How can factories save energy without sacrificing the thermal comfort for occupants?

India is adding factory floor space at a very fast pace. The decisions made at the design stage of these buildings
will shape their energy consumption and the working conditions inside them for years to come. This thesis asks
which design choices matter most, and by how much.

Five manufacturing shops at a truck factory in Bhopal, central India were studied: the Machine Shop, Engine
Shop, Weld Shop, Cab Trim Shop, and Chassis Assembly Shop, together covering around 47,200 m?. Through
calibrated building energy simulations, nearly 2,000 combinations of design and operational variables were
tested across all five buildings, including roof insulation levels, window specifications, lighting power density,
skylight type, roof solar absorptance, and shift scheduling.

Of the seven variables tested, three accounted for most of the energy savings. Improved lighting efficiency,
installing roof insulation, reduced energy use intensity by up to 20 kWh/m?*/year. Reorganising one shift to run
at night, when outdoor temperatures are lower and the parallel daytime shift can use natural daylight in place of
artificial lighting, added a further reduction of around 6 kWh/m?*/year. The remaining four variables produced
comparatively small effects.

For thermal comfort, high-volume low-speed ceiling fans were the most effective measure, reducing hours
above acceptable comfort thresholds by up to 26%, more than all envelope interventions combined. This finding
is relevant because these fans are already a common feature of Indian industrial buildings and require no
additional capital investment.

The factory studied already performs close to its parametric optimum. But for the many facilities across India
built to a lower specification, these three measures represent a practical, evidence-based starting point. With
manufacturing floor space in India projected to grow significantly over the coming years, embedding these
priorities at the design stage offers a clear and achievable path toward more energy-efficient and comfortable
industrial buildings.



