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Abstract: The paper highlights the existing trends of 24/7 occupied IT offices in the Northern part of India. The
rise of the IT Industry in India established a paradigm of a glass box with deep plans with less considerations to
the environmental and occupant needs. This has resulted in over reliance on mechanical cooling and artificial
lighting. Fieldwork and Survey conducted illustrate the operational trends, which can be used as a basis for
potential design solutions for IT offices being constructed in Delhi NCR which could reduce the energy
consumption by almost 40%.
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1. Introduction

Post Globalization, the tertiary sector in India has experienced a tremendous growth which
significantly rose the demands for new office spaces. The Information and Technology (IT),
Industry has been at the fore front of the demands with about 70% of the offices that are
being developed are occupied by them. [Nasscom, 2012] The BEE (Bureau of Energy Efficiency,
Government of India) published a stating that cited that the building sector is growing rapidly
in India with the demands for offices expanding at a rate of 8% and its projected to reach
approximately 20000 million sqg. by 2030 [Building code, 2013].

Changing infrastructural requirements and the drive to compete with developed
nations, established a paradigm which is essentially a glass box with deep plan, which is
concomitant with the IT industry. The drive to achieve visual cohesion and standardized
indoor environment for a workspace has resulted in heavy reliance on mechanical
conditioning and artificial lighting resulting in higher energy demands. This new paradigm is
a common practice due to the reliance on a comfort model that was articulated in 1950s to
understanding the thermal interactions between the atmosphere and the human body,
devoid of the location and spatial program, which has restricted the human comfort to a range
to 21°C to 24°C, neglecting the wide range of thermodynamic exchanges. [Garcia-
German,2017]

In India, IT industry is dominated by two major components: IT services and business
process outsourcing (BPO). With most of the parent companies based in United States, Japan
and United Kingdom, a 24-hour operation becomes one of the major requirements for most
of the IT firms. The variation in the operational patterns of the firms results in varied
occupancy pattern throughout the day which poises greater challenges for environmental
considerations and adds to the complexity of the occupational typology.

A 24/7 IT office is structured into 2 main operational divisions known as the Off-shore
Development Centre (ODC) and the financial centre. The morning shift operate mostly in the
ODC and the financial centre, while the intermediate and night shifts operate primarily in the
ODC space. The ODC spaces are designed with an extremely high occupancy, resulting in high



internal loads coupled with excessive equipment usage. Figure (1) shows the layout of a floor
space occupied by Infosys in DLF building 6, Gurgaon.
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Figure 1: Floor Plan of Infosys [source: Acquired from Management] and exterior view in DLF Building 6, Gurgaon [source:
www.dlIfcybercity.com]

1.1 Methodology

The research was initiated by performing fieldwork and a pilot survey to understand the
behaviour and comfort of the occupants in the IT offices. Energy bills were acquired to
understand the annual energy consumption trends to be compared with the benchmarks
being set by Bureau of Energy Efficiency.

Based on the data retrieved from fieldwork, a case study was modelled and calibrated
for further analysis. Various operational and construction alterations, such as the cooling set
point, density of occupation, and material specifications were tested to infer the impacts they
could have on the energy loads.

Based on the analytical work, an environmental design matrix was prepared, based on
the spatial requirements for the program and strategies that can be implemented to maintain
comfort. This formed the basis of a design development of an IT Office with a culmination of
active and passive strategies to accommodate a 24/7 operating culture with a lower Energy
usage.

2. Fieldwork and Survey Findings
The pilot survey conducted was to observe operational and indoor environmental conditions
as experienced by the occupants in various offices across the region. The survey highlighted
aspects detailing with the occupancy pattern, indoor comfort parameters, operational
conditions and equipment usage pattern.

The survey revealed the following operational patterns:

1. Office Size: Most of the offices surveyed, the occupational size was about 300
employees with 35% of the respondents stating a size of less than 200 employees and
about 9% stating it to be more than 800 employees.

2. Equipment Usage: The survey results pointed out a variation in the internal gains due
to varying occupancy type and seating arrangement, ranging from 140 W/person in case
of a hot desk to 210 W/person in case of individual cabin spaces.

3. Occupancy Pattern: The employees usually work for 9 hours, 5 days a week (Figure 2)
as per the results. Figure 2 shows, a variation in the break duration as the employees
can take breaks whenever they want, within a given time frame. Thus, there need to be
flexibility in terms of the occupancy pattern. The survey data was used to formulate an
occupancy pattern by developing a script on grasshopper, as shown in figure 2. The
suggested occupancy pattern is for the 24/7 operating ODC spaces.



4. Energy Use Intensity: The EUl for ‘three-shift commercial office buildings’ is
benchmarked at 350 kWh/m?/year in the ECO llI project. [Kumar, 2011] The Bureau of
Energy Efficiency benchmarks the 24/7 operating offices, on the basis of operational
hours. This is known as the “Average Annual Hourly Energy Performance Index’(AAHEI).
The unit is Wh/m?/hr of operation and the minimum AAHEI should be 52 Wh/m?-h
which based on operational hours for an annual period sums up to approximately 450
Kwh/m?/yr.[Building Code, 2013] A field survey was conducted to collect the annual
energy bills for the IT offices that run 24/7 in IT parks. Figure 3 shows the trends of the
annual energy consumption of the offices studied. The values were higher than the
prescribed benchmarking with cooling loads approximately 69.8% of the total energy
consumption for the occupied space.
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Figure 2: Survey results for: Duration of Break during the operational timing (top left), Number of Working Days
in a da (top centre), Hours of operation/shift duration (top right). Occupancy Pattern Generated using the survey
results (bottom).
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Figure 3: Energy Usage from seven IT offices compared against benchmark

3. Base Case Calibration and Reduction Potentials

3.1 Climatic Consideration:

In Gurgaon, there are four seasonal periods in a year: summer, monsoon/transitional period,
winters and spring. The highest temperatures occur during the summer months (i.e. from
April - June end), with a diurnal variation between the range of 9.5K to 13.5K with
temperatures reaching up to 45°C and the coldest period is observed between the December
and February with an average diurnal variation of 12K and an average temperature ranging
between 14°C to 17°C. The monsoon period/transitional period i.e. July to Sept end has a very
low diurnal variation. The monthly mean relative humidity ranges from 39% in April to 74% in
August. The summer period has very low humidity level with the relative humidity between



39% to 57%. Whereas, the winter months have a higher humidity levels, averaging
approximately 69%.

3.2 Base Case and Potential Savings:

An office space from the DLF building 6, Gurgaon was considered for analysis. The base model
was calibrated according to the fieldwork findings to understand the parameters effecting the
cooling loads and subsequently analysing the reduction potential by retrofitting the building
or changing the program of the space as shown in figure (1). For the purpose of analysis, the
ODC (Off-shore Development centre) were simulated, which operate at a thermostat set
point of 21°C to 24°C and which an occupancy density of 4.5 Sqm/person. Figure (4) shows
the reductions the Analysis revealed, which helped conclude that:

1. If the office space operates at a cooling set point of 24°C or 26°C instead of 21°C, a
reduction of 7.4% to 15% respectively, in the overall energy usage intensity (EUI) is
observed as the cooling load density reduces with the changing set points.

2. The occupancy density has a significant impact on the overall energy use reduction as,
it has a direct impact on the plug load density of the given space. If the office space
operates at 6 Sgm/person, instead of 4.5 Sqgm/person, the overall equipment load
reduces from 30 W/m?”to 25 W/m?. This showed a further reduction of 15.5%.

3. As per the ECBC compliance [ECBC, 2014], retrofitting the wall assembly to achieve a
thermal conductance of 0.4 W/m?-K and providing a double glazed window with the
SHGC of 0.3 and thermal conductance of 2.1 W/m?K, reduces EUI by another 7.7% and
18% which a cooling set point of 24°C and 26°C respectively.
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Figure 4: Potential savings by optimization

4. Design Strategies for Low Energy Usage Offices:

The measures analysed so far have considered materials, occupancy and the impact of cooling
set point on the EUI to achieve Thermal comfort. The following stage of the investigation
addresses design aspects, not least the built form and proportion of glazing to provide
alternatives to the archetypical IT office.

4.1 Form development:

First, most contemporary IT parks are vertically stacked office spaces with offices of multiple
shifts operating on different floors. The occupants are not afforded any control over the
cooling set points. The first design concept to be explored was the splitting of the office spaces
in separate towers, based on operational timing. This results in horizontal expansion of the



built spaces rather than vertical stacking of office space. The building was stepping outwards
creating a concept of self- shading exteriors with a formation of a dynamic courtyard.
(As shown in Figure 5)

4.2 Spatial Understanding and Segregation:

Most of the IT offices are designed as a core and shell design typology by the developers which
have 100% air conditioned spaces that leads to continuous cooling of areas that are not even
occupied at a given point time. Thus, understanding the program and spatial requirements of
the operation of such office typologies becomes mandatory to allow spatial segregation based
on operation and occupancy. The spaces with high internal gains and occupancy were
considered for air conditioning, while the spaces with variable occupancy patterns and less
internal gains were labelled under the non-air-conditioned category or under mixed-mode
operation, reducing the overall air-conditioned space to 70%. This was formulated with the
help of a sustainability design matrix which was graphed to highlight the services,
environmental and spatial aspects which are mandatory for the program being referred, as
shown in figure (5 (A)).
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Figure 5: Design stages. From top left, clockwise: stepping, final form with a landscaped courtyard passively
cooled, mixed mode and free running spaces facing the courtyard with the cores on the opposite ends, ODC and
Finance centre which will be air conditioned placed outward, (A) Design matrix for Spatial and Environmental
aspects

4.3 Energy Saving Potential for the proposal:
Thermodynamic models were developed to analyse the proposed design attributes:

1. Reduction of the air conditioned area: Air conditioning was mainly required for ODCs,
Finance centres and training rooms which resulted in reducing the cooling requirement
to 70% of the office space. This resulted in reducing the overall air conditioned space to
70%. In terms of cooling loads and EUI, a reduction of 39% was observed with a set point
of 26°C, compared to the optimized base case.

2. The introverted design proposal with a proposed 40% Window-to-Wall (WWR)
throughout with a double glazing with 6mm air fill and “stepping back” (Figure 5) of
the facades resulted in reduction of solar gains resulting in reduced energy
consumption by a further 15%.

3. Impact of the thermal conductance of the wall construction. For the climatic
conditions considered, a rigid insulation of 325 mm polystyrene in a cavity wall to
achieve thermal conductance of 0.4 W/m?2-K was selected.



The proposal for the office space with a 24/7 occupancy with the above mentioned design
strategies resulted in EUl of 322 KWh/mz/yr. for occupancy density of 4.5 Sgm/person or the
AAHEPI ranging between 26 Wh/m?2-hr to 30 Wh/m?-hr depending on the case of occupancy
(Fig. (6))
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Figure 6: Design optimization and savings potential, (A) Design matrix for Spatial and Environmental aspects

5. Conclusion
The design proposal (Figure (6(A)) based on the spatial requirements and environmental
parameters resulted in an introvert typology with the passively cooled or mixed-mode
operating spaces facing towards the courtyard and the self-shading concept, saw a further
reduction by almost 39% from the optimized base case. The Thermal conductance of 0.4
W/m?-K coupled with a 40% WWR helped achieved an AAHEPI in a range of 26 Wh/m*-hr to
30 Wh/m?hr.

Finally, this work aims to go beyond the theoretical sphere. The proposal is technically
and spatially feasible and hence is aimed to meet the demands of a 24/7 operating IT office
more efficiently.
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