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Abstract

Higher global average temperatures, rising population and affordability of air
conditioning is leading to a rapid increase in cooling demand. Based on this, the capacity of
cooling equipment is expected to triple by 2050 and with current slow pace of energy efficiency
improvements, this would result in more than doubling of electricity consumption. Emissions
from cooling are predicted to increase to between 4.4 billion and 6.1 billion tons of carbon
dioxide equivalent (CO2e) in 2050, accounting for more than 10 per cent of global projected
emissions that year. To contribute to the actions needed to mitigate this risk, this research work
presents impact analysis using a combination of passive and active intervention approaches
using an EnergyPlus model for an air-conditioned office complex in New Delhi. Impact of
passive cooling measures like external and internal shading can lower energy consumption by
16%-21% over a typical summer week. By moving to an active control strategy to regulate
chilled water flow rate proportional to occupancy by replacing the CAV air handler with a
VAV air distribution system, an additional seasonal energy savings potential of 12-13 % is
identified. A study of this office complex and another air-conditioned lecture hall complex has
been done to identify additional controls driven energy saving opportunities. Implementing
measures to save energy are as critical or perhaps more critical in developing countries where
the high initial cost of energy saving technology could be a deterrent. To address that, four,
low cost, open source, loT-enabled sensing devices have been developed indigenously together
with the necessary data acquisition and storage solutions using Grafana and Google Compute
Cloud. The entire solution has been tested and calibrated before installation at a small, air-
conditioned office in New Delhi to collect data over a period of 5 months. The parameters
measured were temperature, relative humidity, CO2 and PM 2.5 concentrations, number of door

openings, occupant count, occupancy and energy consumed by the air-conditioning unit. An



analysis of the data shifted the research focus from energy efficiency to addressing
compromised IAQ during peak occupancy periods in an energy efficient manner. A CO> build
up model was validated using site data. A ventilation term was introduced into the model and
energy consumption compared between fixed and actively modulated ventilation rates. A low-
cost occupancy-driven modulation of ventilation air was observed to lower the energy
consumption by 32%. A prototype ventilation control system was developed and deployed at
one of rooms adjacent to a laboratory. The benefit of introducing ventilation on occupant sense

of acceptability of environment was validated through a feedback survey.
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