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LLEELA EELA KKEMPINSKI EMPINSKI HHOTEL OTEL --  BBOMBAYOMBAY

LK-1LK-1 Executive SummaryExecutive Summary

The Leela Kempinski Hotel is located in Bombay.  The facility has eight guest floors (432 rooms),
one service floor housing piping, a mezzanine, a lobby floor (ground floor), and a basement which
houses mechanical rooms and support services.   The hotel is 12 years old.   Guest amenities
include five restaurants, a swimming pool, 12 banquet halls, gift shops, a fitness room, and a
business center.

This report looks at the facility’s existing energy consumption patterns, provides a description of
the building’s energy-using systems, previous facility energy conservation activities, and describes
energy conservation opportunities (ECOs).  Specific ECOs are recommended based on
calculations provided in this report.

The hotel’s energy sources are electricity, light diesel oil (LDO), high-speed diesel (HSD), and
liquefied petroleum gas (LPG).  Of these, electricity is the most important as it represents 90% of
the hotel’s energy cost.  This is followed by LDO at 7%, HSD at 1%, and LPG at 2%. Table LK-
2 summarizes facility energy consumption and associated energy pricing.

Together, the survey team and facility staff identified fourteen ECOs.  After analysis of the
opportunities, eleven are recommended for implementation. 

The total energy cost savings of the recommended measures is Rs. 8,561,000 (US$ 276,000). 
This equals 17% of the hotel’s current energy budget.  If all recommended measures are
implemented, the total savings would be reduced slightly because of interactions among the
ECOs.

Table LK-1 summarizes the recommended opportunities.

The survey team recommends that the facility management hire local engineering consultant(s) to
help in the design and implementation of those ECOs not familiar to the facility technical staff. 



Table LK-1   
Summary of Estimated Savings from Implementation of Recommended ECOs

Description of Recommended ECODescription of Recommended ECO ImplementationImplementation
Cost (Rupees)Cost (Rupees)

AnticipatedAnticipated
Annual SavingsAnnual Savings

(Rupees)(Rupees)

InvestmentInvestment
PaybackPayback
(years)(years)

Light DieselLight Diesel
Oil AnnualOil Annual

SavingsSavings
(liters)(liters)

ElectricityElectricity
AnnualAnnual
SavingsSavings
(kWh)(kWh)

ECO # 1    Variable Speed chilled Water (CW) Distribution 2,418,093 432,984 5.5 - 108,246

ECO # 2    Direct-Fired Absorption Chillers NOT RECOMMENDED

ECO # 3    High-Efficiency Centrifugal Chillers 7,595,000 2,173,248 3.5 - 543,312

ECO # 4   Cooling Tower Plant Controller 465,000 122,902 3.8 - 30,726

ECO #5    Provide a Dedicated Facility Energy Conservation
Staff

360,000 497,866 0.7 6,082 112,200

ECO # 6   Lighting Efficiency Upgrades 5,905,266 2,873,871 2.1 - 670,033

ECO # 7   Boiler Exhaust Stack Heat Recovery 279,000 205,437 1.4 34,469 -

ECO # 8   Boiler Fuel Atomization & Burner Modulation
Control

NOT RECOMMENDED

ECO # 9   Boiler Insulation Upgrade 13,702 12,896 1.1 2,165 -

ECO # 10 Steam Distribution/Condensate Return Efficiency PROVIDED FOR REFERENCE

ECO # 11  Guest Room Lighting Control 2,678,400 592,704 4.5 - 148,176

ECO # 12  Solar Preheating for Domestic Hot Water 6,564,250 1,030,750 6.4 172,784 -

ECO # 13  High-Efficiency Motors for Air-Handling Units 571,795 413,000 1.4 - 103,250

ECO # 14  Water Consumption Reduction 200,880 205,279 1.0 19,432 2,207

TOTALSTOTALS 27,051,38627,051,386 8,560,9378,560,937 (avg.) 3.2(avg.) 3.2 234,932234,932 1,718,1501,718,150



Resource Management Associates of Madison, Inc.         LK-3

LK-2LK-2 Description of FacilityDescription of Facility

The Leela Kempinski Hotel is a five-star luxury hotel located in Bombay.  The Kempinski Hotel
Group is affiliated with Lufthansa Airlines.  Guests who use this hotel are primarily foreign
business travelers, although wealthy foreign tourists also use the facility.

The Leela Kempinski Hotel in Bombay is 12 years old.  It has eight guest floors which contain
432 guest rooms.  The guest rooms range from standard single room accommodations to three-
room suites.  In addition to the guest rooms, the hotel offers five restaurants, five banquet halls, a
health club, an outdoor swimming pool, and a business center.

The exterior of the building is masonry with a large number of windows.  Several years ago, the
windows were all replaced with single-pane glass and vinyl framing.  The retrofit was done to
reduce maintenance and outside air infiltration.

The facility has an extensive engineering and maintenance department that maintains and plans
changes to the hotel.  In addition to the in-house staff, local experts are consulted when necessary. 

LK-3LK-3 Facility Energy UseFacility Energy Use

The major sources of energy consumption are electricity, LDO, and LPG.  Electricity is provided
by a local utility whereas LDO and LPG are purchased and stored in tanks.  See Table LK-2 for
rates.

The supply of LDO and LPG is quite reliable.  In addition, LDO and LPG rates are comparatively
more stable than electricity rates.

Of the fuel sources, electricity has a 90% share of the hotel’s energy costs.  A 16-month
consumption pattern for the hotel's major energy sources is presented in Figure LK-1.  Electricity
consumption increases in conjunction with the air conditioning demand.  LPG use is quite erratic.
Since LPG is used primarily for cooking, the fluctuation would be expected to be an indicator of
hotel occupancy.  LDO remains fairly stable, although consumption began to rise at the end of
1994.  The demand for LDO is expected to relate to the demand for hot water and space heating.  
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Table LK-2   
Hotel Leela Kempinski Total Energy Consumption

Description Electricity High-Speed
Diesel (HSD)

Light Diesel Oil
(LDO)

Liquefied
Petroleum Gas

(LPG)

High Heating Value
kcal/kg
Btu/lb

9,500
17,106

10,700
19,267

11,642
20,931

Average Density
kg/liter 0.93 0.86

Annual Consumption
kWh/year
liters/year
kg/year
MMBtu/year

11,220,000
6,760 608,210

22,208
99,692
4,598

Average Cost per Unit
In Local Currency,

per kWh
per liter
per kg

In $US
per kWh
in $US/MMBtu

4.0

0.13

8.50

7.82

5.96

5.27

12.3

8.57

Annual Cost
In Local Currency
In $US
In % of Fuel Costs

44,880,000
1,447,742

90.1

57,460
1,854

0.1

3,624,932
116,933

7.3

1,226,212
39,555

2.5

NOTES:
Local currency: Rupee (Rs.)
Exchange Rate: 1 $US = 31 Rs.
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Figure LK-1
Energy Consumption Pattern - January 1994 through May 1995
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LK-4LK-4 Description of Existing Energy-Using SystemsDescription of Existing Energy-Using Systems

Air Conditioning
The peak building air conditioning load is approximately 700 tons.  Air conditioning is provided
by a chilled water (CW) system consisting of five chillers and pumps. A schematic of the system is
shown in Figure LK-2.  The pumps and chillers are configured in what is known as a parallel
arrangement.  The pumps are connected to the chillers via a common pipe, also known as a
common header, which allows any one pump to be used with any given chiller.  The hotel
mechanical staff operates the chiller(s) and pump(s) combination necessary to meet the space
cooling loads.  These chillers and pumps are brought on or off line manually to maintain a
constant CW supply temperature.  Typically this ranged from between 10EC (50E F) and 12EC
(53.6EF), depending on the season and air conditioning load.

The system design consists of chilled water coils (CWC) located in air handling units (AHUs) and
fan coil units (FCUs).  The AHUs serve the public spaces, while the FCUs serve each individual
guest room.  Outside air (ventilation air) is provided to the guest rooms by outside air AHUs. 

The control strategy consists of three-way, two-position bypass automatic control valves at each
FCU and AHU cooling coil.  The three-way valves are controlled by thermostats located in the
guest rooms or by a return air sensor located in the return air plenum, in the case of the public
areas.  On a call for cooling from the thermostat, the three-way valve is opened to allow full flow
of chilled water through the cooling coil.  Once the thermostat set point is satisfied, the control
valve is opened to the full bypass position. 

The CW piping system does not contain any means of balancing the pressure drops and flows to
the various loads in the system.  This is not a desirable situation since short cycling of water is
likely to occur and deprive the coils downstream of the flows required to meet the loads.  At
present, the only means available to satisfy the furthest coils is to increase the system pressures
and flows through the CW pumps.  This results in over pumping, lack of temperature control, and
increased operating costs.  These situations can be corrected by balancing the flow in the system.
There are typically two ways of achieving flow balance in the system: calibrated balancing valves
or properly selected automatic control valves.

The air control on the CW system consists of automatic air vents located in the return piping at
the roof terrace level.  The expansion make-up tank consists of an open tank located on the roof
terrace and connected to the CW return pipe at this level.  The open tank provides a surface for
air, particularly oxygen, to enter the CW system.  

Entrained oxygen has two major undesired consequences: (1) it reacts with the steel pipe and
leads to corrosion of the pipe and (2) being a poor conductor of heat, it lowers the heat transfer,
and thus efficiency, at the coils.  It is recommended that a compression tank and a centrifugal air
separator be installed in the system.
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Heat is rejected by multiple cooling towers piped in parallel.  Similarly, the cooling tower pumps
are also arranged in parallel (see Figure LK-2).  The pumps and tower fans are brought on
manually as the load increases.  The load is monitored using the refrigerant head pressure in the
chiller and the condenser water supply temperature.  The operator is able to determine whether to
bring on additional cooling towers and pumps or to turn them off.

Figure LK-2    
Schematic of Existing Air Conditioning System 
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Both the CW and condenser water are treated for hardness.  This is good for the system as it
minimizes scaling in the piping and, more importantly, in the coils and the tube surfaces of the
chiller.  There is, however, no treatment being done to control biological growth and corrosion. 
Both are important as they affect the longevity  as well as efficient operation of the system.  Algae
formation in the cooling tower sumps was reported as being a problem.  Corrosion problems were
not prominent, mainly because of the wood construction of the cooling towers.  A water
treatment schedule is recommended as it will reduce maintenance while improving system
endurance and performance.

Air-Handling Systems
The AHUs are single zone, packaged units, each containing permanent filters made from fibrous
material, a four- or six-row cooling coil, and a centrifugal supply fan.  The supply air is ducted,
while return air utilizes return air plenum formed by the space above the false ceilings (see Figure
LK-3).

Supply air is introduced into the public areas through continuous grilles that are a combination
supply and return.  This arrangement is not very desirable as it leads to short-cycling of part of the
supply air directly into the return air plenum.

Outside air is introduced into the return air plenum through a louver opening located in the
outside wall near the AHU.  In most cases, these openings were found to be blocked off. 
According to the hotel’s mechanical staff, infiltration directly into the public areas was being used
as the source of ventilation.  This is not a recommended means of meeting the building’s
ventilation needs.  There are two concerns with this method: (1) The amount of infiltration is
uncontrolled and will result in loss of building air balance or pressure control.  (Building pressure
control is essential for proper functioning of the ventilation and exhaust systems.)  (2) If the
building were to be negatively pressurized relative to the outside, unconditioned outside air would
be introduced directly into the space resulting in loss of space temperature control and comfort.

Most AHUs are started and stopped based on use or occupancy of the space.  The lobby and the
guest room ventilation AHUs are run twenty-four hours a day.  The AHUs in other areas are
typically run during office hours, whereas the banquet hall units are run only during the time when
functions are taking place.

Ventilation air to the guest rooms is provided by two central AHUs which run continuously.  The
units bring in 100% outside air, cool it to approximately 65EF, and then distribute it to each guest
room.  This system is designed to introduce 50 to 60 cubic feet per minute (cfm) of ventilation air
into each room.  The air is introduced directly into the room through a grille.

Air balancing dampers were typically not used and if they were they had very high leakage rates
making them ineffective.  Balancing dampers are useful for setting the right amount of air required
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by the space.  This can improve comfort in the spaces as well as reduced airflow requirements at
the fan.

Figure LK-3
Schematic of Typical Air Handling Unit (AHU) Serving a Public Area
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Exhaust Systems
The building exhaust system consists of central exhaust fans with distributed exhaust ductwork. 
Air-balancing dampers are not used, so the grilles farthest from the exhaust fans are starved of air. 
Typically, these fans run continuously.
    
The kitchens are equipped with kitchen exhaust hoods.  The outside air for some of the kitchen
hoods is introduced into the space through a dedicated AHU, which uses air washers to
evaporatively cool the air.  However, in some cases, the fresh air is conditioned from the central
chilled water system.  The kitchen exhaust hood fans are generally operated a few hours during
lunch and then again during dinner time.  The exhaust fans are typically located on the roof
terrace and consist of centrifugal fans mounted in an exhaust air plenum.  

The exhaust ductwork is a low-velocity system.  This is not good for kitchen hoods, since the air
generally carries grease vapors which can get deposited in the ductwork at low air velocities. 
This deposited grease in the ductwork could also become a potential hazard in case of fire
outbreak below the kitchen hood.

Heating Systems
Bombay has a relatively cool winter (low temperature of 5EC) which requires buildings to be
equipped with central heating systems.  Heating is generally required for only one or two weeks in
the year.  Heating is accomplished by circulating hot water through the same piping and coils as
the chilled water system.  The system is switched over to the winter mode by isolating the chiller
plant and opening the gate valves at the tie-in piping from the heat plant.  This changeover is done
manually by the operating staff, based on the needs of the occupants.  A separate set of pumps is
used for the distribution of hot water, and heating is only provided in the guest rooms.

Steam Production
Steam is produced to make domestic hot water, heat for drying clothes, and heat for cooking. 
The boiler room has two 2,000 kg/hr water tube boilers.  The boilers utilize LDO which is similar
to a Number 2 fuel oil.  Only one boiler is run at a time, with the other serving as a backup. 
Typically, the stand-by boiler is not kept warm.  The boiler is shut down nine hours each day.   

The boilers are forced-draft with mechanical fuel oil pressurization.  The burner operates using an
on/off control strategy based on steam pressure.  Typical operating pressure is 110 to 130 psig of
saturated steam.  Every 15 days, the stand-by boiler is turned on, and the active boiler is put on
stand-by.  This is done to even the wear on the boilers and to allow downtime for maintenance. 
Stack temperature is reported as 220EC (428EF) on high fire.  Presently, no stack heat recovery is
in place.

Although the boilers are very well run, several opportunities exist to increase fuel utilization
efficiency.  The first option considered is to install a burner package which will allow atomization
of fuel by using compressed air along with a burner that has modulation capability.  These will
provide an improved flame pattern despite varying viscosities of fuel; changing viscosities of fuel
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are reported to be common.  In addition, a modulating burner will reduce the purge cycle loss. 
By matching the burner firing rate to the load, the boiler is less likely to cycle off.

The survey team observed that stack heat recovery is not practiced.  Recovering lost heat in the
boiler exhaust will improve fuel utilization efficiency.  Recovering heat from the exhaust stack
gases and preheating boiler feed water with the recovered heat will reduce energy consumption.

The ends of the boilers have high surface temperatures.  By installing additional insulation on the
ends of the boilers, heat loss can be reduced.  Care must be taken to allow for maintenance access
after the insulation is installed.

These ECOs are described in Section LK-6 of this report.  Calculations to quantify the benefits of
these opportunities are presented in Appendix LK-A.

Lighting
Lighting technologies used by the hotel include incandescent bulbs, four-foot fluorescent lights
with magnetic ballasts, locally produced electronic ballasts for the four-foot fluorescent fixtures,
and magnetically ballasted compact fluorescent lamps.

The facility is investigating new lighting technologies, although they are running into reliability
problems with the lighting products produce by local entrepreneurs.

Since aesthetics are important in a hotel, the “look” of the lighting in critical.  The reliability of
lighting is also important because burned out lights in guest areas are an inconvenience to the
guests and a maintenance problem.

Guest room lighting includes 25-watt and 60-watt incandescent bulbs.  20-watt mirrored reflector
lamps are also used.

Advances in lighting technology have produced quality light sources with a high degree of
reliability.  The quality, high-efficiency light sources cost many times more than standard
technologies, but the difference in price is easily paid for by reduced energy consumption and
extended life.   Experience has shown that low-cost imitations of these technologies typically
result in low reliability, minimal energy savings, or both.

For most applications, incandescent bulbs have a high lifetime cost, even if the bulbs were free. 
This is because of their heavy energy consumption.  Typical replacements include halogen
incandescent bulbs and compact fluorescent lamps.  

Four-foot fluorescent tube lights also have great opportunity for energy savings.  Both the ballasts
and the lamps have been greatly improved.  The electronic ballasts and triphosphor lamps produce
the same light for about one-half of the energy.
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Specific recommendations of these technologies are discussed in Section LK-6, and analysis to
quantify each ECO’s savings is presented in Appendix LK-A.

Electrical Generators
The Leela Kempinski Hotel has two diesel generators of 759 kVA each.  They are a Cummings
engine and a Kirloskar generator.  The generators back up the hotel’s maximum load of 1,900
kVA.

HSD fuel is used in the generators.  Each day the generators are exercised without load for about
five minutes.  Every Friday, the generators are operated for 15 minutes under load.  Typically, the
generators are needed about two times per year when utility-supplied power is interrupted.

Because of the low operating hours, no ECOs with the generators are considered.

Kitchens
The hotel kitchens use electricity, steam, hot water, and LPG to provide the guests with a wide
variety of foods.  Lighting, dishwasher elements, refrigeration, and motors are the main electrical
users in the kitchen.  Steam is used for large heating kettles and dish washing.  Hot water is used
in food preparation as well as for dish washing and general cleaning.  LPG is used for cooking.  

Since a large amount of air exhausts from cooking areas, short-cycle exhaust hoods present an
opportunity to minimize conditioned air loss in kitchens.

Section LK-6 discusses this specific recommendation.  Analysis of the savings potential is
presented in Appendix LK-A.

Domestic Water Heating
Domestic water heating includes the hot water needed for guest rooms, kitchens, laundry, health
club, and maintenance.  Hot water is produced by a “calorifier”.  The calorifier is a large tank
which has a steam coil inside of it.  As hot water is used, cold make-up water is supplied to the
tank.  The steam coil is operated to keep the water inside the tank at a constant 55EC (131EF).

An energy-saving opportunity exists in the preheating of the incoming cold water.  Given the large
amount of solar energy available in India, city water could be preheated prior to entering the
calorifier.  Final heating in the calorifier will ensure a constant hot water temperature regardless of
sunlight availability.

Section LK-6 discusses this recommendation.  Analysis of the savings potential is presented in
Appendix LK-A.
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LK-5LK-5 Energy Conservation HistoryEnergy Conservation History

The technical staff of the Leela Kempinski Hotel is very conscious of the facility’s energy use. 
They track all fuel use, and produce electrical demand plots based on hourly readings.  (See
Appendix LK-B, photo 1.)  Their tracking includes comparisons of present consumption versus
the consumption during the same period one year ago.  The chief engineer, Mr. Dhali, recently
received a hotel energy management award.  The award was given by an Indian hotel trade
journal.

Although energy cost is only a small portion of the hotel’s overall operating cost, it has potential
for reduction.  To reduce energy costs, the hotel has implemented the following measures:

The following is a list of past or ongoing energy conservation efforts at the facility:

C Converted two-lamp fluorescent fixtures to single-lamp fixtures in areas where light levels
were too high

C Hotel tunes up boilers every three months

C Installed system in laundry to recover flash steam and use it to heat water 

C Put timers on exterior night lighting to ensure minimum run hours.

C Installed chiller optimizer to set chilled water temperature based on return and outside
temperatures

C Placed sensors on guest room doors to turn fan speed motor to low when room is vacant 

C Placed solar heater on roof to heat water for outdoor pool (See Appendix LK-B, photo 4)

C Electrical demand plots are made to track peak usage.  The plots are based on hourly readings. 
(See Appendix LK-B, photo 1.)

C One chiller has a condenser bundle heat reclaim system.  It preheats domestic hot water during
winter months

C Currently testing Sylvania “globed” compact fluorescent lamps  (See Appendix LK-B, photo
2.)

C Retrofitting existing four-foot fixtures with electronic ballasts as existing ballasts fail

C Considering implementation of an energy management system
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C Implementing power factor correction at main service entrance to reduce monthly peak kVA. 
A component of their monthly bill is based on kVA 

Implementation of these ECOs demonstrates a considerable energy conservation awareness.  
During this survey, the plant staff worked with the survey team to identify many other
opportunities for energy conservation.  Section LK-6 discusses these opportunities, and Section
LK-7 provides the survey team’s recommendations of which opportunities to implement.

LK-6LK-6 Summary of ECOsSummary of ECOs

Following is a summary of the potential ECOs that were identified and evaluated.  The complete
calculations are given in Appendix LK-A.

The ECOs presented in this report are based on information received during the survey.  Cost
estimates are based on United States pricing at the time of the survey.  From this, estimates were
calculated and are presented in Appendix LK-A.

Assumptions were made in a conservative direction.  If the facility wishes to recalculate the
savings based on modified conditions, Appendix LK-A will guide their calculations.

ECO-1: Variable Speed Chilled Water (CW) Distribution

The existing chilled water system is controlled manually by operating a combination of chillers and
pumps to meet space cooling load requirements; however, comfort and energy efficiency can be
improved by converting to a primary/secondary system with variable speed distribution and
automatic controls. 

With a primary/secondary configuration, chilled water generation and distribution functions are
separated.  The chillers are located in the primary loop and generate the CW.  A distribution pump
located in the secondary loop conveys the CW to the air handling and fan coil units that provide
cooling to the various spaces.

The primary/secondary loops have separate pumps.  This allows the secondary pump speed, and
thus flow, to be varied to match the cooling load without affecting operation of the chillers which
require a constant flow at all loads.  Since there are a lot of hours in the year when the cooling
load is below design maximum and the CW flow requirements are correspondingly reduced, a
variable speed drive allows the pump to operate at slower speeds.  This reduces pump brake
horsepower requirements and thus the energy consumed by the pump.

Annual Energy Cost Savings: Rs. 432,984 (US$ 13,970)
Annual Electricity Saved: 108,246 kWh
Total Cost of Implementation: Rs. 2,418,093 (US$ 78,000)
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Simple Payback: 5.5 years

(See Appendix LK-A, ECO 1 for detailed descriptions and calculations involved with this ECO.)

ECO - 2: Direct-Fired Absorption Chiller(s)

This ECO considers replacing existing electric chillers with one 700-ton, two-stage direct-fired
absorption chiller that uses LDO as its fuel.

This unit can be installed after removal of the existing electric chillers and with some
modifications to the existing cooling tower and chilled water piping inside the chiller plant room. 
LDO supply piping and combustion intakes will need to be provided.  Also, the products of
combustion will need to be removed via a chimney venting system.

The economic feasibility of absorption cooling depends on the cost of the alternative fuel sources,
in this case LDO.  Higher electricity rates as compared to LDO will favor absorption cooling
more.  Using the present utility rates for both electricity and LDO, the approximate monthly run
time and the COP of the existing chillers and the absorption units, an economic analysis was
conducted to calculate the simple payback.

Annual Energy Cost Savings: Rs. 2,117,807 (US$ 68,312)
Annual Electricity Saved: 1,785,005 kWh
Annual LDO Saved: 28,995 liters
Total Cost of Implementation: Rs. 14,601.000 (US$ 471,000)
Simple Payback: 6.9 years

(See Appendix LK-A, ECO 2 for detailed descriptions and calculations involved with this ECO.)

ECO - 3: High-Efficiency Centrifugal Chillers

The efficiency of the existing chillers is lower than that of chillers available today.  Also, the
existing chillers use R-11, which is an ozone-depleting refrigerant.  This refrigerant has been
banned under the Montreal Protocol and will be phased out of production by the end of 1995. 
Only recycled R-11 will be available thereafter.  It is anticipated that the price of recycled R-11 is
likely to go up significantly.  Therefore, operating R-11 machines in the future will be more
expensive, especially if the refrigerant has to be replaced regularly to overcome losses due to leaks
or maintenance repair.

This ECO looks at replacing all the existing chillers with two 400-ton, high-efficiency centrifugal
chillers that have a lower kW/Ton rating and use non-CFC refrigerants, such as HCFC-123 or
HFC-134a.  These units can be installed after removal of the existing electric chillers with
relatively few modifications to the existing cooling tower and chilled water piping inside the
chiller plant room.
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Annual Energy Cost Savings: Rs. 2,173,248 (US$ 70,104)
Annual Electricity Saved: 543,312 kWh
Total Cost of Implementation: Rs. 7,595,000 (US$ 245,000)
Simple Payback: 3.5 years

(See Appendix LK-A, ECO 3 for detailed descriptions and calculations involved with this ECO.)

ECO #4 - Cooling Tower Plant Controller

At the present time, the cooling tower fans and pumps are brought on manuyally to maintain a
constant condensers supply temperature to meet the system load.  With a cooling tower plant
controller, the condenser's supply water temperature set point could be reset to a lower value
during cooler months.  This would result in energy savings because of the more efficient chiller
operation.  In addition, the starting and stopping of these fans and pumps can be controlled with
greater accuracy to more closely match the system load, thereby eliminating excessive fan or
pump run time.

Annual Energy Cost Savings: Rs. 122,902 (US$ 3,966)
Annual Electricity Saved: 30,726 kWh
Total Cost of Implementation: Rs. 465,000 (US$ 15,000)
Simple Payback: 3.8 years

(See Appendix LK-A, ECO 4 for detailed descriptions and calculations involved with this ECO.)

ECO #5 - Provide a Dedicated Facility Energy Conservation Staff

A common obstacle to energy conservation is finding staff time in the daily duties to identify and
implement energy conservation opportunities.  If a technical staff member’s duties are shared
between both facility operations and energy conservation, he typically must put energy
conservation as a second priority.  Since it is rare for facility staff to be caught up with their work,
the energy conservation opportunities are usually delayed.  Given the large expenditures on
energy, a dedicated energy conservation staff will easily pay for their salaries through the
reduction and avoidance of energy costs.  

The staff should include one engineer, one mechanical technician, and one electrical technician.
This staff will be responsible for identifying, prioritizing, designing, implementing, and tracking
results of energy conservation opportunities.  This staff will also be responsible for finding funding
for the energy conservation opportunities.  Sources of funding not only include in-house
financing, but also such arrangements as shared savings with energy service companies.

The entire hotel staff is an excellent resource for locating energy conservation opportunities. 
Most facilities do not take advantage of this resource. With a facility energy manager, there is a
continuous  source of energy awareness, training, and a point of contact to submit conservation
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ideas.  An energy manager solicits input from the entire facility staff.  Contests and rewards
motivate employees to seek creative ways to save energy without negatively affecting operation
quality.

The energy conservation staff is a profit center.  They will not only pay for their salaries, but they
will also generate revenue for the facility by reducing overhead costs.  By reducing or preventing
the increase of energy consumption by only one percent, the annual energy cost savings will pay
the staff’s salaries, and generate some profit.

Annual Energy Cost Savings: Rs. 497,866 (US$ 16,060)
Annual Salaries: Rs. 360,000 (US$ 11,613)
Annual Profit: Rs. 137,886 (US$   4,448)

(See Appendix LK-A, ECO 5 for detailed description and calculations involved with this ECO)

ECO #6 - Lighting Efficiency Upgrades

The hotel has explored many high-efficiency lighting options.  Because high-efficiency lighting has
not been well established in India, end users have had many bad experiences with energy- efficient
lighting.  The difficulties have been with the reliability and quality of light output.  This is very
similar to the difficulties which were experienced in the U.S. when high-efficiency lighting was
first introduced.  The following are lighting technologies which will increase the hotel’s energy
efficiency.

Halogen Incandescent Bulbs
Halogen incandescent bulbs are designed to replace standard incandescent bulbs.  They are
typically used when there is some objection to using compact fluorescent lights. They reduce
energy consumption by 30% while putting out the same quantity of light.  Their light is whiter
than a standard incandescent, and their life is three to four times longer.  These bulbs are more
easily accepted than compact fluorescent lamps because they look very similar to a standard
incandescent bulb.

Compact Fluorescent Lights (CFLs)
CFLs are designed to replace incandescent light bulbs.  Using fluorescent lighting technology,
CFLs are four to five times more efficient than traditional incandescent light sources.  In addition,
they have a life time of 10 to 12 times longer than an incandescent bulb.  First-generation CFLs
had poor light quality which discouraged interior designers from approving their use.  Presently
CFLs are designed to closely match the light of frosted incandescent light bulbs.  The CFLs are a
well-established lighting source in U.S. commercial buildings.  Quality CFLs are available in India,
although the larger lighting companies must be contacted to find local outlets.  Phillips, General
Electric, and Osram Sylvania all carry high-efficiency lighting sources in India.  Since first-
generation CFLs are still being sold, the acceptable technologies must be specifically requested.
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Electronic Ballasts 
All fluorescent lighting has a ballast or “choke”.  Its function is to temporarily raise incoming
voltage so the electronic arc can be established in the fluorescent tube.  This ballast adds up to
35% to the rated wattage of the lamp.  Standard ballasts are made from copper wire windings
with an iron core.  High-efficiency electronic ballasts save energy by having a circuit board instead
of windings.  Electronic ballasts minimize energy loss in the voltage transformation process.  In
addition, electronic ballasts operate at 20,000 hertz or more.  This is compared to the 50 hertz
which the standard ballasts operate at.  By operating at a higher frequency, the light which is put
out by the tube is increased.  If high-efficiency lamps and ballasts were used at full capacity, they
would supply more light than the standard equipment.  To provide the same amount of light as a
standard-efficiency lamp, high-efficiency ballasts “under drive” the lamp.  By doing this, the lamp
and ballast combination use less electricity than stated on the lamp.  An example of this is the 32-
watt triphosphor lamp with an electronic ballast.  It puts out the same light as a 40-watt tube for
only 31 watts, including its ballast.

By implementing these lighting technologies, a large amount of electrical cost can be saved.

Annual Energy Cost Savings: Rs. 2,873,871 (US$   92,706)
Annual Electricity Savings 670,033 kWh
Total Cost of Implementation: Rs. 5,905,266 (US$ 190,492)
Simple payback: 2.1 years

(See Appendix LK-A, ECO 6 for detailed descriptions and calculations involved with this ECO.)
 

ECO #7 - Boiler Exhaust Stack Heat Recovery

The hotel staff presently monitors and operates their boilers very carefully.  With the present
boiler operation, several energy conservation opportunities exist which will reduce fuel
consumption while producing the same pressure steam.

Because exhaust gas temperature cannot be less than the steam temperature, 15 to 30% of the
boilers fuel value is lost up the exhaust stack.  A way to capture this lost heat is to install a stack
heat recovery heat exchanger.  The heat from the stack will be used to preheat boiler feed water. 
For every 11 degrees the boiler feedwater is increased, the boiler efficiency will be increased by
1%.

Annual Energy Cost Savings: Rs. 205,437 (US$ 6,627)
Annual Light Diesel Oil Savings: 34,469 liters
Total Cost of Implementation: Rs. 279,000 (US$ 9,000)
Simple Payback: 1.4 years

(See Appendix LK-A, ECO 7 for detailed descriptions and calculations involved with this ECO.)
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ECO #8 - Boiler Fuel Atomization and Burner Modulation Control

Presently, the boiler is operated using an on/off control strategy.  As with most equipment,
starting and stopping leads to inefficiency.  By implementing a modulating burner, the boiler will
operate continuously at varied loads.  This modulation will reduce fuel consumption by 1.6% on
average.  This calculation is based on empirical data displayed in Appendix LK-A.

Fuel consistency was noted to be a problem in all plants visited.  Boilers which use only pump
pressure for atomization typically are 2% to 8% less efficient than boilers which atomize the fuel
using compressed air.  This opportunity is to install air atomization when installing the modulating
burner.  This combination will maintain a consistent flame pattern even with variances in the
viscosity of fuel received.

By upgrading two boiler burners, it is estimated that a 3% efficiency improvement will be realized.

Annual Energy Cost Savings: Rs.    89,373 (US$   2,883)
Annual Light Diesel Oil Savings: 15,000 liters
Total Cost of Implementation: Rs. 682,2000 (US$ 22,000)
Simple Payback: 7.6 years

(See Appendix LK-A, ECO 8 for detailed descriptions and calculations involved with this ECO.)

ECO #9 - Boiler Insulation Upgrade

Because of annual maintenance required on boilers, it is common for the front and back of boilers
to lack exterior insulation.  This increases convenience while performing maintenance, but also
creates boiler heat loss which leads to very warm boiler rooms.  This opportunity is to install
board- or blanket-type high-temperature insulation on the ends of the boiler. 

Annual Energy Cost Savings: Rs. 12,896 (US$ 416)
Annual Light Diesel Oil Saved: 2,165 liters
Total Cost of Implementation: Rs. 13,702 (US$ 442)
Simple Payback: 1.06 years

(See Appendix LK-A for detailed descriptions and calculations involved with this ECO.)

ECO #10 - Steam Distribution Efficiency

The steam distribution system in general was in very good shape and well insulated.  This energy
conservation opportunity is to schedule an evaluation of the distribution system on a routine basis.
This evaluation is followed by immediate repair of leaks and losses discovered during the
evaluation.  The tables presented in Appendix LK-A show that small leaks of steam and
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condensate add up to real energy losses.  The tables are intended for future reference. Typically,
only a small amount of routine maintenance is necessary to repair leaks of this type.

(See Appendix LK-A, ECO 10 for detailed descriptions and calculations involved with this ECO.)

ECO #11 - Guest Occupancy Controls

When leaving their rooms, hotel guests are typically not very good at remembering to shut lights
off.  If the guests do turn off lights, they may have difficulties figuring out how to get comfortable
again when they return to their rooms.  To accommodate this, many hotels install systems which
use the guest’s key chain to control lighting.  This ECO addresses the installation of occupied/
unoccupied controls based on a guest key system.  This automation adds an additional feature to
ensure guest comfort and convenience without leaving lighting run unnecessarily.

Annual Energy Cost Savings: Rs.   592,704 (US$ 19,119)
Annual Electricity Savings: 148,176 kWh
Total Cost of Implementation: Rs. 2,678,400 (US$ 86,400)
Simple Payback: 4.5 years

(See Appendix LK-A, ECO 11 for detailed descriptions and calculations involved with this ECO.)

ECO #12 - Solar Preheating for Domestic Hot Water

Hotels require a large amount of domestic hot water.  This water enters the facility at 20EC
(68EF) and is heated to 55EC (130EF).  This opportunity is to install solar panels to preheat the
domestic water from 20EC to 32EC.  The remaining heat will be added in the calorifier.  This
allows one-third of the energy to be provided for by the sun.  Regardless of the amount of
preheating which is done, the water will be heated to the final temperature in the calorifier. 

Annual Energy Cost Savings: Rs. 1,030,750 (US$ 33,250)
Annual Light Diesel Oil Saved: 172,784 
Total Cost of Implementation: Rs.    571,795 (US$ 18,445) liters
Simple Payback: 6.4 years

(See Appendix LK-A, ECO 12 for detailed descriptions and calculations involved with this ECO.)

ECO #13 - High-Efficiency Motors for Air-Handling Units

The air handling units for public spaces are operated by small motors, typically 10 horsepower in
size.  (See Appendix LK-B, photo 2.)  Although small, they have a large amount of run hours. 
This is especially true in areas like lobbies and in 24 hour-per-day restaurants.  It is recommended
to retrofit each of the existing motors with a high-efficiency motor.  The difference in efficiency
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will be approximately 6%.  High-efficiency motors run cooler and last longer than standard-
efficiency motors.  This will reduce air conditioning and maintenance costs.

Annual Energy Cost Savings: Rs. 413,000 (US$ 13,335)
Annual Electricity Saved: 103,250 kWh
Total Cost of Implementation: Rs. 571,795 (US$ 18,445)
Simple Payback: 1.38 years

(See Appendix LK-A, ECO 13 for detailed description and calculations involved with this ECO.)

ECO #14 - Water Consumption Reduction

Water consumption relates to energy conservation in two ways:  First, it requires electrical pumps
to pressurize the water and to move the water around the building.  Second, hot water is
generated by heating it with steam.  Any instance where water is used in excess, or is leaked, is an
opportunity for energy conservation.

This ECO identifies two measures which will reduce water usage.  The first is to install flow
controlling shower heads.  Typically, the flow of water for shower use is in excess of what is
necessary to have a comfortable shower.  Shower heads have been developed which control the
pattern and flow of water so that the user is satisfied and the consumption is reduced by 50%. 
The second measure is to conduct a routine review of plumbing fixtures such as sink faucets,
toilets, and water valves to locate leakage.  The repair is typically inexpensive and simple.

Annual Energy Cost Savings: Rs. 124,704 (US$ 4,022)
Annual Water Cost Savings: Rs.   80,575 (US$ 2,599)
Annual Electricity Savings: 2,207 kWh
Annual Light Diesel Oil Savings: 19,432 liters
Total Cost of Implementation: Rs. 200,880 (US$ 6,480)
Simple Payback: 1.0 years

(See Appendix LK-A, ECO 14 for detailed description and calculations involved with this ECO.)  
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LK-7LK-7 RecommendationsRecommendations

Of the ECOs summarized in the previous section, the following are recommended for
implementation.  Payback was used as the main selection criterium.  In some cases, the ECOs
were alternatives for the same opportunity, and so the one with the lower payback was selected. 
The ECO involving solar water heaters was recommended, even though it has a slightly higher
payback, because there are tax incentives available that would make the payback period shorter
than was calculated here.

ECO #1 Variable Speed Chilled Water (CW) Distribution
ECO #3 High-Efficiency Centrifugal Chillers
ECO #4 Cooling Tower Plant Controller
ECO #5 Provide a Dedicated Facility Energy Conservation Staff
ECO #6 Lighting Efficiency Upgrades
ECO #7 Boiler Exhaust Stack Heat Recovery
ECO #9 Boiler Insulation Upgrade
ECO #11 Guest Room Lighting Control
ECO #12 Solar Preheating for Domestic Hot Water
ECO #13 High-Efficiency Motors for Air-Handling Units
ECO #14 Water Consumption Reduction

ECOs #2, #8, are not being recommended for implementation.  ECO # 10 is provided for future
reference.
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ECO CalculationsECO Calculations
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ECO # 1

VARIABLE SPEED CHILLED WATER (CW) DISTRIBUTION

Description of ECO
Under this ECO, the existing CW system would be modified into a primary/secondary
configuration.  This will separate the CW generation from the distribution.  The primary
loop will consist of the chillers where the CW will be generated, and the secondary loop
will be the distribution circuit consisting of CW coils in air-handling units and fan coil
units, through which CW will be conveyed to the load. [ A typical primary/secondary
arrangement is shown in Fig. LK-1.1] The bypass piping between the primary and
secondary allows the pumping systems in these  loops is to be decoupled and the speed of
the secondary distribution pump is to be varied to match the cooling load.  A transducer
located downstream at the furthest loop is set to maintain minimum pressure head
differential required to meet the peak load requirements at that point.  This provides a
signal to the variable speed drive control to vary the speed of the secondary pump to
maintain the pressure head differential.  This results in a reduction in the brake horsepower
requirements of the secondary pump at part load conditions.

In order to be able to vary the speed, the CW coils must be controlled using two-way
valves.  The existing system consists of three-way, two-position control valves at the fan
coil units, which would be converted to two-way valves by shutting off the bypass.  New
two-way valves will be installed at some of the air-handling unit CW coils that at present
do not have any automatic control valves.  As the load in the system drops, these two-way
valves will close causing the secondary pump to “ride the curve”, which will tend to
increase the pressure in the system.  A differential pressure sensor, located at the furthest
point in the circuit from the pump, will sense this rising pressure and send a signal to the
Variable Speed Drive (VSD) to slow the pump and eliminate generation of any excessive
pump head.  This reduction in speed will cause the secondary CW flow rate to go down in
proportion to the speed.  As this occurs the primary loop flow rate will be greater than in
the secondary, and the difference will bypass to the chiller return water where it will mix
with the CW return from the system.  The result is a reduction in the overall chiller return
water temperature.  

A temperature sensor located in the chiller supply main header piping will unload the
chillers to maintain the CW supply temperature set point.  Chiller sequencing will be
accomplished via a flow sensor located in the secondary loop and a chiller plant controller. 
As the load decreases, the secondary pump will be slowed to decrease the flow.  The flow
sensor will provide an input signal to the chiller plant controller.  When this signal
indicates flow below a set point, a chiller will be disabled, and similarly, as the load
increases, an additional chiller will be enabled.  Once a chiller is enabled, its owner
controller will load and unload the respective chiller to maintain the set CW supply
temperature.  The primary CW pumps are interlocked with their respective chiller to run
only when that chiller is enabled.
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Energy Savings And Economics of Implementing ECO
The existing CW system is controlled manually.  Chillers and pumps are brought on-line as
needed to maintain a relatively constant CW supply temperature.  The annual energy
consumption of the existing CW system was estimated based on the number of hours a
month the CW pumps ran.  This information, along with the pumps horsepower, utility
electrical rates, and cooling load distribution, were obtained and used to estimate the total
annual electrical energy used for chilled water pumping in the facility.  This data is
presented in Table 1.1.

The energy savings were calculated by subtracting the energy consumption of the new
pumping arrangement from the estimated energy consumption of the existing pumping
system  (see Tables 1.1 and 1.2):

Annual Energy Savings: 259,827 - 151,581 = 108,246 kWh

Annual Cost Savings: Rs. 1,039,308 - Rs. 606,324 = Rs. 432,984 (US$ 13,970)

Estimated Implementation Costs (Table 1.3): Rs. 2,418,093 (US$ 78,000)

Simple Payback: Rs. 2,418,093/Rs. 432,984 = 5.5 years



Figure LK 1.1
A Typical Primary/Secondary Chilled Water Circulation System



     1 The negative sign indicates an increase in energy use due to fuel switching
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ECO #2

DIRECT-FIRED ABSORPTION CHILLER(S)

Description of ECO
The five existing electric chillers would be replaced with one 700-ton Lithium Bromide
absorption chillers that use Light Diesel Oil (LDO) as their fuel.  The unit studied is a two-
stage unit because of its higher Coefficient of Performance (COP).  Higher COP units use
less fuel and so compete better with electric chillers.

An absorption chiller could be installed after removal of the existing electric chillers. 
Absorption chillers would require some modifications to the existing cooling tower and
chilled water piping inside the chiller plant room.  LDO supply piping and combustion air
intakes would also be required.  Also, the products of combustion would need to be
removed via a chimney venting system.

Energy Savings And Economics of Implementing ECO
The economic feasibility of absorption cooling is dependent upon the cost of the
alternative fuel sources.  In this case, the two fuels are LDO and electricity.  The utility
rates for both electricity and LDO and the approximate monthly run time and COP of the
existing chillers were obtained from the hotel’s mechanical staff (see Table 2.1).

The energy-use estimates of the existing system and the direct-fired absorption chillers are
given in Tables 2.1 and 2.2.  The system COP used for the existing electric chillers
includes the energy for the auxiliary equipment such as cooling tower fans and pumps. 
This auxiliary load will also exist for the absorption units and is taken into account in
Table 2.2.

Annual Energy Savings:
Electric 1,915,097 - 130,092 = 1,785,005 kWh
Light Diesel Oil - 28,995 MMBtu1

Annual Cost Savings: Rs. 7,277,371 - Rs. 5,159,564  = Rs. 2,117,807 (US$
68,312)

Estimated Implementation Costs (Table 2.3): Rs. 14,601,000 (US$ 471,000)

Simple Payback : Rs.14,601,000/ Rs.2,117,807 = 6.9 years
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ECO #3

HIGH-EFFICIENCY CENTRIFUGAL CHILLERS

Description of ECO
There are four existing reciprocating 120-ton chillers (approximately twelve years old) and
a 350-ton centrifugal chiller that is about four years old.  The efficiency of these chillers is
lower than that of chillers available today.  Also, the existing  chillers use R-11 which is a
CFC refrigerant and will no longer be produced after 1995.  The replacement costs for
these refrigerants are expected to rise significantly, making the operation of these
machines potentially very expensive if refrigerant were to leak out and need replacement.

This ECO looks at replacing all the existing chillers with two 400-ton, high-efficiency
centrifugal chillers that have a lower kW/Ton rating.  These units can be installed after
removal of the existing electric chillers and with some modifications to the existing cooling
tower and chilled water piping inside the chiller plant room.

Energy Savings And Economics of Implementing ECO
The approximate monthly run time and kW/Ton of the existing chillers, along with the
electric utility rates, were obtained from the operating staff.  

The energy-use estimates of the existing system and the high-efficiency centrifugal chillers
are given in Table 3.1.  The kW/Ton used for the existing electric chillers does not include
the energy for the auxiliary equipment (e.g., cooling tower fans and pumps).  Because the
evaluation is looking at the differences in the two systems, the auxiliary loads cancel each
other out.

Annual Energy Savings: 543,312 kWh

Annual Cost Savings: Rs. 2,173,248 (US$ 70,104)

Estimated Implementation Costs (Table 3.2): Rs. 7,595,000 (US$ 245,000)

Simple Payback: Rs.7,595,00/ Rs. 2,173,248 = 3.5 years
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ECO #4

COOLING TOWER PLANT CONTROLLER

Description of ECO
At the present time, the cooling tower fans and pumps are brought on manually to meet
the system load.  The cooling towers are operated to maintain a condenser supply
temperature of 30EC (86EF).  With a cooling tower plant controller, starting and stopping
of these fans and pumps could be controlled to match the system load more precisely than
is achievable under the current mode of operation.  Also, during milder, cooler weather,
the condenser supply water temperature set point could be reset to a lower value resulting
in more efficient chiller operation.

Energy Savings And Economics of Implementing ECO
It is estimated that for every 1EF the condenser water temperature is lowered, the
efficiency of the chiller increases by one percent.  This information, along with existing
condenser supply temperatures, fan, and pump horsepower, and approximate hours of
operation obtained from the hotel’s mechanical staff, were used to estimate the potential
energy savings.  The savings accrue during the milder temperature months and are
presented in Table 4.1:

Annual Energy Savings:  30,726 kWh

Annual Cost Savings: Rs. 122,902 (US$ 3,966)

Estimated Implementation Costs (Table 4.2): Rs. 465,000 (US$ 15,000)

Simple Payback: Rs. 465,000/ Rs. 122,902 = 3.8 years
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ECO # 5

PROVIDE A DEDICATED FACILITY ENERGY CONSERVATION STAFF

Description of ECO
This ECO is to provide separate staff within the technical department to identify,
implement, and track progress of energy saving measures.  The staff should include one
engineer with a background in energy conservation and facility operations.  In addition,
the staff should include two technicians for implementation and identification of ECOs. 
One of the technicians should be an electrician, and the other should be a mechanical
person familiar with steam, HVAC, and water systems.  Qualifications for these positions
are provided in this section.

This team would identify new energy conservation opportunities by physical inspections of
the hotel as well as receiving input from other hotel staff.  As opportunities are identified,
they would be pursued to determine potential.  A priority list of projects would then be
established, and funding applied for through in-house and outside sources.

To estimate the value of hiring dedicated energy conservation staff, an assumption of 1%
savings will be attributed to the additional awareness and prompt implementation of
energy conservation gained by the presence of this staff.  A 1% maintained savings will
pay the salaries of the additional staff and will provide a profit above the additional payroll
expense.

Energy Savings and Economics of Implementing ECO

Annual Energy Cost Savings: Rs 497,866 (US$ 16,061)

Estimated Implementation Costs: Rs. 360,000 (US$ 11,613)
(annual salaries)

Annual Profit From Hiring Rs. 137,886 (US$  4,448)
Additional Staff:
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Qualifications of Dedicated Energy Conservation Staff
A three-person energy conservation team should consist of one energy engineer and two
technicians.  The following are qualifications suggested for each of these positions.

It is stressed that this staff should be utilized only for energy conservation activities.

Energy Engineer
C 5 to 10 years of experience
C 3 years (minimum) of energy conservation experience
C mechanical or electrical engineering degree
C Knowledge of both mechanical and electrical systems
C Able to interact with all facility staff
C Able to create computer spreadsheets
C Understands financial payback calculations

Electrical Technician
C 5 years of experience
C Understands drawings and schematics
C Able to work with single- and three-phase wiring
C Understands basic control strategies
C Able to master electrical loads
C Interested in energy conservation

Mechanical Technician
C 5 years of experience
C Understands drawings and schematics
C Able to work on steam and water piping
C Understands pump and fan mechanics
C Understands boiler operations
C Interested in energy conservation
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ECO # 6 - LIGHTING EFFICIENCY UPGRADES

Description of ECO
This ECO is to retrofit a portion of the existing facility lighting with lighting sources which
put out more light per watt of electricity.  Over the life of the new lighting sources, they
will save many times more in energy cost than their purchase price.  In addition to the
energy cost savings, the longer life technologies will reduce the time spent by maintenance
staff changing light bulbs and ballasts.

The high-efficiency lighting technologies which will benefit this facility are electronically
ballasted compact fluorescent lights (CFLs), electronic ballasts for four-foot tube lights,
and triphosphor fluorescent tube lamps. 

Compact fluorescent lights
Compact fluorescent lights (CFLs) are designed to replace incandescent light bulbs.  Using
fluorescent lighting technology, CFLs are four to five times more efficient than traditional
incandescent light sources.  In addition, they have a lifetime of 10 to 12 times longer than
an incandescent bulb.  First-generation CFLs had poor light quality which discouraged
interior designers from approving their use.  Presently, CFLs are designed to closely match
the light of frosted incandescent light bulbs.  The CFLs are a well established lighting
source in U.S. commercial buildings.  Quality CFLs are available in India, although the
larger lighting companies must be contacted to find local outlets.  Phillips, General
Electric, and Osram Sylvania all carry high-efficiency lighting sources in India.

Electronic ballasts 
All fluorescent lighting has a ballast or “choke”.  This ballast adds up to 35% to the rated
wattage of the lamp.  Standard ballasts are made from copper or aluminum windings with
an iron core.  High-efficiency electronic ballasts save energy by having a circuit board
instead of windings.  There is less loss in the voltage transformation process.  In addition,
electronic ballasts operate at 20,000 hertz or more.  This is compared to the 50 hertz
which the standard ballasts operate at.  By operating at a higher frequency, the light which
is put out by the tube in increased.  Because lighting efficiency is improved with electronic
ballasts and higher-efficiency lamps, the total wattage consumed by the lamp and ballast is
actually less than the rated wattage of the lamp.  An example of this is the electronic
ballast and T-8 32-watt triphosphor tube.  Although the lamp is 32 watts, the lamp plus
ballast consume 31 watts while putting out the same light as a 40-watt tube/magnetic
ballast combination.  This ECO is to replace all existing four-foot ballasts with electronic
ballasts.  Where possible, it is encouraged to purchase multiple-lamp electronic ballasts. 
Electronic ballasts are produced which can be used with one to four lamps.

Rare-earth triphosphor lamps
Triphosphor fluorescent lamps are coated on the inside with rare-earth phosphors.  These
phosphors “fluoresce” more with a given amount of infrared light as compared to common
phosphors.  This allows the triphosphor tube to put out increased light per watt when
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compared to standard fluorescent lights.  This measure involves the purchase of
triphosphor lamps in conjunction with electronic ballast installation.

The following pages describe the details of the type and quantity of lights included in this
calculation.  The cumulative benefits of this ECO are presented below.

Energy Savings and Economics of Implementing ECO

Annual Energy Saved: 670,033 kWh

Annual Electrical Cost Savings: Rs. 2,873,871 (US$ 92,706)

Estimated Implementation Cost: Rs. 5,905,266 (US$ 190,492)

Simple Payback: 2.1 years

The following pages present the scope of lighting retrofits and calculations to estimate the
potential of each lighting technology included in this ECO.
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ECO #7

BOILER EXHAUST STACK HEAT RECOVERY

Description of ECO
Boiler stack heat recovery takes high-grade heat from the exhaust stack and transfers it to
a lower temperature substance.  This ECO evaluates the use of boiler exhaust gases to
preheat boiler make-up water.  The temperature of the existing flue gases are 220EC
(428E F).  The temperature of the boiler make-up water is 60EC (140EF).  By preheating
the boiler feedwater using stack gases, the heat normally lost is recovered and put back
into the steam generation process.

The following pages analyze the potential savings and describe the heat recovery system
layout and equipment.

Energy Savings and Economics of Implementing ECO

Annual Energy Saved: 34,469 liters per year of furnace oil
1,258 MMBtu per year

Annual Fuel Cost Savings: Rs. 205,437 (US$ 6,627)

Estimated Implementation Costs: Rs. 279,000 (US$ 9,000)

Simple Payback: 1.4 years

The following pages include the savings analysis and equipment selected to quantify this
opportunity.
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ECO # 8

BOILER FUEL ATOMIZATION AND BURNER MODULATION CONTROL

Description of ECO
This opportunity has two components for improving boiler efficiency.  The first is to
retrofit the boiler burner so that it can be made to modulate with the steam demand.  The
second is to atomize the fuel using compressed air rather than just the pressure from a
mechanical fuel pump.

Burner Modulation Control
Instead of regulating the boiler based on an on/off control, the burner modulates to
produce the amount of steam which is demanded at the time.  The control is based on the
steam header pressure so that the pressure of steam in the system will be consistent.  This
opportunity saves energy by elimination of losses which occur when the boiler is cycled on
and off.  In addition, this measure reduces wear on the boiler and support equipment by
reducing cycling and thermal stress.  

Boiler Fuel Atomization with Air
This method of atomization provides an improved flame pattern regardless of the boiler
load or the variance in fuel viscosity.  Although additional energy is expended in
production of compressed air, the gain made by having a consistent flame pattern will
surpass the compressed air energy investment.  This measure optimizes flame pattern with
both varied load as well as varied fuel consistency.

Energy Savings and Economics of Implementing ECO

Annual Energy Saved: 15,000  liters per year of light diesel oil
548 MMBtu per year of light diesel oil

Annual Fuel Cost Savings: Rs. 89,373 (US$ 2,883)

Estimated Implementation Costs: Rs. 682,200 (US$ 22,000)

Simple Payback: 7.6 years
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Two steam boilers are installed at the boiler house of the Leela Kempinski Hotel. The
main parameters of these boilers are the following:

Capacity -- 2,000 kg/hr (4.400 lb./hr), each
Maximum pressure of steam (saturated) -- 10.54 kg/cm2 (150 psig)
Fuel consumption -- 91 liters/hr (24 gal/hr)
Manufacturer -- Kesselpack
 
One boiler normally is kept in operation, and the second one in stand-by mode.  During
late night hours (11 p.m. to 6 a.m.) Both boilers are shut down.  The boiler was observed
to operate under the following pattern:

First cycle observed
Six minutes -- operation time
Two minutes -- boiler shut-down
Fifteen seconds -- “purging”

Second cycle observed
Seven minutes -- operation time
Two minutes -- boiler shut-down
Fifteen seconds -- “purging”

Third cycle observed
Nine and one-half minutes -- operation time
Two minutes -- boiler shut-down
Fifteen seconds -- “purging”

The term “purging” means that during that time, the boiler is blown by the fan with air to
expel flue gas from the vessel.

It is relatively simple to generate the required steam amount using an on/off boiler control
strategy.  The drawback of this control method is that extra fuel losses are associated with
the process of purging.  In addition, the lifetime of the equipment, the control system, and
the piping will be reduced by on/off cycling of the boiler. 

This ECO is a control option which allow continuous operation of the boiler. It requires
the installation of a new burner and control system.   Significant additional fuel savings
will occur if the existing mechanical atomization is replaced with compressed air
atomization.

To quantify potential savings, the chart below uses empirical data to estimate energy
savings with various control schemes.  The following chart is from the Boiler Plant and
Distribution System Optimization Manual written by Harry R. Taplin, Jr., P.E., C.E.M. 
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Efficiency at % Load

Control Type 25% 50% 75% 100%

On/Off 70.3% 74.4% 75.6% 76.3%

On/Off with Flue Damper 73.3% 75.3 % 76% 76.3%

High/Low/Off 76.9% 76.5% 76.4% 76.3%

Modulating 76.9% 77.7% 77.2% 76.3%

According to the same reference, the substitution of burners which atomize oil by using air
as opposed to burners which inject oil with mechanical pressure provides an energy
savings of 2% to 8%.

Analysis

A conservative energy savings estimate of 3% was used to calculate the accumulated
effects of implementing both continuous boiler operation and air atomization of fuel.

It is assumed that the active boiler is operating at an annual average of a 75% of load and
that one of the two boilers is always on stand-by.

Annual hours of operation
365 days ( 15 hrs/day ' 5,475 hrs

Annual fuel consumption (A)
 91 liters/hr ( 5,475 hrs/yr = 500,000 liters  (18,257 MMBtu)

Annual expenses on fuel (C)
 500,000 liters ( 5.96 Rs = Rs. 2,980,000 (US$ 96,129)

Where:
5.96 Rs = cost of 1 liter of LDO in local currency
31 Rs/US$ = rate of currency exchange

Annual fuel savings (FS)   
500,000 liters ( 3% = 15,000 liters

Annual fuel cost savings (CS)
Rs. 2,980,000 0 ( 3% = Rs. 89,400  (US$ 2,833)



     2Industrial Combustion. Division of Aqua - Chem Inc. Address: 351 - 21st Street, Monroe WI 53566
Phone 608 325-3141 Hev-E-Duty Forced Draft Burners, Model D-63
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Estimated Implementation Cost  
Two packaged units of burners (one unit for each boiler) should be installed, together with
the control system (steam pressure -- fuel supply -- air supply).  The cost of the units,
according to the manufacturer information2 is US$ 11, 000 per each unit, or US$ 22,000
for the entire installation.

Simple Payback (PB)
Rs. 682,000 (US$ 22,000) / Rs. 89,400 ($US 2,883) = 7.61 years

The following pages describe and show pictures of the burner selected for this analysis.
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ECO # 9

BOILER INSULATION UPGRADE

Description of ECO

This opportunity involves application of insulation to the front and back ends of the
existing boilers.  Boilers lose heat out of their shells.  The sides of boilers are typically well
insulated because they are not a point of access.  The ends of the boiler however are
accessed on an annual basis for maintenance.  For this reason, insulation is typically not
present.  Average temperatures of 150EC (300EF)were observed on the front of the boiler,
and 130EC (265EF) were observed on the rear of the boiler.

This ECO assumes insulation of the front and rear of the boilers with two inches of
fiberglass board or blanket insulation.  The installation is to be such that it is either
removable or does not inhibit routine maintenance or annual overhauls.  This insulation
will save fuel costs as well as reduce boiler room temperature.

Energy Savings and Economics of Implementing ECO

Annual Energy Saved: 79 MMBtu per year of furnace oil
2,165 liters of furnace oil

Annual Fuel Cost Savings: Rs. 12,896 (US$ 416)

Estimated Implementation Costs: Rs. 13,702 (US$ 442)

Simple Payback 1.06 years

The following pages display the analysis which was done to quantify this opportunity.
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ECO # 10

STEAM DISTRIBUTION / CONDENSATE RETURN EFFICIENCY

Description of ECO

The distribution of steam and the return of its condensate present opportunities for energy
conservation.  This involves the implementation of an annual steam distribution and
condensate return survey to identify and eliminate heat loss sources.  Common areas to
increase efficiency include the following:

- Find and repair leaks in steam piping and valves
- Find and repair leaks in condensate piping and valves
- Find and repair leaking steam traps
- Return all steam condensate possible to the boiler
- Monitor amount of condensate returned to the boiler and its temperature
- Find and repair damaged or missing steam piping insulation
- Find and repair damaged or missing condensate piping insulation
- Eliminate unused steam lines which contribute to loss but no longer distribute steam
- Reduce pressure in steam lines where possible

Energy Savings and Economics of Implementing ECO

A specific estimate of savings is not being quantified for this measure.  Instead, the
following pages contain charts which quantify the value of locating and repairing steam
and condensate losses. 

An example of savings is to repair a valve steam leak with 1/16 of an inch equivalent hole. 
Assuming the system is at 100 psi, the annual loss in energy cost is US$ 871.  Because of
steam’s high energy content, it is important to identify and repair steam leaks immediately.

A second example of savings is to repair a condensate loss with the equivalent area of 25
square millimeters.  This may be a valve which requires repacking.  In a year’s time, the
loss would be Rs.1,817 (US$ 58.61).  One leak in itself does not create a significant
energy loss, although most facilities have numerous leaks of this type.  When the value of
each leak is added together, the total loss becomes significant.  Metering boiler feed water,
make-up water, and blow-down is a good way to identify condensate losses.
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ECO # 11

GUEST ROOM LIGHTING CONTROL

Description of ECO
This opportunity involves installation of a guest room control which eliminates lighting
energy waste while the room is unoccupied.  When the lighting in a vacant guest room is
left on, it may be on because the guest left it on, or because the housekeeping staff
switched it on to greet the guest with a well-lit room.  The purpose of installing this
control is to shut off lights when the room is unoccupied and quickly turn the lights on
when the guest returns.  Controls of this type are typically activated by placement of the
guest’s key in a storage slot located in the entry way.  After the key is removed, all room
lights are shut off except for the entry light.  For safety and convenience, lighting in the
entry  is controlled by a motion switch when the key is removed.  When the guest(s) re-
enter the room, the motion of the door turns on the lighting in the doorway.  This allows
the guests to store their keys in a well-lit area.  When they set their key in the storage slot,
all lighting returns to the way it was when the guest left.  

Energy Savings and Economics of Implementing ECO

Implementation for 1 room:
Annual Energy Saved: 343 kWh of electricity

Annual Energy Cost Savings: Rs. 1,364 (US$ 44)

Estimated Implementation Costs: Rs. 6,200 (US$ 200)

Simple Payback 4.5 years

Implementation for 432 rooms:

Annual Energy Saved: 148,176 kWh

Annual Energy Cost Savings: Rs. 592,704 (US$ 19,119)

Estimated Implementation Costs: Rs. 2,678,400 (US$ 86,400)
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ECO # 12

SOLAR PREHEATING FOR DOMESTIC HOT WATER

Description of ECO
This recommendation is to preheat domestic hot water with solar panels.  Presently, the
water which is heated for domestic hot water begins at 20EC (68EF).  Using steam, it is
then heated to approximately 55EC (131EF).  This measure saves energy by preheating the
20EC water to approximately 32EC (90EF) using solar panels mounted on the roof of the
building.  By doing this, one-third of the energy used to heat hot water is provided by the
sun.

The fresh water supply will first circulate through the solar panels, and then it will enter
the calorifier.  If the weather is not favorable for solar heating on a given day, the water
will still be heated to desired final temperature in the calorifier.  For nighttime hot water
usage beyond the stored amount, the calorifier would make up the shortfall.

Energy Savings and Economics of Implementing ECO

Annual Energy Saved: 6,309 MMBtu of LDO
172,784 liters of LDO

Annual Fuel Cost Savings: Rs. 1,030,750 (US$ 33,250)

Estimated Implementation Costs: Rs. 6,564,250 (US$ 211,750)

Simple Payback 6.46 years

The following page presents the analysis which was done to quantify this opportunity.
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ECO # 13

HIGH-EFFICIENCY MOTORS FOR AIR-HANDLING UNITS

Description of ECO

This ECO would replace 35 existing, air-handling unit motors with high-efficiency motors. 
The savings from improved energy efficiency will pay to abandon the remaining motor life.

Motors lose energy in several ways.  The largest areas include the following items:

- Copper losses that result naturally from current passing through the copper-wire
windings

Premium efficiency motors use larger diameter copper wire to decrease these losses. 
This adds 35% to 40% more copper in a high-efficiency motor.

- Magnetic core loss
To accommodate the larger wire, the steel lamination that support the windings need
larger wire slots.  This requires more laminations to be put in each motor.  Most
standard-efficiency motors use low-carbon steel laminations.  Premium-efficiency
motors have high-grade silicon steel laminations which cut core losses in half.  Special
annealing and plating of rotor and stator components, plus use of high-purity aluminum
rotor bars also reduce core losses.

- Friction loss
Higher-grade bearings reduce friction loss. 

- Other
In addition, windage loss in fan-cooled motors is reduced by smaller, more efficient fan
design.

Overall, generally tighter tolerances and more stringent manufacturing process control
are applied to minimize losses from unplanned conducting paths and stray load
phenomena.

Because of the reduced operating temperature of high-efficiency motors, their
insulation and bearings last longer than standard-efficiency motors.
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Energy Savings and Economics of Implementing ECO

Annual Energy Saved: 103,250 kWh

Annual Fuel Cost Savings: Rs. 413,000 (US$ 13,335)

Estimated Implementation Costs: Rs. 571,795 (US$ 18,445)

Simple Payback 1.38 years

The following pages present the energy savings analysis along with vendor information
used to support the analysis.  
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ECO # 14

WATER CONSUMPTION REDUCTION

Description of ECO

This opportunity implements measures which reduce water consumption in the facility. 
This saves energy in two ways.  The first savings is that of heated water, and the second is
a savings of pump energy required to pressurize and move the water to the end use. 
Additional financial benefits are seen by reduction of water costs.

Reduction can come from two opportunities.  The first is to install water aerators in guest
room faucets and shower heads.  This will make the water flow “feel” the same to the end
user, but will reduce the actual consumption by about 50%.  This is accomplished by
mixing air in with the water stream.  This is not the same as just inserting a flow restrictor
in the faucet or shower.  Flow restrictors save water, but reduce occupant comfort.  The
second conservation opportunity  is to routinely inspect water piping and water using
devices for unwanted leakage.  Leakage is common in toilets, faucets, and shut-off valves. 
Although these leaks may be relatively small, they add up to large water and energy loss.

SHOWER AND FAUCET AERATORS

Shower and faucet aerators will cut guest room consumption of both hot and cold water. 
They reduce the water used in the shower and in the sink by about 50% while leaving the
user with the same comfort as before.  This also provides the benefit of reducing the
demand on the water supply system during peak usage periods.  

WATER LEAKS

Water leaks in toilets, faucets, showers, and other valves add up to a large loss because
they are continuous.  Housekeeping staff is an excellent resource to identify many of these
leaks.  With prompt repair, significant water consumption can be saved.  Although the
energy savings from fixing leaks is modest, the repair costs are typically minimal.
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Energy Savings and Economics of Implementing ECO

This savings from this ECO are based on 432 rooms retrofitted with aerated faucets and
shower heads, and an annual average occupancy of 324 guests per day.  Using the shower
and the sink, each guest is assumed to use sixteen gallons (60 liters) of hot water, and 20
gallons (76 liters) of cold water per day.

Annual Energy Saved: 
Electricity 2,207 kWh
FO 19,432 liters

Annual Fuel Cost Savings: Rs. 124,704 (US$ 4,022)

Annual Water Cost Savings: Rs. 80,575 (US$ 2,599)

Estimated Implementation Costs: Rs. 200,880 (US$6,480)

Simple Payback 1.0 years

The following pages present the analysis done to estimate the energy-savings potential of
this measure.
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Appendix LK-B    PhotographsAppendix LK-B    Photographs

Photo 1 - Leela Kempinski Hotel: Chief Engineer Mr. S.P.S. Dhall Demonstrating Electrical Demand
Tracking System 
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Photo 2 - Leela Kempinski Hotel:  Electrical Engineer Mr. Champaklala and a Hotel Electrician Measuring
Actual   Consumption of CFL Globed Lights

Photo 3 - Leela Kempinski Hotel: Motor Used on an Air-Handling Unit 



Leela Kempinski Hotel Survey    Appendix A

Photo 4 - Leela Kempinski Hotel:  Assistant Chief Engineer Mr. M.C. Dilip Displaying a Solar Water
Heating System Used for  Heating Pool Water

AAPPENDIX PPENDIX LK-CLK-C
ContactsContacts
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Appendix LK-C  Contact InformationAppendix LK-C  Contact Information

Leela Kempinski Hotel - Bombay
Sahar, Bombay  400 059

Telephone:  91-22-836-3636
Fax: 91-22-837-5996

Mr. S.P.S. Dhall, Chief Engineer

Contacts made during energy conservation survey:

Mr. Champaklal - Electrical
Mr. Utpal Gangopathy - AC & Refrigeration
Mr. Yogish - AC & Refrigeration Maintenance
Mr. Michael - Utilities Training
Mr. F.P. Funtado - Corporate Manager (Laundry)
Mr. C.S. Ghanaker - Boiler-in-Charge
Mr. Kenneth Lobo - Chilled Water System Engineer
Mr. M.C. Dilip - Assistant Chief Engineer
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AAPPENDIX PPENDIX LK-DLK-D
Existing Facility Equipment InformationExisting Facility Equipment Information


