Energy saving opportunities in utilities for Building sector

Heat, Ventilation, Air Conditioning (HVAC) Efficiency 

Conditioning of air in building facilities is vital to ensure comfort. Being a very fundamental yet crucial segment of the facilities, this system also consumes the most electricity out of the overall consumption.

The energy consumption varies according to the setup and the installation of the system as well as with the maintenance. Decisions for new setups are often expensive and have long paybck periods, though also having the highest saving potentials.

Shorter payback periods can be achieved in optimizing the existing system. In order to address the most important consumers in the AC system and thus target at the highest saving potentials a look at the equipment wise energy breakup shows that compressors and water pumps are the major consumers of energy.  
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Figure: Equipmentwise energy consumption breakup of an average AC system of a Building
· Central cooling system, ensure that cooling system power loads are tailored to building's specific needs 

· System management to use HVAC only when needed

· Occupancy sensors for HVAC units installed in offices  
· Insulation: Insulate all heating and cooling lines/vessels using appropriate insulation thickness to minimize heat gains or losses.

· Building Envelope: Optimize the effective space requiring air conditioning through measures such as false ceilings and segregation of critical areas for air conditioning by air curtains.

· Building Heat Load Minimization: Minimize the air conditioning loads by measures such as roof cooling, roof reflectance, efficient lighting, optimal thermostat setting of temperature of air conditioned spaces, sun film applications, etc.

· Solar Heat Gain Control: Install awnings, overhangs, or low e-coated windows with low Solar Heat Gain Coefficient (SHGC) for renovation and new construction. 

· Select high-efficiency units when replacing HVAC equipment: Reduce energy bills by selecting higher-efficiency air conditioning units. Although some high-efficiency units may be more expensive than average-efficiency units, the higher initial payment can be recovered through increased energy savings in as little as two to five years.

· Combined Airconditioners and waste heat recoveries can save energy needed  for warm water heating

Insulation/ Building envelope

Insulation in the property should be one of the top priority. Although the investment for in retrofitting of existing buildings is expensive and payback periods are long simple insulation and sealing of leakages are one of the cheapest way to improve energy efficiency and have short payback periods, often in months.

· To prevent outdoor air and temperature from infiltrating conditioned space, install high-efficiency doors and windows wherever possible.  
· Glazing or films for windows is another option, particularly for buildings in which window replacement is neither cost-effective nor practical. Glazing lowers the emissivity (i.e. radiation) of surfaces and reduces ultraviolet rays responsible for fading fabrics and furnishings.

· Double Glazing of windows will reduce heat loss compared to a single glazed window by up to 70%.

· Shades – curtains and architectural elements, trees 

· Insulated roof area, especially rooftops exposed to direct sunlight

· Wall insulation, especially on walls exposed to direct sunlight

Ducts/ Duct Sealing

Efficient production of conditioned and heated air would be wasteful if the distribution of it is being leaked along the delivery process. Thus it is vital to ensure that the central air conditioning is being dispensed effectively to the intended areas.  

· For central air conditioning to be efficient, ducts must be airtight

· detect and correct duct leaks
· newly sealed ducts reduced their energy consumption by 16%

· Thoroughly examine ducts, filters, intakes and all other parts of the air circulation and delivery system

· To keep conditioned air inside, check and repair any leaks in seals and insulation around building partitions and ductwork in the HVAC system.
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Figure: Common areas of Energy losses with ducts

Ceiling Fan Efficiency

Ceiling fans in buildings are sometimes overlooked in terms of their electricity consumption. Yet with their 24/7 operational period, their cumulative consumption should not be ignored. Typical ceiling fans, through inefficient blade and motor design, convert only approximately 1% to 2% of the energy reaching the motor is converted into beneficial air movement. There are several measures that could be carried out to make the fans perform more efficiently. 

· By twisting and tapering the blade they can achieve up to 40% more airflow than a conventional fan while using the same motor. 

· The combination of the blades and the smaller motors allow these fans to use approximately 50% less energy than a typical fan. 

· Advanced remote controls that turn the fans on and off and adjust their speed based on room temperature. 

· Motion sensors, which turn the fans on or off when someone walks into the room

Lighting

Lighting is usually one of the best and simplest opportunity to reduce energy cost. In addition to this, efficient lighting provides immediate, consistent savings with no impact on the overall guest experience. Several measures that could be taken includes: 

· Occupancy censor and a low-level nightlight feature

· Key activated lightings 

· Lights upgraded to use energy-efficient compact fluorescent light bulbs

· Timers during off-peak hours 

· De-lamping unneeded fixtures especially those behind the scenes that does not affect guest experience and comfort

· Install task-lighting, that directs light exactly where it is needed, LED task lighting 

· Lighting for signage – LED

· Using low wattage CFLs or LEDs instead of conventional incandescent lighting
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Table: Comparison of electricity costs between LED lights and Incandescent Bulbs

Water Management

More water used means more energy required to provide the heated water and the sewage of it. To save on the energy required, there is a need to identify:

· How much water used

· Where the major usage occurs 

· Which of these can be improved 

Apart from identifying the source and utilizations, some measures could be taken:

Water Quantity savings

· Low flow pre-rinse spray valve, save on water, sewer charges and energy costs and improve the cleaning of dishes and cutlery, and pays back for itself in less than two months.

· High-efficiency pumps replace most water circulation pumps

· The adoption of a linen and towel reuse program
· Ultra-Low-Flush (ULF) Toilets - Low flow toilets can save 4-6 gallons of water per flush.

· Low flow shower heads can reduce consumption by 50% or more.

· Installing aerators on faucets can save between 3 and 17 gallons per day, per faucet.

Hot Water Generation Savings

· Boilers: Install high efficiency condensing boilers for heating hot water – All gas and propane-fired boilers should be modulating condensing boilers with efficiencies higher than 90 percent. This is about 30 percent more efficient than most older boilers. Also, condensing boilers operate very efficiently at low loads. Most new installations utilize two or more smaller, modular boilers rather than a large boiler.

· Install a high efficiency hot water heater – New high efficiency hot water heaters use much less energy to heat water.

· In warm months, reduce outside air outside intake, especially when enthalpy is high – Many facilities bring in too much outside air during warm and humid periods.

· Repair (and upgrade where necessary) insulation on steam, hot water and chilled water piping. Consider “wicking” insulation on chilled water piping – Much of the installation on existing steam, hot water and chilled water piping was installed when energy was cheaper. Additional insulation will further reduce piping losses.

· Install variable speed drive(s) on the hot water pumping system(s) – All continuously operating hot water pumps should have variable speed drives that reduce pumping energy during periods of low hot water use.

· Obtain “free” hot water from the chiller(s) or other air conditioning units. Consider adding a new “heat recovery” chiller to produce hot water – Facilities which require cooling most of the year can obtain “free” hot water from their refrigeration equipment. 

Combined Heat Power / Cogeneration

CHP will create a setting which is independent of the fluctuation of electrical tariff prices and also electricity outage. This means having a self controlled on site generation of electricity. Though the usage of gas shall increase to operate the CHP, it would be efficient and economical as the transfer losses are reduced as compared to long distance transmissions of electricity through the grid. The following figure illustrated the savings that could be achieved with CHP.
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Figure illustrates the comparison of consumptions with CHP and conventional method. 

In addition to this, CHP could contribute to energy reliability and cost savings by:

· Reduce operating costs and control rising energy costs.

· Ensure the availability of reliable hot water and electricity supply.

· Increase energy efficiency and improve environmental performance.

· Larger buildings with central cooling systems can use larger CHP systems (i.e., 300 kW and greater) by incorporating absorption chillers that increase thermal energy recovery and provide both air conditioning and heating.

· Using fossil fuel (gas) to generate electricity on site. 

· Though the fossil fuel consumption will increase, any rise in gas cost will be offset by the saving in electricity cost. 

· Cost savings - CHP’s high efficiency leads to a reduction in the use of primary energy. Precious fuels are used much more efficiently, so less is used. And less fuel used means significantly lower energy costs to the end user. Savings vary, but can be between 15% and 40% compared to imported electricity and on-site boilers.

· Increased security and power quality - CHP systems can be designed to continue to operate and serve essential loads during an interruption to mains power supplies, increasing security of energy supplies. CHP can also supply higher-quality power than that from the grid - this can be important for computer data centres etc. 

· Heat efficiency can be raised by 30 percent as compared to separated generation. Centralized heat supply is 50-percent more efficient than small boilers.

Renewable Energy 

Solar Water Heating (SWH)

The continuing increases in the sector's electricity tariffs as well as problems associated with the electricity supply such as outages and voltage fluctuations have aided the market for solar hot water systems. Most parts of India receive high amounts of solar radiation, which makes SWH systems financially viable. MNRE operating through the IREDA and other public sector organizations provides soft loans to domestic and institutional solar hot water systems, which makes the investment more attractive. All these factors have contributed to the installation of over half a million square metres of collector area in the country.

Currently, a lot of buildings uses individual water heater. 

· Solar water heating can be very attractive financially when compared to electric resistance water heaters in areas where the cost of electricity is high.

· In areas with frequent electric outages, a SWH system can enhance the reliability of the overall water heating system. This is particularly relevant in an application such as a hotel, where the availability of hot water is highly valued.

· The piping design is critical in thermosiphon systems to avoid reverse-siphoning, air locks, slow circulation and corrosion problems.

· Where SWH systems replace or augment electric water heaters, they can serve as a good demand side management and load shaving option for electric utilities.

It is estimated that the annual O&M cost of the central solar water heating (SWH) system is lower than the cost of maintaining individual electric water heaters. It is estimated that for the base case, the individual electric water heaters would need to be replaced at a rate of 8 water heaters (at INR2,500) every 10 years. This constitutes a periodic credit of Rs.20,000 for the SWH system.
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Figure: Dish of a 150 KW Solar Water Heating System

Solar Photovoltaic (PV)

A rooftop or on-site solar PV array can reduce dependence upon the electricity grid and also replace diesel-fueled backup generators, when it is used in combination with a backup system. Solar PV is eligible for central financial assistance when it replaces diesel generators in urban areas. In addition, solar energy can become eligible for feed-in tariffs, which set a fixed, higher price for solar PV fed into the grid, depending upon future regulation by the Indian Government or State Governments.  Solar PV is still expensive but can become attractive depending upon use and availability of subsidies or feed-in tariffs.

A solar system can consist of several components

· Solar modules. These deliver the electricity and can be bought specifically for on-grid or off-grid performance. They are combined in an array.

· Structure and interconnections

· A solar inverter.  This device is necessary for feeding electricity into the grid. It converts DC output into AC. It will usually have an integrated net meter to measure the electricity fed in.

· A backup system (including battery). This is particularly useful when the solar PV array replaces (part of) diesel generator capacity.

In terms of the current subsidy regime and the off-the-shelf backup systems that are available, replacement can be attractive for individual diesel generators up to 100 kW output. A study by C.R. Bhattacharjee in the eNREE newsletter finds that solar arrays are competitive with diesel generators in India at the micro level (20-30 kW) under current incentive regimes, at a cost of around 12 rupees per kWh. Due to constantly decreasing cost for solar PV, uncertain cost for diesel fuel, and expected future incentives, a solar PV array can be an attractive option for replacing aging diesel generators.

List of various energy efficiency measures in buildings:
· Installation of energy efficient motors

· Copper chokes to be replaced by electronics ballasts

· Installation of infrared controlled timers to control remote / outdoor lighting

· Installation of voltage controller on dedicated lighting circuit to operate at low voltage during daytime or period when occupancy is low.

· Installation of lighting dimmers in public areas.

· Installation of key tag/switch system 

· Replacement of single skinned AHUs with double skinned AHUs along with separate supply and return ducts

· Replacement of less efficient chillers with more efficient chillers

· Replacement of metallic cooling tower fan blades with Ferro-Reinforced Plastic (FRP) blades.

· Installation of small offline dedicated filter for cooling tower water

· Modifying constant primary only chilled water system to constant primary and variable secondary chilled water system

· Installation of adequate building automation

· Installation of waste heat recovery system to reclaim waste heat
· Proper installation of boiler

· Burner modulation in boilers

· Install / replace constant speed lift motors with new design variable frequency lift motors

· Installation of solar hot water for preheating of makeup water for boilers

Figure explanation:


Leaky duct connection


Return leaks


Furniture blocking register


Leaks at furnace and filter slot and duct tape failure


Fallen duct insulation


Supply leaks


Kinks in ductwork restricting airflow











