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Scenario - Energy Efficiency in Buildings

• The buildings sector consumes nearly one-third of global final energy consumption, making it responsible for 
about one-third of total direct and indirect energy-related carbon dioxide (CO2) emissions. It therefore has a 
key role to play in reaching global energy and environmental targets.

• Energy demand in buildings rises by almost 50% between 2010 and 2050 in a business-as-usual scenario. 
Following an energy efficient and low-carbon pathway can lead to a 25% reduction in total energy use 
compared to business-as-usual. This represents energy savings of more than 40 exajoules (EJ).

• Energy consumption and emissions reduction in the buildings sector are vital to any long-term strategy to 
curb carbon intensity. With more than half the current global building stock expected to still be standing in 
2050, and considering that buildings can last for over 100 years, actions cannot be limited to tighter controls 
on new constructions. 

• Additional investment needed to transform the energy and emissions profile of buildings is estimated at USD 
12 trillion in the period to 2050. The fuel cost savings resulting from these investments would more than 
offset the additional investment costs.



What is Energy Audit?

An energy audit is an inspection, survey and analysis of energy flows for 
identification of energy savings opportunities in a building, process or 
system to reduce the amount of energy input into the system, without 
negatively affecting the output(s). 

Why we conduct Energy Audit?

➢ To improve energy performance
➢ To identify technical opportunities 
➢ To provide clear financial information regarding energy savings 

opportunities
➢ To gain a greater understanding of a part or all of the building’s energy 

usage patterns
➢ To Identify potential for using renewable energy supply technologies
➢ To comply with energy efficiency code requirements

Energy Audit process has 
two distinct phases

1. Preparation and Pre-
Analysis

i. Preliminary Energy 
Audit 

2. Site Visit and 
Reporting

i. Targeted and 
ii.detailed energy audit



Preparation and Pre-analysis

Source: SEAI – Energy Audit Handbook





Pre-analysis and Planning

➢Undertake Preliminary Analysis

➢Review best available technology/practices

➢Consider measurement planning and portable 
measuring instruments

➢Analyse current and past performance

➢Energy Billing data analysis

➢Use of Regression analysis

➢Use of benchmarking

➢Develop an Audit Checklist

➢Energy Venn Diagram



Conducting Site Visit

➢Devise site visit agenda

➢Consider health and safety

➢Carry out site visit
➢ Assess energy management



Technical Assessment - Buildings

• What to check?

✓ Broken or poorly maintained windows and doors
✓ Poorly utilized space
✓ Poor roof lights
✓ Holes, leaks, draughts or dampness in the building fabric
✓ Windows open during cold weather
✓ Inadequate insulation
✓ The complaints log for the building
✓ Thermal bridging or hot spots (use a thermal

imaging camera during a cold night)
✓ Building equipment such as Air conditioning heating 

system, Chillers, ventilation system, lighting system and IT 
systems for additional opportunities for energy efficiency 
improvements

✓ The building performance against benchmarks, and 
understand why the building performance is different to 
the benchmark

✓ Staff comfort

• Typical Opportunities

✓ Improving building air tightness to improve cooling/heating 
requirement 

✓ Identifying over heating/cooling of areas
✓ Reducing building activity when unoccupied

for long periods
✓ Reducing early building activation in the

morning prior to occupancy
✓ Reducing heating system/ Cooling system activity during 

unoccupied periods
✓ Improving temperature set-point protocols
✓ Assessing the occupancy patterns of the building
✓ Increasing the utilization of the building

(increasing density)
✓ Adapting ventilation rates and adopting

technologies used for ventilation
✓ Better utilization of the building

management system. 



Identification of Technologies - Lighting

• What to check?
✓ Lighting on in unoccupied spaces
✓ Excessive light levels for the tasks required in the space
✓ Inaccessible light switches
✓ Lighting types that do not facilitate switching off in 

infrequently used spaces (lighting with a long strike time)
✓ Large areas controlled by one switch, or lighting wired 

directly to a meter control box (MCB)  without a switch
✓ Motion sensors with no manual override switch
✓ Daylight linked controls and auto dimming
✓ Occupancy sensors
✓ Lighting fixtures located in suboptimal locations(over 

enclosed machines or over a cabinet where only the top of 
the machine is illuminated)

✓ External lighting on fixed time switch, manual control or 
photocell located in a shaded area

✓ Unsuitable, dirty or discolored diffusers and shades 
Obscured or dirty roof lights (daylight harvesting)

✓ Reluctance of the occupants or management to turn off 
unnecessary lighting

✓ Artificial lighting in areas with sufficient daylight (or blinds 
closed during the day)

✓ Night-time lighting levels and switch off procedures
✓ Lux levels appropriate for the activity in an area as outlined 

below

• Typical Opportunities
✓ Checking lighting levels as stairwells, corridors and 

circulation areas are often over lit; there may be an 
opportunity to disconnect some fittings

✓ Replacing high-intensity lighting with more energy efficient 
alternatives, e.g. replacing T8 with T5 or light-emitting 
diode (LED)

✓ Relocating photocell to area of direct light
✓ Installing additional switching so as to facilitate turning off 

some lights when not required
✓ Running an awareness campaign to inform all employees 

of the importance of turning off lighting when the area is 
unoccupied

✓ Installing lighting maps for switching banks
✓ Installing automatic controls (timers, personal infrared 

sensors (PIRs), occupancy sensors and photocells), 
especially in infrequently used spaces

✓ Cleaning skylights and windows
✓ Introducing a practice of opening blinds to maximise the 

use of daylight
✓ Cleaning reflectors and diffusers to maximise the efficiency 

of light fittings
✓ Removing any unnecessary lighting and relocating fittings in poor 

locations (over cabinets or redundant machines or too close to walls)



Identification of Technologies - HVAC
• What to check?

✓ The temperature in the conditioned space (is it 
excessively high or low?)

✓ Temperature set-points. Are the set-points ideal for the 
intended application under all conditions? 

✓ Heating or cooling operating outside of required periods 
✓ Presence of draughts
✓ Heating and cooling running simultaneously in areas, 

potentially serviced by different systems
✓ Overly tight control of temperature or relative humidity
✓ Use of supplementary heating, e.g. portable heaters
✓ Damaged or blocked filters or fouled coils
✓ Restricted airflows, e.g. at grilles
✓ Passing valves
✓ Use of fresh air or recirculation in accordance with 

intent of controls (this will depend on internal and 
external conditions and whether humidity is controlled)

✓ Fans and dampers working correctly 
✓ Water supply and return temperatures for heating and 

cooling application

• Typical Opportunities
✓ Matching variable speed control on fans, 

refrigerant compressors and circulation 

pumps to demand

✓ Using ‘free-cooling’ during low ambient 

conditions

✓ Reviewing HVAC operational controls

✓ Adapting ventilation rate to occupancy 

through CO2 controls

✓ Heat recovery using run-around coils or 

air-to-air heat exchanger

✓ Improving temperature and time controls

✓ Enthalpy control

✓ Rebalancing or recommissioning

✓ Lowering air changes

✓ Installing VSDs



Typical Energy Wastage Analysis

Ishikawa Diagram for the leading causes of 
energy wastage



Benchmarking



Identification of Technologies - Buildings
HVAC
Smart heating, ventilation, and air conditioning 
(HVAC) systems use multiple sensors for 
monitoring and control. Software interprets 
information from various sensor points to 
optimize the HVAC system’s operation while 
improving occupant comfort. 

Smart HVAC controls can limit energy 
consumption in unoccupied building zones, 
detect and diagnose faults, and reduce HVAC 
usage, particularly during times of peak energy 
demand.

Lighting
Smart lighting consists of advanced controls that 
incorporate daylighting and advanced occupancy 
and dimming functions to eliminate overlit
spaces. Luminaire light-level controls are rapidly 
developing and gaining market recognition. 
Demand-response programs are incentivizing 
step and continuous dimming control. 

Smart lighting systems can be controlled 
wirelessly and scheduled into lighting 
management systems. Wireless controls 
facilitate easier retrofits, while lighting 
management platforms let users access controls 
through web-based dashboards .

Plug Loads

Plug loads include the hundreds of types of portable 
office and miscellaneous equipment in buildings. In 
existing buildings, smart plug load controls consist of 
autocontrolled receptacles and power strips that rely 
on time scheduling, motion sensing, or load detection 
to completely cut off power to equipment that is not 
in use. 

Some smart power strips can sense the primary load, 
such as a computer, and operate peripheral devices 
accordingly. For centralized control, plug load 
schedules can be programmed into lighting and 
building management systems (BMS)

Window Shading
Smart window systems manage the amount of 
solar heat and daylight that enters the building. 

Systems consist of passive and active window 
glazing and films that respond to changes in 
sunlight or temperature, and auto-controlled 
shades that are scheduled to operate at 
specific times of the day to control light levels 
and solar heat gain. 

In retrofits, smart shading technologies have 
the greatest energy-savings potential in 
buildings with untinted, single-pane windows.

Automated System Optimisation
Traditional building automation system (BAS) relies on 
preset schedules and set points for building operations, 
automated system optimization (ASO) relies on real-time 
feedback. 

ASO uses ICT to collect and analyze building systems’ 
operational and energy performance data and make 
anticipatory changes in operations based on external 
factors such as occupancy patterns, weather forecasts, 
and utility rates. 

Cloud-based remote building monitoring is growing in 
popularity. This approach lets building operators (or third-
party energy service vendors) monitor building 
performance through web-based energy management 
platforms.

Distributed Energy Sources
Distributed energy resources (DER) consist 
primarily of energy generation and storage 
systems placed at or near the point of use and 
provide power independent of the grid. 

Examples of DER include combined heat and 
power, solar photovoltaics and other renewables, 
and battery and thermal storage. 

DER relies on communications and control 
devices for efficient energy dispatch; adding a 
smart inverter to the DER gives it smart 
functionality.



Typical Energy Savings - Buildings

Regional Priorities in Buildings Sector

Source: ACEEE -Smart Buildings: Using Smart Technology to Save Energy in Existing Buildings Source: IEA (2015) – Transition to Sustainable Buildings – strategies and opportunities to 2015 



Financial Analysis

➢Choice of financial analysis tool
➢ Small investments

➢ Larger investments

➢Validated Calculations

➢Financial Analysis Methods

➢ Simple Payback

➢ Net Present Value

➢ Life Cycle Costing



Energy Auditing in Residential Buildings

➢ Collect all the Load details with a maximum demand of the 
Electrical Equipment

➢ Calculate the Usage of Load
➢ Plot the single line diagram according to the any simulation 

software.
➢ Plot Real time load curve by taking the energy meter kwhr for 20 

days.
➢ Calculate the connected load with respective to single diagram.
➢ Plot a graph in between years and Tariff
➢ Identify and calculate the unnecessary usage of power wastage in 

the layout with graphs
➢ Draw the Power Utilization Chart with respect to the Layout
➢ Calculate the daily utilization of Power by all the equipment’s and 

convert to pie chart.
➢ Data Collection of all the major equipment’s and find out the 

performance
➢ Interaction about the energy usage with suitable survey
➢ Identify the Energy Saving and Conservations Opportunity
➢ Report on suitable recommendation with existing and 

implementation suggestions
➢ Plot Cost Benefit Analysis with Breakeven Chart
➢ Check the earth resistance and report on the status of earthling in 

that concern
➢ Provide Awareness’ on Electrical Safety to the Person there.
➢ Submission of Suitable Energy Audit Report with Breakeven 

Analysis 



Typical Energy Saving Opportunities in Residential sector

➢ Unplug and switch off the entire electrical device of appliance that is not in used to reduce no-
load losses.

➢ Clean the light fixtures regularly as a heavy coat of dust can block 50% of light output.

➢ Clean the fans regularly as heavy coat of dust in fan blades reduces motor efficiency and 
output.

➢ Set your refrigerator temperature with respect to the climatic condition

➢ Defrost the refrigerator regularly and don’t leave your fridge open, 30% of cool air get escape as 
well as in microwave hot air is escaped.

➢ Run the washing machine with full load.

➢ Clean the Air conditioner duct and filter regularly to reduce the power consumption and 
increase cooling.

➢ Use the heavy load appliances in the non-peak load condition 



Technical Metrics
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