Paper 3 


Model Question Paper-2006
NATIONAL CERTIFICATION EXAMINATION 

FOR

ENERGY MANAGERS & ENERGY AUDITORS
	PAPER – 2:  Energy Efficiency in Electrical Utilities

                                   Duration: 3 HRS      Max. Marks: 150


Section – I:
 OBJECTIVE TYPE 



Marks: 50 x 1 = 50

(i)
Answer all 50 questions


(ii)
Each question carries one mark


(iii)
Put a (() tick mark in the appropriate box in the answer book

	1.
	The cycle time of monthly maximum demand recording by State Electricity Authority is
a)  15 minutes

b)    30 minutes
c)  a or b  
             d)   60 minutes

	2.
	What is the relation between voltage drop reduction when the  Distribution power  is raised from 11KV to 33KV
a) 1          b) 12             c)  13             d) None of the above
    3              3                   3 

	3.
	Cascade Efficiency includes the losses in

a) Generation, transmission & utilization

b) Transmission and distribution & utilization         
c) Transmission and distribution 
         
d) Distribution and utilization

	4.
	Which of the following is pure resistive load

a) AC Motor
       

b) Induction furnace          

c) Incandescent lighting
d  None of the above

	5.
	At what % of loading no load loss equalizes the full load loss in transformer
a)  25% Loading                       b) 50% Loading
c)  75% Loading                       d) 100% Loading

	6.
	A 50 KVAR capacitor is designed for 440 voltage. If incoming voltage is reduced to 400 Voltage what is the effective  KVAR of capacitor.
a) 35 KVAR
                b) 40 KVAR
c) 41 KVAR  
                d) 51 KVAR

	7.
	The full load copper loss of 1000KVA transformer is 5 KW.  What is the loss at 600 KVA load
a) 1.08                               b) 1.80
c) 2.88                                d) 3.00

	8.
	What is THD Current,  if the current at 50 cycle is 50 amps and harmonic current at 150, 300Hz are 9 and 7 amps respectively
a) 8.8%                        b) 11.8%       
c) 22.8%                      d)  33.8% 


	9.
	What is the slip in 6 pole motor if full load speed is 900 rpm
a)10%                       b) 15%

c) 20%                      d) 30%

	10.
	The resistance of stator is .250 Ohms at 30oC. What is the resistance at 100oC operating temperature
a) 0.158 Ohms 
b) 0.250

c) 0.316        d) 0.375  

	11.
	What is the Rotor Input Power of 34 KW rated motor with 5% slip  
a) 32.30       c) 42.30
b) 36.84
   d) 46.84

	12.
	If 5% frequency of motor  is increased, starting torque will be changed by 
a) 5% increase 
    b) 5% decrease
c) 15% increase    d) 10% decrease

	13
	Which of the following is correct if 10% voltage is decreases in a motor
a) 19% decrease in max. starting  torque and 2% decrease in full load efficiency 
b) 20% increase in slip and 11% increase in full load current
c) 1.5% decrease in full load speed and 1% increase PF at full load
d) All of the above

	14.
	What is the % voltage unbalance  if R, Y and B phase voltage are 445, 425 and 430 
a) 4.7
b) 3.7
      
c) 2.7                               
d) 1.7

	15.
	The optimum size of  capacitor required  for a particular motor is 
a) Full load KVAR drawn by motor


b) No load KVAR drawn by motor           
c) 90% of full load KVAR drawn by Motor

d) 90% of no load KVAR drawn by motor

	16.
	If the motor speed increases for the same rated capacity, the KVAR requirement will
a) Decrease
b) Same irrespective of motor speed


c) Increase
d) None of the above

	17
	Which of the following is constant torque type loads
a)  Pump   
b)  Fan
c)  Conveyors        
d)  Compressors


	18
	The typical Temperature of the compressed air from two stage reciprocating compressors is
 a) 100-140oC            
 b) 140-160 0C
 c) 160-205oC
 d) 205-240oC


	19
	Lubricated Rotary compressor is available with capacity (CFM) range of
a)  10-100 

b)  10-500 

c)  100-500 
d)  100-1000 

	20
	Free air delivery (FAD) means
a) FAD at atmosphere pressure at any location
b) FAD at 15oC temp. 1 atmosphere
c) FAD at 15oc temp. and 1 bar 

d) None of the above


	21.
	For every 4oC rise in air inlet temperature in compressor may result in
a)  1% increase in power consumption 


b)  1.5% increase in power consumption 


c)  2.0% increase in power consumption
d)  2.5% increase in power consumption

	22
	For every 5.5oC in inlet air temperature to the second stage of the air compressor results in a 
a) 1.0% increase in specific energy consumption 


b) 1.5% increase in specific energy consumption


c) 2% increase in specific energy consumption
d) 2.5% increase in specific energy consumption

	23
	A reduction in the discharge pressure by 1 bar in a compressor would reduce the power consumption by
a) by 1- 3%
      
b) 3-5% 
c) 6-10%
d) 10-12% 

	24
	Two stage compressor is selected if working pressure is more than 
a) 2 bar         
b) 3 bar     

c) 4 bar  
             
d) 5 bar     

	25
	What is the % air leak  if loading and unloading time were observed as 15 sec. and 45 sec. respectively in 500 CFM compressors during leak test
a) 5%

b) 15%


c) 25%

d) 35%

	26
	The common type of compressed air drying system adopted in industry is 
a) Adsorption dryer

b) Steam dryer
c) Thermic fluid oil type dryer
d) All of the above

	27
	Which of the following is most suitable for more uniform air distribution of compressed air
a) Open end                
b) Closed loop              
c) Combination of a and b                   
d) All of the above

	28
	After periodical assessment of FAD test, corrective measures to be taken if
a) Deviation is more than 5%  

b) Deviation is more than 10%
c) Deviation is more than 15%

d) Deviation is more than 20% 


	29
	Which of the following statement is common in compressed air system
a) 20-25% compressed air leakages is not uncommon

b) 30-40% compressed air leakages is not uncommon          

c) 40-50% compressed air leakages is not uncommon

d)  50-70% compressed air leakages is not uncommon

	30
	Thermal energy is extracted from the centralized air conditioning space and expelled into out doors through…….loops of heat transfer
a) 3 loops 

b) 4 loops
c) 5 loops  

d) 6 loops

	31
	The refrigeration system is classified into  large capacity units if capacity is
a) More than 500 TR               
b) More than 750 TR                 
c) More than 1000 TR          
d) All of the above       
           

	32
	HCFC have………ozone depleting potential as compared to CFCs
a) 1-10%                
b) 2-10%      
c) 2-20%                  
d) 2-200%   

	33
	A complete chlorine free refrigerant is 
a) CFCs                  
b) HCFCs             
c) HFCs 
             
d) R22

	34
	COP of VAR system with Li-Br absorption refrigeration is
a) 0.45-0.55   
             b)   0.55-0.65
c) 0.65-0.70  
            d)   0.95-1.25

	35
	COP cornot cycle is maximum with……. Refrigerant
a)  R11                   
b)  R22
c)  R502                   
d)  R717

	36
	The cooling water requirement for triple effect VAR system is
a) 120 TR per 100TR 
b) 170 TR per 100 TR
c) 200 TR per 100 TR    d) 370 TR per 100 TR

	37
	If condenser temperature is 30oC and evaporator temperature is 25oC then COP cornot cycle of the refrigeration system is 
a) )  2             b)  3           c) 4      d) 5  

	38
	Radial type fan is used for application of 
a) Clean air application
b) Clean dust laden application
c) Dust laden and moist air application
d) All of the above


	39
	The Efficiency of the propeller fan is
a) Less 50%  
b) 50-60%  
c)Greater than 75%  
d)None of the above

	40
	Choose the correct statement
a) Fan system has high static head
b) Fan system has no static head 
c) Fan system has very little static head
d) None of the above

	41
	The Velocity head in a fan system  may be measured
a) After the Fan                    b) Before the Fan        
c) a and  b                             d) a or b

	42
	Which is not a positive displacement compressors

a) Reciprocating

b) Rotary

c) Roots Blower

d) Axial

	43
	NPSHR is proportional to 
a) Speed      b) Speed2       c) Speed3        d) No relation 

	44
	Cooling water inlet and out temperature are 40oC and 30oC respectively.  If the ambient air dry and wet temperatures are 33oC and 25oC, What is the approach?
a) 5                  b)  10          c) 15          d) 20

	45
	If the speed of pump is doubled.  Then the Head will……………
a) 4 Times decrease     
b) 4 Times increase     
c) 6 Times increase   
d) 6 Times decrease

	46
	The frame of the Cooling Tower  may be constructed with……………
a) Concrete  b) Galvanized Steel     c) Glass fiber
    d) All of the above

	47
	Which of the following has highest burning hours
a) LPSV  lamps   b) Halogen lamps  c) CFL   d) FTL

	48
	Which of the following is used for lighting controls
a) Photocell Controls  


b  Timer operated controls
c) Remote operated controls 

d) All of the above

	49
	Energy consumption of electronic ballast is
a) 2 to 4 watts       b) 2 to 8 watts         c) 6 to 10 watts     d) 10 to 12 watts

	50
	Maximum back pressure allowed in DG set waste heat recovery system installation is 
a) 250-100 mm WC   b) 100-200 mm WC   c) 200-250 mm WC    d) 250-300 mm WC


Section - II: 
  SHORT DESCRIPTIVE QUESTIONS

Marks: 10 x 5 = 50


(i)
Answer all Ten questions


(ii)
Each question carries Five marks

S-1
Energy Manager wanted to improve the existing PF 0.88 to 1 for avoiding 
penalty as well as to get incentives from utility.  The minimum PF 0.9 to be 
maintained to avoid penalty. The penalty rate is 1.25% on energy cost for every 0.01 
PF less than 
minimum. Incentive will be available for every 0.01 improvement 
above .95 is 
1.5% on energy cost .The monthly energy consumption 1.0 lakh  units.  
Find out 
the 
Cost reduction potential If unit charge is Rs 4/units.

	Solution :

	Minimum PF required = 0.9
Present penalty          = 1.25 % energy bill

For 0.02 PF                = 1.25 x 2 = 2.5%

Incentives                   = 1.5 x 5   = 7.5%

Energy saving potential   = 10%

Cost reduction potential = 1 lakh x 10%  = 10000 units = Rs.40000
Annual cost Reduction       = 40000x12 = Rs.480000


S-2
How do you assess the performance of PF Capacitors?
Performance Assessment of Power Factor Capacitors

Voltage effects: Ideally capacitor voltage rating is to match the supply voltage. If the supply voltage is lower, the reactive kVAr produced will be the ratio V12 /V22 where V1 is the actual supply voltage, V2 is the rated voltage.

On the other hand, if the supply voltage exceeds rated voltage, the life of the capacitor isadversely affected.

Operational performance of capacitors: Capacity of fused elements can be replenished as per requirements. Portable analyzers can be used for measuring kVAr delivered as well as charging current. Capacitors consume 0.2 to 6.0 Watt per kVAr, which is negligible in comparison to benefits.

Some checks that need to be adopted in use of capacitors are :

i) Nameplates can be misleading with respect to ratings. It is good to check by charging currents.

ii) Capacitor boxes may contain only insulated compound and insulated terminals with no capacitor elements inside.

iii) Capacitors for single phase motor starting and those used for lighting circuits for voltage boost, are not power factor capacitor units and these cannot withstand power system conditions
S-3
List down any five common system problem and solution in electrical power distribution system of a typical industry. 
	problem 
	 solution

	Voltage imbalances among the three phases.
	Balance loads among phase loads 

	Voltage deviations from rated voltages Improper 

( too low or high)


	Correct transformer settings motor ratings

Motors input voltages 

	Poor connections in distribution or at connected loads.


	Use Infra Red camera to locate hot-spots and correct.

	Undersized conductors 
	Reduce the load by conservation load

scheduling.



	Low Power Factor


	Add capacitors



	Harmonics


	Take care with equipment selection

and isolate sensitive electronics 


S-4
List any five compressed air system components and its purpose.
	Solution:

	Compressed air systems consist of following major components: 

• Intake Air Filters: Prevent dust from entering compressor; Dust causes sticking valves, scoured cylinders, excessive wear etc.

• Inter-stage Coolers: Reduce the temperature of the air before it enters the next stage to reduce the work of compression and increase efficiency. They are normally watercooled.

• After Coolers: The objective is to remove the moisture in the air by reducing the temperature in a water-cooled heat exchanger.

• Air-dryers: The remaining traces of moisture after after-cooler are removed using air dryers, as air for instrument and pneumatic equipment has to be relatively free of any moisture. The moisture is removed by using adsorbents like silica gel /activated carbon, or refrigerant dryers, or heat of compression dryers.

• Moisture Drain Traps: Moisture drain traps are used for removal of moisture in the compressed air. These traps resemble steam traps. Various types of traps used are manual drain cocks, timer based / automatic drain valves etc.

• Receivers: Air receivers are provided as storage and smoothening pulsating air output -reducing pressure variations from the compressor



S-5
Explain energy efficiency by capacity control in chillers.
Capacity Control and Energy Efficiency

The capacity of compressors is controlled in a number of ways. Capacity control of reciprocating compressors through cylinder unloading results in incremental (step-by-step) modulation as against continuous capacity modulation of centrifugal through vane control and screw compressors through sliding valves. Therefore, temperature control requires careful system design. Usually, when using reciprocating compressors in applications with widely varying loads, it is desirable to control the compressor by monitoring the return water (or other secondary coolant) temperature rather than the temperature of the water leaving the chiller. 

Capacity regulation through speed control is the most efficient option. However, when employing speed control for reciprocating compressors, it should be ensured that the lubrication system is not affected. In the case of centrifugal compressors, it is usually desirable to restrict speed control to about 50 % of the capacity to prevent surging. Below 50 %, vane controlor hot gas bypass can be used for capacity modulation.

The efficiency of screw compressors operating at part load is generally higher than eithercentrifugal compressors or reciprocating compressors, which may make them attractive in situations where part-load operation is common. Screw compressor performance can be optimized by changing the volume ratio. 

S-6
i) Briefly explain various types of centrifugal fan and its characteristics and application. ii) Which type of centrifugal fan has highest efficiency?
[image: image1.png]Centrifugal
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Applicats
Radial | High pressure, | Various
medium flow, industrial
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continuously moist
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Backward | High pressure, | HVAC,
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ii) Airfoil, backward curved/inclined  fan has high efficiency of 79–83

S-7
The rated parameters of a cooling water pump are given below


Power           - 10 KW



Head             - 55 M

                                    Flow                - 10 lit/sec.

It has been replaced with new pump for the same capacity with 25 M head.  What is the energy saving per hour? The new motor efficiency is 90% and new Pump efficiency is 70%.

	Solution :

	Power drawn with new pump             =  10 x 25 x 0.98

                                                              ------------------------

                                                              1000 x 0.9 x 0.7

Fans per hour                                    =   ( 3.9 KW    
Savings per hour                              =  10 -3.9    = 6.1 KW


S-8
In a Refrigeration system,  the evaporator and condenser temperature are -10oC and 32oC.  Chilled water is at 5oC produced from 30oC. Ambient water. For a refrigerator load 15 TR, What is the ideal power consumption in compressors?

COP  = T1              (-10+273)

                          -------      =  -----------------------------

                          T2-T1         (32+273) – (-10+273)

263    263

-----------   =     --------     = 6.10

305-263 42

	6.10          =    15 x 3024

                      -------------

                         P input
Power      =  (15 x 3024)Kcal    = 7436.0 Kcal/hr

Ideal Power   Consumption  =  7436

                                                -----------          = 8.65 KW
                                                   860


S-9
The cooling water flow in a cooling tower is 150 m3/hr.  The inlet and outlet temperature of CW 38oC and 33oC.  The ambient air temperature are 35 and 27.   Find out the effectiveness of cooling tower and heat duty .What is the effectiveness if water flow is reduced by 50%
	Solution:

	                  RANGE =  38-33= 5
                  Approach = 33-27= 6
                   Effectiveness = 5/11 = 0.45 

                Heat duty =  150,000x1 x 5 = 750,000 kcal hr

After water flow reduction by valve throttling

Heat duty =  75,000x1 x Delta T = 750,000 kcal hr

                Delta T         = 750,000/75,000=10 oC

                  RANGE =  10

                 Hot water temp= 10+33=43

               Effectiveness = 10/43-27= 0.625


S-10
What are the types of automatic power factor control.  Explain briefly the working 
principle of operation.
Voltage Control

Voltage alone can be used as a source of intelligence when the switched capacitors are

applied at point where the circuit voltage decreases as circuit load increases. Generally, where they are applied the voltage should decrease as circuit load increases and the drop in voltage should be around 4 – 5 % with increasing load.

Voltage is the most common type of intelligence used in substation applications, when

maintaining a particular voltage is of prime importance. This type of control is independent of load cycle. During light load time and low source voltage, this may give leading PF at the substation, which is to be taken note of.
KILOVAR Control

Kilovar sensitive controls are used at locations where the voltage level is closely regulated and not available as a control variable. The capacitors can be switched to respond to a decreasing power factor as a result of change in system loading. This type of control can also be used to avoid penalty on low power factor by adding capacitors in steps as the system power factor begins to lag behind the desired value. Kilovar control requires two inputs - current and voltage from the incoming feeder, which are fed to the PF correction mechanism, either the microprocessor or the relay.

-------- End of Section  - II ---------

Section - III: 
  LONG DESCRIPTIVE QUESTIONS                Marks: 5 x 10 = 50


(i)
Answer all Five questions 
(ii)
Each question carries Ten marks

L-1
What is motor load survey?  Suggest Energy Conservation Measures for the following


<35% motor loading



   35 to 50% Load variation



> 50- 60% Loading



 > 60- 70% Loading
1) Measurements: Studies on selected LT motors involve measurement of electrical load parameters namely volts, amperes, power factor, kW drawn.

Observations on machine side parameters such as speed, load, pressure, temperature, etc.,(as relevant) are also taken. Availability of online instruments for routine measurements, availability of tail-end capacitors for PF correction, energy meters for monitoring is also looked into for each case.

 Analysis

Analysis of observations on representative LT motors and connected drives is carried outtowards following outputs:

– Motor load on kW basis and estimated energy consumption.

– Scope for improving monitoring systems 

– Scope areas for energy conservation with related cost benefits 

ii)

· For motors, <35% motor loading which consistently operate at low loads , an inexpensive and effective measure might be to operate in star mode. A change from the standard delta operation to star operation involves re-configuring the wiring of the three phases of power input at the terminal box. Operating in the star mode leads to a voltage reduction by a factor of '1.732.

· For 35 to 50% Load variation, star delta change over device can be installed 
· For 50 to 60% loding, motor can be replaced with new OPTIMUM SIZE OF motor

· The replacement of motors operating at 60 – 70 % of capacity or higher is generally not recommended.
L-2
A 10 TPH Boiler was operating at 50% loading with 60% damper opening of ID Fan.  The following two proposals were considered for implementation.

Proposal -1: Incorporate VSD  (efficiency of VSD 95%)

                                  Investment = Rs. 2.5 lakhs


Proposal-2 : Change the fan pulley SIZE
                                  Investment = Rs. 20,000

Motor input is 18 KW at full load


Motor and transmission efficiency = 92%


Cost of Power   = Rs.4./unit


Annual operating hours= 6000
            Assume fan efficiency is not changed

As an energy manager, which option will be selected for better pay back period? If speed of the fan is reduced to 75% of rated speed.


Proposal -1


Change pulley of the motor to small size


  N2 (new speed)     = 0.75 N1 (old speed)
               P2     =       P1 x (0.75N)3         

                                ---------------------

                                        N13      


Mpotor input=18kw, then fan input = 18x0.92=16.56kw
               P2      = 16.56 x (0.75)3
                             --------------------

                                    N13
               P2       = 16.56 x (0.75)3        = 6.986 say = 7 KW

MOTOR INPUT POWER=7./0.92                =7.6 KW

              Electricity Savings per hour = 18-7.6= 10.4

               Annual savings =                     10.4 KW x 6000 x 4 = Rs. 2.496 lakhs       

Investment  =20,000

Sipmple pay back = 0.2/2.496= one month
         Proposal -2: Incorporate VSD  (efficiency of VSD 95%)

Saving by speed reduction                             = 7.0 KW

Efficiency of VSD 95%)


Motor Input  power                          =  7/(0.92x0.95)    =8.7

              Electricity Savings per hour      = 18-8.7= 9.3
                    Annual savings =                     9.3 KW x 6000 x 4 = Rs. 2.23 lakhs       

               Investment  =Rs.2.5 lakhs


Sipmple pay back = 2.5/2.496= one year

     Answer: option 1will be selected as pay back period less. No need for varable speed requirments
L-3
List any 10 Energy Conservation measures in compressed air system
1. Retrofit with variable speed drives in big compressors, say over 100 kW, to eliminate the`unloaded' running condition altogether.

2. Reduce compressor delivery pressure, wherever possible, to save energy.

3. Provide extra air receivers at points of high cyclic-air demand which permits operation without extra compressor capacity.

4. Keep the minimum possible range between load and unload pressure settings.

5. Automatic timer controlled drain traps wastes compressed air every time the valve opens.So frequency of drainage should be optimized.

6. Compressed air leakage of 40 – 50 percent is not uncommon. Carry out periodic leak tests to estimate the quantity of leakage.

7. Install equipment interlocked solenoid cut-off valves in the air system so that air supply to a machine can be switched off when not in use.

8. Present energy prices justify liberal designs of pipeline sizes to reduce pressure drops.

9. Compressed air piping layout should be made preferably as a ring main to provide desired pressures for all users.

10. A smaller dedicated compressor can be installed at load point, located far off from the central compressor house, instead of supplying air through lengthy pipelines.
L-4
Give short notes for the following:

a) Scroll Compressor


b) Energy efficient motor
Scroll Compressors

The scroll compressor is an old invention that has finally come to the market. The gas is compressed between two scroll-shaped vanes. One of the vanes is fixed, and the other moves within it. The moving vane does not rotate, but its center revolves with respect to the center of the fixed vane

This motion squeezes the refrigerant gas along a spiral path, from the outside of the vanes toward the center, where the discharge port is located. The compressor has only two moving parts, the moving vane and a shaft with an off-center crank to drive the moving vane. Scroll compressors have only recently become practical, because close machining tolerances are needed to prevent leakage between the vanes, and between the vanes and the casing.

Energy efficient motor 

Thus energy-efficient electric motors reduce energy losses through improved

design, better materials, and improved manufacturing techniques. Replacing a motor may be justifiable solely on the electricity cost savings derived from an energy-efficient replacement. This is true if the motor runs continuously, power rates are high, the motor is oversized for the application, or its nominal efficiency has been reduced by damage or previous rewinds.

About 4-5 5 efficiency is increased for EE motor. Slip is less. Life will be increased due to less operating temperature
L-5
An engg industry has lighting load of 40 KVA.  The incoming supply voltage is 415 V during day time and 440 V during night time.

Lighting load during day time            = 20 KVA

             Lighting load during night time          = 40 KVA

             PF in the lighting feeder                    = 0.7


Energy cost = Rs5/kw

             Energy Manager has installed a 50 KVA lighting transformer.  The lighting voltage is set to 200 V always.

            i) Find out the pay back period if investment for transformer is Rs.25,000.

             ii)What is the % of energy savings?

           Present Case
  During Day time

3 Phase voltage = 415

Single phase voltage = 415/(3 = 240  V

Power consumption = 14 KW

Current drawn = 14/240 x .7 = 83.3 amps

  During night time

3 Phase voltage = 433

Single phase voltage = 433/(3 = 250  V

Power consumption = 28 KW

Current drawn = 28/250 x .7 = 160 amps
Future Case
Power Consumption in day time = VI Cos (  = .200 x 83.33x.7 = 11.66 KW

Power Consumption in night time =  .200 x 160x.7 = 22.4 KW

Energy savings per day             = (14-11.66) + (28-22.4)   = 2.34+5.6  = 7.94 KW                                       

Savings per day                          = 7.94 x 365  = 2898 KW

Cost per year                              = 5 x 2898 = Rs.14490

Investment                                 = 25000

Pay Back                                    = 1.7 years
Base energy consumption= 42 kw

New energy consumption /day= 34.06

 Savings/day= 7.94

5 energy saving= 7.94/42=18.9%

-------- End of Section  - III ---------
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