottom-up methodology involving three conventional
mmu, India and seeks EW & EE efficient constructions based on EW-EE nexus.
The methodology uses a database of 10 building materials and is novel in prioritising localised
wisdom through the scenario manager technique. The experiment advances to coalesce A+D
measures and locals-centric policy decisions to achieve fitting EW-EE conserving scenarios.
Observing different sets of top impacting EW materials to EE, the initial results uphold that EE
offsetting is a deficit to conserve EW unless special measures are adopted. Instead of
consolidating the inverse and weak EW-EE interrelationship, the analyses divulge deeper and
could reflect how to combat EW and EE simultaneously, with high real-world applicability.
The scenario manager outlined an EW reduction of up to 39%, while a joint EW-EE
conservation of 27% is evidently achieved. Besides illustrating the policy insights and A+D
interventions conducive to dominant societal economic groups, the outcomes transformed the



‘threats” of localised practices into potential ‘opportunities’ with intelligent tweaks.
Nevertheless, the locals remained in the limelight in the scenarios and the insights discovered.
Because of the locals-centric nature, the insights have a high degree of adaptability by the locals
and could overcome the reasons for poor field applications of sustainable building practices.
The experiment advances the predecessors as it caters to the environmental (EW and EE),
socio-cultural (conventional houses and localised practices & material only) and economic
(MIGs and LIGs) aspects of sustainability.

The study involved three conventional houses and an inventory of 10 materials, so advanced
boundary conditions and houses can reflect improvised outcomes. Indeed, the literature speaks
for underestimations involved in bottom-up approaches, so the study might not have wholly
unravelled the adverse reality. Also, it is intriguing to seek different building typgi®gies for

phase LCA only, so considering other phases of LCA in cradle-to-grave assesg
the current and prospective building researchers. The prospective research

simulation platform are inevitable and can advance the current res
of the solutions is another dimension to ponder to further the buildi Anability outreach.

d a valuable one

attempting EW-EE nexus for building construction. Beca databases, it is not the
quantitative comparisons but the top-impacting material decisions that are the key
takeaways. The EW forte requires a differing approa EE reforms, which is an
invaluable outcome and needs emphasis vis practice the environmental
sustainability of constructions. The results, t

replicable across regions and stimulate th mia and profession. The remedial
measures are inevitable and can be as s ing of the consumptions (especially
water in construction materials produgji i) ammu smart city and other thoughtful

developments across regions, but inni vital. The future sustainability debate of
building construction cannot affi#td t§leavijthe EW agenda unattended, specifically in the
current thirsty world.
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APPENDIX

Table 10. Design & regulatory insights to jointly@“b jed water & energy

Societal section and A+D intervention icy\and bye-laws Fitting
preferences intefyention scenarios

HIG -Have a larger co i 75% ground
-Plot size (greater footprint. erage to reduce floors
than or equal to 450 Only G+1 co CC component) and
m?) maximum two floors.
-More construction 40% o -Have either first floor or
area 350 m? and cellar.
above) and height - Have at most four rooms,
(G+2) SNs Ll including three bedrooms.
-RCC frame @ opu -Exposed brickwork or
structure ' exposed concrete work in
-Expansive finigh oBgdation. masonry.
-Grand sp Reduce masonry walls to -Toughened  glass  is
-Cellar ¢ maximum. Adopt Open discarded.

plans and cut-outs (double- -Minimise paintwork and NA

height spaces) in design.
-All the masonry walls to be
115 mm thick. Wherever

plywood use.
-No need for RCC
bands and lintel bands.

sill

required, 230 mm thick -Promote resource-
walls will be laid in rat-trap efficient brick
bond. manufacturing in Jammu
-Use adhesives for C tile with transparent
flooring and walling declaration of water and
(cement and sand are energy use in production.

reduced). -Ensure all water used in
-Marble stone, wherever construction 1is revenue

used in flooring, can be used
with adhesives or metal
channels.

water—no borewells are to
be constructed onsite
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- Do not use brick coba
for floor sub-base.

during or before
construction.

-Provide incentives if :

a) Covered area is less than

275 m? or FAR is less than

0.7.
b) If cellar 1is not
constructed.

c) At least 25% of the site
area is kept green.

d) Rainwater harvesting
and an internal courtyard
are provided

MIG
-Plot size (Equal to
or greater than 175
but less than 450 m?)
-More construction
area 200-300 m?* and

above) and
minimum height
(G+1)

-RCC  frame or
composite structure
-Range of finishes

-Discard the use of paint in
masonry work throughout.

-Use exposed or concrete
bricks in material-saving
masonry bonds like rat-trap
bonds. Wherever finishing
is required, use C T with
adhesives or metal grids.
Cement, sand and pain
remain in check hencefor
-The composite
system is best, if

-Upto 60%
coverage to red
and constructiQ

1S
However,
material 1S

- Multiple rooms load-bearing Oughened  glass is
-Cellar (at times) system, and s du inimal except for the
columns onfy at strat@gic large and trendy
locatio n RCC fenestrations.
r walls -Dlsgard paintwork while SCJIH-8
uil keeping plywood use to a
L or SCJH-
toughened minimum. 3E
glass in totality, -Provide RCC lintel bands
in railings. only if RCC plinth beams
id using plywood and don’t exist. There is no
materials need for sill bands for low-
Poard/veneer) in cupboards rise tiny houses. -Provide
and decoration purposes in incentives if :
the interiors to the a)Covered area is lessthan
maximum extent. 200 m? or FAR is less than
-Wood continues to be 0.7.
discarded during house b) At least 30% of the site
construction. area is kept green.
c) Rainwater harvesting
and an internal courtyard
are provided.
d) Heavy monetary penalty
for cellar construction and
reduced FAR.
LIG -Minimum construction - Have a minimum number SCJH-6
-Plot size (less than area. of rooms to minimise or SCJH-
175 m?) masonry work. 6E
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-Phased
construction of
floors.

-Construction area
up to 100-200 m?

and max. height
(G+2) after some
years of  initial
construction
-Composite
construction

-Minimum finishes
- Multiple rooms to
accommodate a
large family of 5-6
family members

-Have exposed  brick
masonry in rat-trap bond to
the maximum.

-Nouseof T G.

-Minimum or no use of
plywood/similar products.
-Use load-bearing masonry

throughout ~ with  brick
foundations.

-No use of RCC beams
-Maximise single floor
constructions.

- No paint or expansive
finishes.
-Metal railings to be used in
parapets instead of brick
parapets.
-C T, Indian patent stone
(IPS) or marble stone
flooring.

- Flexibility of having up
to 70-90% of ground
coverage.

- No compulsion to use
RCC components other
than slabs.

- Conserve sand and S A
using exposed masonry,
brick foundations, load-

bearing structure,
adhesives/metal rails to fix
CT and similar
interventions.

-Provide incentives if :

a) Covered area is J
90 m? or FAR is %

e SILC

harvesting
1 courtyard
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