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ABSTRACT

This paper describes the methodology and results of
building energy modeling to validate and quantify the
energy savings from conservation measures in
medium-sized office buildings in four different
climate zones in India. We present the different
energy measures and their expected and simulated
performances and discuss the results and the
influence of climate.

INTRODUCTION

Total primary energy demand in India in 2009
represented 5.5% of world energy demand and was
predicted to increase by 8.6% by 2035 (Ahn &
Graczyk, 2012). In addition to an exponential rise in
energy demand, India already faces several energy
challenges. These include: low grid availability,
quality, and reliability (Pargal & Banerjee, 2014);
significant energy imports (Yadav, 2014); and
entrenched use of non-renewable, fossil-fuel sources
(Ministry of Power - Government of India, 2013).

In India, the building sector is currently the second-
largest energy consumer (29% of total energy
demand) and is growing rapidly by 8% annually
(Ahn & Graczyk, 2012). Although the building sector
represents less than one-third of the total energy
consumed in India, the savings potential is
significant. India’s Energy Conservation Building
Code (ECBC) currently provides non-compulsory
guidance. Simulation models indicate that “ECBC-
compliant buildings can use 40 to 60% less energy
than conventional buildings” (Ministry of Power -
Government of India, 2007).

Simple improvements in building design and systems
could increase energy efficiency, which would be an
important step forward in addressing India’s energy
challenges.

Preceding work (Singh, Sartor, & Ghatikar, 2013)
focused on identifying features of existing “best in
class” Indian office buildings and listing measures of
expected energy savings compared to energy use in
conventional buildings. Although the case studies of
pragmatic solutions and realistic benchmarks in that
previous study are valuable, they cannot be used to
differentiate the impact of individual energy
measures.

As an alternative to collecting measured data, we use
building energy simulation (BES) to model the
impact of incremental energy-conservation measures.
This allows us to evaluate the impact of individual
measures on energy consumption and occupant
comfort. BES can also fill gaps in measured building
performance data, for example when the savings
generated by a particular solution have not been
measured in all of India’s climate zones.

Such simulation studies have been performed in other
geographical areas with climates similar to India’s,
such as Saudi Arabia (Igbal & Al-Homoud, 2006)
and sub-tropical Australia (Rahman, Rasul & Khan,
2010). Both of these studies used a real building to
calibrate their models before simulating the potential
savings from different energy conservative measures.
In India, Manu et. al (2011), Dhaka et. al (2012), and
Tulsyan et. al (2012) compared the performance of a
conventional Indian building to an ECBC-compliant
building but did not investigate further improvements
to buildings.

In this work, we propose energy conservation
measures that go beyond code compliance and that
are rarely investigated in simulation work, such as
radiant cooling, night flush, and mixed-mode
ventilation. Unlike other studies, this study uses a
generic medium-size office building in four different
climate zones, to get more translatable results than
those obtained using buildings that have specific
uses, designs and external environments. The energy
conservation measures might be applied in practice
differently from the way they are modeled, or in
buildings with different uses or designs. However,
the goal of this study is not to predict exact savings
but to identify solutions that have significant impact
in the Indian context and to gain an understanding of
the relative energy savings from these solutions.
This, in turn, will inform future energy-efficient
building guidelines.

METHODOLOGY

This research is conducted in two phases. In the first
phase, we create two baseline models: business as
usual (BAU) and ECBC-compliant. In the second
phase, we use these two baseline models to analyze
the impact on occupant comfort and energy
consumption  of incrementally  implementing
carefully selected, state-of-the-art design and
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efficiency improvements that have been applied in
existing energy-efficient buildings in India.

The strategies are added one by one, cumulatively, to
create a best-practice building. The order in which
the strategies are implemented prioritizes reducing
loads before implementating solutions to reduce the
energy cost of meeting those loads. The strategies
modeled are:

e Optimizing building envelope orientation
and fenestration to reduce external loads while
maintaining significant daylighting

e Reducing electric lighting and plug loads

e Using night flushing and natural ventilation
when available to promote “free” cooling

e Using high-performance heating,
ventilation, and air-conditioning (HVAC) system
architecture that decouples ventilation and cooling. In
analyzing this efficiency measure, we study compare
the savings from radiant ceiling and variable-
refrigerant flow (VRF) systems.

Simulation program

We used EnergyPlus 7.2 for modeling. EnergyPlus is
a recognized whole-building energy-simulation
program used worldwide, with more than 85,000
copies downloaded since it was first released in April
2001. The program includes various models for
energy-flow transfer and HVAC systems. Although
the validity of the whole-building models generated
by EnergyPlus is a subject of discussion (Neto &
Fiorelli, 2008) (Ko & No, 2015), this work covers
only subsets of the tool’s functionality that have been
previously validated (Olsen & Chen, 2002),
(Sunman, Marston, & Baumann, 2013).

Model input parameters

We distinguish three types of input parameters in our
model:

e Parameters specific to the building, such as
occupancy, geometry, or envelope materials

e Parameters specific to the performance of
building systems, such as HVAC equipment size or
the heating or cooling setpoints

e Established parameters, such as the
properties of the building materials used

We chose parameters specific to the building by
consulting experts on Indian buildings, with the
objective of developing a model of a typical medium-
sized Indian office building.

We chose and tuned the parameters related to
systems performance to optimize occupant comfort.
Real systems might work with different, not ideal
parameters, but a fixed comfort level in the model’s
output leaves energy consumption as the only
comparison value. This reduces the variability in
modeled HVAC behavior and simplifies the analysis
of the results.

The established parameters are taken from
conventional building libraries, specifically the

medium-sized office building models distributed by
the U.S. Department of Energy (DOE) (Deru et al.,
2011).

Climate zone

India’s climate is typically divided into five zones
that exhibit different temperatures, humidity, and
solar irradiation. The five zones are designated as
follows:

e “Hot and dry” climate in the Northwest
region

e  “Warm and humid” climate along the Indian
Ocean coast

e “Composite” climate in the center, inland of
the country

e “Temperate” climate around Bangalore

e “Cold” climate in the north and other
elevated areas

This study focuses primarily on reducing cooling
loads, which dominate the energy demand in India’s
buildings. Therefore, we do not include the cold
climate zone, which hosts only a small part of the
country’s building stock. For the four other climate
zones, we use weather data provided by India’s
Department of Energy for the following cities:

e Jaipur, Rajahstan, for the “Hot and Dry”
climate

e  Mumbai, Maharashtra, for the “Warm and
Humid” climate

e New Delhi, Delhi, for the “Composite”
climate

e Bangalore, Karnataka, for the “Temperate”
climate

Outputs

All of the models are simulated for an entire year.
The three main types of outputs are:

e Comfort level
e Heatgains
e  Energy consumption

Results for these three outputs are calculated as
hourly averages at the zone and whole-building
levels. The comfort-level assessment uses either the
Fanger model (Fanger, 1967) for fully conditioned
zones or the Brager model (De Dear & Brager, 2002)
for naturally ventilated zones. Because the models
are optimized to meet comfort requirements in every
building zone at any time, this output is used mainly
for validation. Nonetheless, in some of the early,
energy-intensive design options simulated, it is not
possible to meet our comfort target.

We analyze heat gains, both external and internal, to
identify those that could be reduced to decrease the
cooling load.

Energy consumption is the final metric used to assess
building performance. When occupant comfort is
maintained, energy use is used to characterize the
building’s operation. We investigate five categories
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of end uses: heating, cooling, ventilation, lighting,
and plug loads.

MODELS

This study uses 44 optimized models corresponding
to one “typical” baseline building, one code-
compliant (ECBC) baseline building, and nine
independent  best-practices  energy-conservation
measures in four different climate zones.

The models for a given building in different climate
zones are built using the same EnergyPlus objects but
different input parameters, typically for wall
composition, window properties, and HVAC
equipment size with variations for code compliance
(when applicable) or maintaining occupant comfort.
Occupancy, geometry, and building use remain
unchanged from one climate zone to another.

Baseline models

The baseline models represent a four-story, medium-
size office building with four perimeters and one core
zone per floor. The buliding dimensions are:

e North and south fagade length: 50m each
e  East and west fagade length: 33m each

e Floor-to-floor height: 3.95m

e Ceiling height: 2.74m

e  Perimeter zone depth: 6m

This generic geometry is based on the DOE reference
model for medium-sized office building (Deru et al.,
2011); other parameters of the model building
represent common practice for new office buildings
in India.

The typical building structure in the model has brick
walls and concrete slabs, with a U-value of 2.18
W-m>K™*. Windows make up 80% of the envelope
and are composed of single glazing modules with a
low solar heat gain coefficient: U-value of 5.62 W-m’
2K'1 and Solar Heat Gain Coefficient (SHGC) of
48%. The building is a high-occupant-density, single-
shift office with the following parameters:

e Lighting and plug-load power density are 15
watts per square meter (W/m2) and 10.8W/m?2
respectively.

e  Occupant density is 10 m2/person.

e Occupancy starts at 7am and ends at 11pm
on weekdays, with full occupancy between 9am and
6pm.

The HVAC system is a central air-handling unit
(AHU) that provides air to all zones. The AHU
includes an economizer, a supply and return fan, and
a water-based cooling coil associated with a chiller
and cooling tower. In each zone — one core and four
perimeter zones per floor — a variable-air-volume
(VAV) box controls the inflow and provides potential
reheat. The chiller has a coefficient of performance
(COP) of 5.8, representing the minimum requirement
for centrifugal chillers that dominate the Indian
market for high-capacity chillers (PACE-D Technical

Assistance Program, 2014). Most Indian buildings
are not equipped with heating equipment, but
analysis of our simulation results shows that a small
heater is required to maintain optimal comfort on
certain days in the typical and code-compliant
buildings.

The code-compliant baseline building is identical to
the typical building with some parameters updated to
conform to code: walls are insulated (U-value of 0.44
W-m2K™?, window-to-wall ratio is reduced to 50%,
and windows are double paned (U-value of 3.30
W-m>K ™ and SHGC of 22%) with shading. Lighting
power density is reduced to 10.8 W/mz2,

Energy-conservation measure models

We studied nine different energy-conservation
measures that were added incrementally to previous
model iterations except when new measures are not
compatible with previous ones. Figure 1 shows the
measures studied. Blocks that are grouped together
share the same purpose:

1. Reducing external gains

2. Reducing internal gains

3. Promoting external losses

4. Decoupling cooling and ventilation

The arrows show how preceding modules are used in
subsequent measures.

Optlr_mze aspect ratio and Reducing
| window orientation external
Optimize shading size gains
Reduce lighting and_ plug-load Reducing
I power density internal
Add daylight sensor gains
Night Flush: Ventilate the
building during cool
nights Promoting
external
Mixed-Mode: Use direct losses
outside fresh air in zone
with windows
VRF System
Radiant Cooling Decc_)upllng
I cooling and
V' high-Efficiency ventilation
Equipment

Figure 1 Energy-Conservation Measures
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Figure 2 Energy consumption per end use for the baseline models

RESULTS

Baseline

The typical (or BAU) and code-compliant (ECBC)
buildings are simulated for a whole year using the
weather data from four different climate zones: hot
and dry (Jaipur), warm and humid (Mumbai),
composite (New Delhi), and temperate (Bangalore).
Figure 2 shows the outputs.

Despite the diverse outdoor conditions of the four
climate zones, the overall energy performance index
(EPI), given by the energy consumption per square
meter, remains similar for all cities. For a given
building, only the cooling and ventilation end uses
change from one location to another. The lighting
and plug loads are independent of the climate. The
fan consumption is greater in hotter climates despite
ventilation requirements being the same for a given
occupancy. We find that this is because, in all of
these models, the cooling loads are met exclusively
by the air system.

Table 1
EPI [kwh/m?] for Indian office building from data
collection and simulation work

Data Collection
(Best-Practice Guide) 250 150
Bangalore 219 105
Jaipur 253 121
Simulation
Mumbai 230 123
New Delhi 241 119

The savings resulting from increasing efficiency
from the BAU to the ECBC case come solely from a
reduction in the energy use associated with air
conditioning (labeled “cooling” and “fans” in Figure
2). The savings in the cooling demand result in part
from use of shading, which reduces heat gain from
the windows by 75%, and in part from a reduction in
the window-to-wall ratio and solar heat gain
coefficients. Cooling demand reductions result from

an almost 100% reduction in heat gains from the
walls, achieved by the addition of wall insulation.

The EPI results in Table 1 are congruent with the
first version of the Best Practice Guide, which was
developed based on measured data collected from
actual buildings. In addition, the 47% to 52%
reduction in EPI in code-compliant buildings
compared to typical buildings is consistent with the
conclusion of the ECBC User Guide.

Reducing external gains

The first measures we implement to save energy in
our models are related to the building’s orientation
and fenestration.

Although the south facade makes the largest
contribution to total solar energy received , buildings
should be oriented such that the north and south
fagades are the longest and only fagades with glazing.
In the summer, when cooling demand is greatest, the
west and east fagades receive more solar energy than
the south. Direct solar radiation from the west and
east has a low solar elevation, making it more
difficult to shade whereas overhangs are sufficient to
block the higher-elevation sunlight from the south.

When we optimize the aspect ratio of the building
from 1.5 to 4 so that the south and north facades
dominate and reduce the overall window-to-wall
ratio by 30%, we see a 40% decrease in annual solar
heat gains. Although solar heat gains are not the
dominant component of the cooling load, this
reduction in solar heat gain translates to a 12%
decrease in cooling and fan energy consumption. It
should also be noted that solar heat gains are not
always detrimental to energy use; they provide
beneficial heating during occasional cold days.

When we add adequate shading to the windows with
consideration of the solar trajectory at each location
(Parekh & Dadia, 2014), the cooling and fan
consumption drops to 16% of the consumption in a
code-compliant equivalent building. The interior
lights are controlled on a schedule independant of
exterior conditions, so lighting consumption did not
change. When we include the cooling and fan
reduction in the whole-building energy consumption,
the resulting savings increase from 7% to 10%.
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Reducing internal gains

The building’s electrical equipment has a double
effect on the energy consumption: it directly
consumes electricity, and it uses this energy to create
heat, which increases the cooling load and therefore
the HVAC system energy consumption. In the
previous iteration of the simluation with optimized
envelope performance, the electrical equipment
(lighting and plug loads) consumes 55% of the total
energy used and accounts for 70% of the total heat
gain.

Improved management of office electrical equipment
and lighting, including turning off unused equipment
and unneeded lights, can drastically reduce energy
use.

Simulating improved electricity load management
based on use or occupant movement would require a
complex behavioral model. To simplify this
simulation, we reduce the power density of lighting
and plug loads based on input from interviewed
experts and best-in-class buildings data. In parallel,
we add daylight sensors that dim the artificial
lighting when natural sunlight is available, and
maintain illuminance to 300 lux. The use of increased
daylighting is promoted by the optimized envelope in
the previous model.

The results confirm that reducing lighting power
density by 50% and plug load power by 25% reduces
annual lighting and plug load energy consumption by
50% and 25%, respectively. Daylighting sensors and
controls reduce lighting electricity consumption
further, to 20% of its initial value.

The effect of lighting and plug-load reduction on
cooling loads is substantial: total annual heat gains
(both external and internal) are reduced by 36%,
which reduces HVAC demand by 33%. Figure 3
shows how the measures reduce heat gains from
lighting and electrical equipment (averaged for all
four climates).

Overall, adoption of simple, effective energy
management reduces building energy consumption
by 38% to 48%. These ideal savings can only be
achieved if the plug-load and lighting reduction
strategies are carried out by every building occupant.

H People [ External M Lights M Plug Loads

712

693

500

250

(6]

Before ECM After ECM

Annual Heat Gains

Figure 3 Annual heat gains by source, before and
after load management

Promoting external losses

After integrating building envelope and internal gains
measures in the two model iterations described
above, we find that cooling and ventilation loads still
represent about 40% of annual consumption. Another
simple way to reduce cooling energy consumption is
to use outside fresh air when available. We apply two
different measures based on that premise: night
flushing and changeover mixed-mode ventilation.

Night flushing which is used to actively (with fans)
or passively (by motorized or operable windows)
ventilate the building at night when the outside air is
colder than the inside air. Although cooling and
ventilation demand is lowest at night, this process
can help quickly cool the building mass below the
occupancy comfort setpoint; that cooling affects
building temperature throughout the following day,
reducing the cooling requirements.

The results of night flushing vary depending on
outdoor conditions. In the hottest climate zones like
Jaipur or New Delhi, night flushing produces few to
no savings. Only the temperate climate shows
significant savings from night flushing, a 24%
reduction in cooling and fan consumption, as a result
of colder night in summer.

The significant savings obtained in Bangalore would
only be achievable in a building with a heavy
structure, as is the case in the model building. The
model building’s walls and floors are made of high-
inertia materials such as brick and concrete, with a
thermal capacity ranging from 100 kJ-m*K™* for
internal floors to 400 kJ-m>K™ for external walls.
When night flushing is used in a building with a light
structure, such as a steel-framed building with a
capacity ranging from 10 to 40 kJ-m>K™, fan and
cooling energy savings dropped to 7% in the
temperate climate.

The second method of reducing cooling and loads is
changeover mixed-mode ventilation, which is an
extension of night flushing applied during the
daytime. In this approach, if the outside air
temperature is lower than the inside air temperature,
and the inside air temperature is higher than the
minimum requirements for comfort, the mechanical
ventilation is shut down, and windows are opened.
Mechanical cooling is turned back on when the
comfort conditions cannot be meet with fresh air.

Occupants report that naturally ventilated spaces are
more comfortable than those that are mechanically
ventilated (Brager, Ring, & Powell, 2000). Therefore,
for the models integrating mixed-mode spaces, we
introduce a different comfort definition using the
Brager model (De Dear & Brager, 2002). Brager has
shown that, in naturally ventilated spaces, comfort
can be closely connected to a weighted average of the
exterior temperature over the preceding weeks. Other
studies have shown that this observation can be
extended to occupants transitioning from naturally to
mechanically ventilated spaces.
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Although we might expect the savings from mixed-
mode ventilation to be similar to those from night
flushing, the above redefinition of comfort allows
greater flexibility and so delivers greater savings in
climates with low seasonal temperature variability
than in climates with a high daily temperature
variability. In other words, in climates where it is hot
all year round, people typically have higher heat
tolerance and find hotter environments more
comfortable than is the case for people in more
variable climates.

The lowest seasonal variability is in the temperate
and warm and humid climates of Bangalore and
Mumbai. In these climates, simulation shows that the
integration of mixed-mode zones in more than 82%
of the conditioned area reduces cooling demand by
43% and 41%, respectively.

The composite and hot and dry climates of New
Delhi and Jaipur show lesser but still important
savings from incorporation of mixed-mode
ventilation, with a cooling demand reduction of 23%.
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Figure 4 Comparison of cooling demand for fully
conditioned and mixed-mode buildings in Mumbai

Figure 4 shows that cooling energy savings come
mainly from modifiying the temperature setpoint
definition (the difference between the black
continuous line and the dotted grey line), and the
“free cooling” from natural ventilation operation has
less impact on savings (the difference between the
dotted grey line and the continuous one). Therefore,
we conclude that the comfort definition is the
dominant contributing factor to the energy savings.
However, these results are highly dependant on the
validity of the comfort model used.

Decoupling cooling and ventilation

VRF HVAC technology uses a refrigerant loop for
space cooling. The loop is composed of an outdoor
unit with condenser and cooling towers for heat
removal, and one or multiple evaporators in the
different conditioned spaces to cool down the indoor
air. The benefit of this type of system is that it

decentralizes air cooling and decouples it from the
ventilation. This allows a considerable reduction in
ventilation equipment size compared to conventional
systems. With a centralized, conventional air-
conditioning system, air-supply temperature is
determined by the cooling demand of one master
zone. If the cooling demand for zones on the same
loop varies significantly, a centralized system won’t
be able to satisfy all demands and will cause over-
ventilation, overcooling or unnecessary reheating in
one or multiple zones.

VRF systems eliminate those problems and provide
the required cooling for each zone. Moreover, in
comparison to other decoupling solutions such as
radiant cooling, VRF systems are assumed (Thornton
& Wagner, 2012) to have a lower construction and
operating cost with a higher degree of decentralized
control. This type of system can be a good alternative
for retrofits (slab radiant systems are more difficult to
adapt to an existing design).

When we replace conventional VAV space-cooling
systems with VRF systems in our simulations, and
replaced the COP from 5.8 to 4 to account for a less
efficient system (PACE-D Technical Assistance
Program, 2014), the results confirm our expectations
that cooling and ventilation consumption are
considerably reduced in every climate. The reduction
is greatest in climates that have significant cooling
needs; the higher the cooling demand, the greater the
savings, as shown in Figure 5. Savings in cooling
equipment energy use range from 20% to 26%, and
savings in fan energy use range from 38% to 51%.

m Cooling = Fans
23

N
o

o
|

Energy Consumption [ KWh/m?]
[EEN
o

Bangalore| Jaipur | Mumbai |NewDeIhi|

Figure 5 Cooling and fan energy consumption in
VAV and VRF systems

High-temperature cooling

A second alternative for decoupling cooling and
ventilation is to use hydronic, high-temperature
cooling, such as radiant panel systems. Radiant panel
cooling can be expensive and is not suitable for all
retrofit applications. It also requires large
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installations that don’t fit every building design.
However, radiant panel cooling has one key
advantage over VRF: because of the large surface
area of a radiant panel system, a higher temperature
can be used for radiant cooling than can be used in a
VRF system. When water is used as the thermal
fluid, the volume transported is less than required in
a conventional air system, which saves fluid-
transport energy use. Occupants also report that
radiant cooling is more comfortable and gentler than
other systems (Feustel & Stetiu, 1995).

We updated the cooling equipment coefficient of
performance (COP) in our modes from 4 to 5.8 to
account for the better fluid medium and higher
supply temperature in the radiant panel system.

Results show that when fan use is limited to
providing minimum ventilation in occupied spaces,
fan energy consumption is reduced to 4kWh/m2,
Cooling consumption under the radiant panel
scenario is also lower than in the VRF scenario, with
savings ranging from 33% to 46%, mainly because of
the radiant system’s better COP. We should note that,
although the modeled radiant panels are controlled to
prevent condensation, water vapor flows are not fully
integrated in the models. Actual performance might
be reduced in humid climates.

Best HVAC suite

Finally, we maximize the energy-use reduction in our
scenarios by incorporating the best-in-class HVAC
equipment for a medium-sized office building in
India. In this model, we combine a radiant system
with naturally ventilated spaces and high-efficiency
magnetic bearing chillers (COP 7).

The result is buildings with minimal cooling and fan
energy consumption. The majority of total building
energy demand comes from lighting, plug loads, and
service hot water (representing from 60% to 75% of
total energy, depending on climate).

Table 2
EPI per climate and building performance for models
that include best-in-class HVAC equipment

EPI [KWh/m?] Typical ECBC | Best
Bangalore 219 105 45
Temperate

Jaipur
Hot and Dry 253 121 53
Mumbai
Warm and Humid 230 123 53
New Delhi 241 119 | 53
Composite

Table 2 shows total energy consumption for baseline
and best models per climate. The best models show a
total energy savings of 77% to 79% compared to
typical buildings, and 55% to 57% compared to code-
compliant buildings.

CONCLUSION

In this study, we simulate the cumulative addition of
a series of energy-conservation measures to a typical
Indian medium-sized office building to determine the
efficiency impact of each measure.

In the real world, a building’s energy consumption
depends heavily on the building’s use and the
external environment in which the building operates;
therefore, it is difficult to compare the performances
and effect of efficiency improvements in two
different buildings, particularly when they are in two
different climates. Building simulation allows us to
create the same environment for every modeling run
and understand the effect of each improvement
modeled based on an apples-to-apples comparison.

Our results provide high-level, climate-specific
guidance about which energy-saving strategies are
likely to have a greater chance of success and which
ones probably will not be effective in particular
climate zones in India.

e In a temperate climate like Bangalore (or
Pune), it may not be worth investing in radiant panels
because a similar level of energy benefits can be
achieved through mixed-mode operations. A VRF
system is similarly effective in this climate zone.

e The simulations for hot dry weather such as
Jaipur (or Ahmedabad) show that a radiant system is
effective, providing 25% savings over an optimized
VAV system with a good envelope and reduced
lighting power density and plug loads.

e In hot and humid areas such as Mumbai (or
Chennai), an optimal modeled performance can be
attained using a radiant system. Mixed-mode and
VRF systems also save significant energy.

e In a composite climate such as New Delhi
(or Chandigarh or Hyderabad), a radiant model
provided optimal savings of 24% over an optimized
VAV system with a good envelope and reduced
lighting power density and plug loads.

This study also provides insight into the theoretical
limits of the energy-savings potential of energy-
efficiency strategies. We found that, through a series
of improvements, it is possible to reduce a building’s
EPI by 75% compared to a building with typical
design, and by more than 50% compared to a builing
that meets current energy code. This shows that
buildings in India can strive toward more aggressive
targets than those outlined in the ECBC.

The simulation data in this study are consistent with
benchmarked energy-performance data collected
from various office buildings in India (Singh, Sartor,
& Ghatikar, 2013). These data on the effectiveness of
various energy-efficiency strategies can be used to
develop a robust set of target metrics for office
buildings.

Future work will focus on evolving from climate-
specific to building-specific studies, developing an
interactive tool for building practitionners.
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