
2nd NATIONAL CERTIFICATION EXAMINATION 2005

FOR

ENERGY AUDITORS

MODEL TEST SERIES - B
Paper – 4: Energy Performance Assessment for Equipment and Utility Systems

Duration: 2 HRS                                                                                      Max. Marks: 100

General instructions:

o Please check that this question paper contains 16 questions

o The question paper is divided into three sections

o All questions in all three sections are compulsory

o All parts of a question should be answered at one place

o Open Book Examination
Section – I: Short Questions                                                     Marks: 10 x 1 = 10

(i) Answer all Ten questions

(ii) Each question carries One mark
	1
	Whether blow down is considered for calculation of efficiency during boiler test? Give reason for the same.

No blow down is given during test period.  Heat is transferred to blow down water also successfully in the boiler. Boiler with intermittent blow down can be stopped blow down during test. In case of continuous blow down, the heat content in the blow down should be considered for calculating efficiency.

Invariably, all standards such as IS 8753 and BS845 are not includes blow down as a loss in the efficiency determination process.



	2
	What are the components of fixed losses in the motor and its depended factor?

1. Core losses        : It is due to hysterises and eddy current effect during 

                                magnetization on core material.

2. Friction and Windage : Friction loss in motor bearings and cooling loss by 

                                          fan.



	3
	What is meant by isothermal power ?

It is the least power required to compress the air assuming isothermal conditions. It is the ideal power required when compression takes place without change in temperature.



	4
	Explain the term Energy efficiency ratio 

Performance of smaller chillers and rooftop units is frequently measured in EER rather than kW/ton. EER is calculated by dividing a chiller's cooling capacity (in Btu/h) by its power input (in watts) at full-load conditions. The higher the EER, the more efficient the unit.



	5
	What is the annual power produced if a 500 kW turbine producing 200 kW at an average wind speed of 25 km/h?

500 kW x 0.20 (CF) = 200 kW x 8760 hours = 876000 kWh/year



	6
	What are the precautions to be taken to ensure reliable flow measurement point at site?

Flow measurement shall be located in suitable straight length preferably on the inlet side of the fan where the airflow conditions are substantially axial, symmetrical and free from turbulence.

Leakage of airflow from and to the fan shall be negligible between flow measuring plane and the fan

Bends and obstructions in the air duct shall be avoided as they disturb the air flow for a considerable distance downstream



	7
	A pump motor draws 55 A current at 0.415 KV. Power factor is measured to be 0.88. If motor efficiency is 85%, calculate the pump input power?

Pump input power = 1.732 x 0.415 x 55 x 0.88 x 0.85

                               = 30.8 kW



	8
	Define Installed Load Efficacy  

Installed Load Efficacy is the average maintained illuminance provided on a horizontal working plane per circuit watt with general lighting of an interior. Unit: lux per watt per square metre (lux/W/m²)


	9
	Name two wind turbines types?

Vertical-axis wind turbines, in which the axis of rotation is vertical with respect to the ground (and roughly perpendicular to the wind stream), 

Horizontal-axis turbines, in which the axis of rotation is horizontal with respect to the ground (and roughly parallel to the wind stream.



	10
	Define waste minimisation?

Waste minimisation can be defined as "systematically reducing waste at source". It means:

· Prevention and/or reduction of waste generated

· Efficient use of raw materials and packaging 

· Efficient use of fuel, electricity and water

· Improving the quality of waste generated to facilitate recycling and/or reduce hazard

· Encouraging re-use, recycling and recovery.



Section - II: Long Questions                                                       Marks: 2 x 5 = 10

(i) Answer all Two questions

(ii) Each question carries Five marks
	1
	What are the different lighting control options available for energy conservation in lighting system?

Providing individual / group controls for lighting for energy efficiency such as:

· On / off type voltage regulation type (for illuminance control)

· Group control switches / units

· Occupancy sensors

· Photocell controls  

· Timer operated controls

· Pager operated controls

· Computerized lighting control programs



	2
	What are the four types of Process Change under cleaner production techniques?

1. Input Material Change - Substitution of input materials by eco-friendly (non-toxic or less toxic than existing and renewable) material preferably having longer service time.

2. Better Process Control - Modifications of the working procedures, machine-operating instructions and process record keeping in order to run the processes at higher efficiency and with lower waste generation and emissions.

3. Equipment Modification - Modification of existing production equipment and utilities, for instance, by the addition of measuring and controlling devices, in order to run the processes at higher efficiency and lower waste and emission generation rates.

4. Technology Change - Replacement of the technology, processing sequence and/or synthesis route, in order to minimise waste and emission generation during production.


Section - III: Numerical Questions                                            Marks: 4 x 20 = 80

(i) Answer all Four questions

(ii) Each question carries Twenty marks
	1
	An Air preheater was installed to preheat the combustion air temperature in a steel reheating furnace. The measurements  were taken before and after WHR Installations.  Find out pay back period.  What is the annual fuel oil bill after WHR.

         Fuel oil Consumption                     = 600 litre/hr

         Specific Gravity                              = 0.90

         Production Rate                              = 9 Ton/hr

         Furnace Operating Temperature     = 1250oC    

         %O2 before Waste Heat Recovery  = 7.5% 

         %O2after Waste Heat Recovery      = 5.5%

         Investment for WHR                       = Rs. 20.00 lakhs 

         Flue gas temperature before WHR  = 950oC

         Flue gas temperature after WHR     = 750oC

         Ambient temperature                       =  30oC

         Fuel oil cost                                      = Rs.15/litre

         Ambient temperature                       =  30oC     

         Operating hours                               =  4000 hrs/year

          GCV of fuel oil                               =  10200 kCal/kg

Solution :

Existing loss in flue gas :

%02 in Flue Gas before WHR                   = 7.5%

% Excess Air                                        =  7.5 x 100     = 55%

                                                                       21-7.5

Fuel Consumption                                  = 600 lit. x 0.9 = 540kg/hr

Dry flue gas loss %                                = ((14x1.55)+1) x .24(950-30) 

                                                                                 10200

                                                               = 49.14%

After WHR :

After WHR Installation % O2 in flue gas = 5.5%

                                                                  = 5.5    x 100   = 35.48%

                                                                        21-5.5


Dry flue gas loss                                       =     (14x1.355) +1   x0.24 (750-30)

                                                                                        10200

                                                                 =  33.83%

     % Reduction in the flue gas loss         = 49.14-33.83    = 15.31%

     Fuel oil saving/hr                                = 540 x 15.31    =  82.67 kg/hr
                                                                                100

     Annual fuel oil saving          = 82.67 x 4000 hr. = 330680 kg/hr

     Annual cost saving               = 330680x (15 / 0.9)  = Rs. 55.12 lakhs

     Annual Fuel Bill before WHR installation         = Rs. 324 lakhs

     Annual fuel Bill after WHR installation        =  (324 - 55.12)  = Rs.268.88 lakhs

     Pay back period    =  20 / 55.12  = 0.36 years  = 4.3 months



	2
	An industrial fan with measured flow rate of 90 m3/s has 80 mm WC static pressure developed across it. The motor power drawn is 120 kW and motor efficiency of 86%. Find out the fan static efficiency?

For the above fan, the bagfilter in the system was replaced with ESP. The pressure drop across the bagfilter was 65 mm WC. With ESP, pressure drop was 20 mmWC. Flow rate increased by 20%. The original flow can be obtained by two options:

a) Impeller trimming

b) Reduced RPM with pulley diameter change

For option (a), if original impeller size were 70 mm in diameter, what would be the new impeller diameter if efficiency drops by 5%?

For option (b), what would be the required reduction in RPM if fan was originally running at 850 RPM and efficiency at reduced RPM is expected to be 66%.

Find out the differential energy savings between the two options at 8760 hours/annum and at Rs.4 / unit. 

Motor power drawn                               = 120 kW 

Power input at fan shaft (BHP)             = 120 x 0.86

                                                               = 103.2 kW

Flow, Q1                                                =  90 m3/s

Pressure developed across fan, H1         = 80 m  

Original impeller diameter (D1)            = 70 mm

Original RPM                                        = 850 RPM

Fan static efficiency                               = Flow x Pressure developed across fan

                                                                  102 x Power developed at fan shaft 

                                                               =  90 x 80      x 100 

                                                                   102 x 103.2

                                                               =  68 %     

Option (a)

New Flow rate, Q2                                = 90 x 1.2

                                                               = 108 m3/hr

Pressure developed across fan, H2        = 35 x (1.2)2

                                                               = 50.4 mm WC

New fan static efficiency                       = 68 –5

                                                               = 63%

The required head with flow rate of 90 m3/hr after impeller trimming = 35 mmWC

Power Consumption                              =        90 x 35

                                                                    102 x 0.63 * 0.86

                                                               =  56.9  kW

New impeller diameter (D2)                         

Considering the fan law   

                                            (D1 / D2)    =  (Q1/Q2)   = (N1/N2)

D1 = 70 mm, Q1=108, Q2 = 90, D2 = 58 mm

New impeller diameter, D2                   =  58 mm

New RPM                                            = 90/108 x 850

                                                              = 708 RPM

Option (b)

Efficiency at reduced RPM                  =  66%

Power Consumption                               =       90 x 35

                                                                  102 x 0.66 x 0.86

                                                              = 54.4 kW

Differential power savings                   =  (56.9 – 54.4) x 8760 hours/annum x

                                                                  Rs.4 / kWh  

                                                             =   Rs. 87,600/-



	3
	The following are the results of a flow test using nozzle method carried out on a1000 cfm compressor

            Flow coefficient : 0.95

            Receiver Pressure  - 4.2 kg / cm2 (a)

            Inlet Pressure  - 1.03 kg / cm2(a)
            Inlet air temperature   35oC  

            Pressure before nozzle – 1.06 kg / cm2 

            Temperature before the nozzle  48oC   

            Pressure drop across the nozzle     = 0.052 kg / cm2

            Gas constant       :  287 Joules / kg K

            Nozzle Diameter :  0.08 m.

After the test the compressor is taken for maintenance and overhaul. The isothermal efficiency increased thereafter by 5 percent and the shaft power of compressor was measured to be 115 kW. The expenditure was Rs. 3 lacs. What is the payback period for the investment if the operating hours are 8000/annum and the energy cost is Rs.4/kWh

Compressor capacity ,1000 cfm

1700 m3/hr

Nozzle size

0.080 m
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                  =  0.44 m3/s

                  = 1614 m3/hr
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Isothermal power      

1.03 x 1614 x ln (4.2/1.03)
                   36.7

63.7 kW

New power drawn    

115 kW

New isothermal efficiency                         =

63.7 / 115  =  55.4 %

Old isothermal efficiency

= 55.4 / 1.05  = 52.76

Shaft power drawn earlier

63.7 / 0.5276

120.7 kW

Annual savings

=  (120.7 – 115) x 8000 x 4

Rs. 1,82,400

Payback period 

19 months



	4
	A layout dimension of an office building was  9 M length by 6 M width.  The height of the lamp fixed above the desk plan area is 3 M.  The total circuit watt for the entire lighting is 1200 watts.  The measured lux level at the existing condition was 600 lux using lux meter.  The lux level was improved to 800 lux by modification of  layout fittings.  The target lux of this office is 40 lux/watt/m2.

Find out energy saving potential if office is working 10 hrs a day for 300 working days using ILER method.

Solution :

Room Index                              =    6mx9m               =  1.2
                                                     3m(6m+9m)

Minimum number of points to be measured               = 16

The number of rows for measurement                         = 3

The number of column for measurement                     = 6

The number of points measured using 3x6 rows        = 18 

The distance between two points along the length       = 9/6    = 1.5 M

The distance between two points along the width        = 6/3   = 2 M

Target lux level for the office                                      = 40 lux/watt/m2      

Area of the office interior                                            = 9x6    = 54 m2  

Calculated  Room Index                                              = 1.2     

Actual Circuit watt  measured                                     = 1200 W

Watt per m2                                                                   = 1200/54  = 22.22

Average lux measured from 18 points                          = 600 lux

 Actual lux level, lux/watt/m2                                        = 600/(22.2) = 27

Target lux   level, lux/watt/m2                                       = 40

ILER Ratio                                                                    = 27/40   =0.675 

Annual Energy wastages at existing 0.675ILER  

                                                           = (1-0.675) x 1200 W x 10Hr x 300Day / 1000

                                                                   =1170  kwh/year

The lux level was  improved to 800 lux by modification of fittings . The new ILER Ratio has also improved to 0.9

Watt per m2  with modification                                     = 800/22.22   = 36

ILER  with modification                                               = 36/40         =  0.9

Annual Energy wastages at 0.9 ILER = (1-0.9) x 1200 W  x  10hrs  x 300days / 1000

                                                            =  360 kwh/year

Annual Energy Saving Potential        = 360  kWh/year
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