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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.
	 Maximum demand of electricity used in industry as shown in a monthly utility electricity bill is the

a) instantaneous highest kVA recorded during any point of time within the month

b) average kVA recorded  within the month 


c)  highest average kVA recorded during any one-demand interval within the month   
      d)   none of the above

	2.
	A  230V , 100 W rated incandescent bulb is operated at  a constant voltage of 250V.  The approximate power consumption of bulb is

a) 100 W                 b) 85 W          c) 118 W
           d) none of the above

	3.
	Heat which, when added or subtracted does not result in a change of temperature is called as

a) sensible heat     b) heat capacity   c) specific heat     d) latent heat    

	4.
	A three phase induction motor is drawing 10 Ampere at 400 Volts. If the operating power factor of the motor is 0.85 and the motor efficiency is 90%, then the mechanical shaft power output of the motor is

a) 5.3 kW              b) 6.9 kW             c) 5.88 kW            d) none of the above



	5.
	Kilo Volt Ampere (kVA) in a three phase electrical circuit could be written as 

a) Voltage x Ampere 


b) 1.732 xVoltage x Ampere
1000 

1,000

c) Voltage x Ampere x1,000

d) none of the above

	6.
	Primary energy sources are

a) potential energy due to earth gravity   

b)  thermal energy found in earth’s interior   

c) coal    

     d) all of the above

	7.
	The country which has the largest share of coal reserve is

a) USA                b) Russia                c)    China             d) India

	8.
	Select the incorrect statement with respect to Nitrogen Oxides (NOx)

a) it is formed during low temperature combustion process from the oxidation of nitrogen in the air and/or fuel


b) it irritates the respiratory system and may worsen asthma

c) in the presence of sunlight, it reacts with hydrocarbons to form ozone


d) it combines with water vapour to form nitric acid

	9.
	Choose the incorrect statement with respect to greenhouse gases

a) the escape of slow moving re-emitted infrared radiation from the earth is delayed by the greenhouse gases
b) methane and nitrous oxide are greenhouse gases

c) carbon dioxide is responsible for 60 percent of the “enhanced greenhouse effect”

d) they makeup only 10 percent of atmosphere

	10.
	The Energy Conservation Act 2001 does not require designated consumers to comply with the provision to

a) appoint/ designate a certified energy manager


b) conduct an energy audit through a certified energy auditor

c) comply with energy consumption norms & standards

d) submit an annual report on the status of energy consumption to designated agency

	11.
	 For calculating plant energy performance which of the following data is not required

a) production factor
                                 b) capacity utilisation 

 c) current year energy use                         d) reference year energy use

	12.
	Which one is not an energy consumption benchmark parameter?

a) kWh/ ton of cement      

        b) kCal/ kg. of clinker     

c)kWh/ ton of refrigeration                      d) boiler evaporation ratio

	13.
	Which one is the key element for successful Energy Management?

a) training       b) planning          c) monitoring    d) top management support     

	14.
	A solution of common salt in water is prepared by adding 18 kg of salt to 100 kg of water, to make a liquid of density 1800 kg/m3. The concentration of salt in this solution as a weight fraction is
a) 0.1666   
  b) 0.18
        c) 0.1525
          d) none of the above

	15.
	If air consists of 77% by weight of nitrogen and 23% by weight of oxygen , the mean molecular weight of air is,
a) 11.9 

b)   17.7              c) 28.8
       d) none of the above

	16.
	Power factor  in an alternating current (AC) circuit is given by

a) kW / kVA


                         b) kW / (kW2 +kVAr2)1/2

c) [(kVA + kVAr) x (kVA – kVAr)]1/2 / kVA        d) all the above

	17.
	In an indirect heating of a chemical process, steam gives out more heat than an equal amount of boiling water at 100deg C because of its 

a)sensible heat                                     b) latent heat
c) good conduction                              d) good convection

	18.
	The factor which is normally not involved in deciding final cost of purchased electricity is

a) reactive power charge               b) energy charge 
c) power factor Charge                     d) maximum demand charge    

	19.
	The percentage of energy saved at the current rate of use, compared to the reference year rate of use, is called 
a)  energy conservation


b) energy efficiency

c)  bench marking


            d) energy performance

	20.
	Pre-audit phase does not include
a) plan and organise


b) walkthrough audit
      

c) informal interview with plant personnel 

d) construct energy and mass balance


	21.
	An organization while establishing energy management system, need to 

a) appoint energy manager 
       b) form a dedicated energy team  

c) institute an energy policy 
       d) all the above

	22.
	The following is not a negative force in a force field analysis
a) absence of corporate energy policy 

b) lack of awareness throughout the company
c) competing corporate priorities
d) energy is a relatively high component of the product cost

	23.
	Which of the following is the least important of a good energy information system

a)  data volume                             b) data relevance                          

c) data accuracy                            d) data validation

	24.
	A sum of Rs 10000 is deposited in a bank as a fixed deposit  for 3 years . The bank pays 9% interest compounded annually. How much money, in Rs., will be received at the maturity if the fixed deposit is encashed?

a) 11800       b) 12700                c) 12950                d) none of the above

	25.
	In a cooling tower the circulation rate of water is 200 m3 /hr.  The blow down load is 2% and the evaporation and drift losses are 1% , the make up water requirement is  

a) 2 m3 /hr       
b) 3 m3 /hr 
      c) 4 m3 /hr          
d) 6 m3 /hr

	26.
	A material balance is based on  

a) volume        b)       temperature         c) concentration     d)  mass 

	27.
	Concentrations can be expressed in 

a) weight/ weight (w/w)

           b) weight/volume (w/v)
c) molar concentration (M)

           d) all the above

	28.
	 A furnace oil fired boiler operates at an excess air of 20 %. If the stochiometric air fuel ratio is 14 then for an oil consumption of 50 kg per hour, flue gas liberated in kg/hr would be

a) 700                     b) 890                   c)    1400        d) none of the above

	29.
	20 m3 of water is mixed with 20 m3 of another liquid with a specific gravity of 1.3 kg/litre. The mass of the mixture would be

a) 40 tonnnes       b) 35.3 tonnes    c) 46 tonnes        d) none of the above


	30.
	ROI must always be ___ than interest rate 

a) lower
             b) equal
              c) higher               d) lower or equa

	31.
	Which of the following equation is used to calculate the future value of the cash flow?

a) NPV (1 – i)n 



 b) NPV + (1 – i)n
c) NPV (1 + i)n



              d) NPV/ (1 + i)n 

	32.
	Select the wrong statement

a) NPV of a project is equal to sum of the all present values of the cash flows


b) NPV represents the net benefit over and above compensation for time and risk 

c) accept the project if NPV is negative




d) NPV takes into account time value of money 

	33.
	The internal rate of return is the discount rate for which the NPV is

a)  less than 1                    b) +ve                 c) –ve                          d) zero   

	34.
	What is the expected Return on Investment (ROI) from the project with Rs.10 lakhs investment and annual saving of Rs.3.0 lakhs and annual operating cost of Rs.1.0 lakhs

a) 20%
              b) 25%
               c) 30%
       d) 10 %

	35.
	PERT/ CPM provides the following benefits

a) predicts the time required to complete the project


b) shows activities which are critical to maintaining the schedule

c) graphical view of the project


d) all the above 


	36.
	In the “energy versus production chart” XY coordinate system, the trend is

a) always a straight line going through zero point    b) sometimes a curve 

c) never a straight line
                                  d) always a straight line

	37.
	The factor that reflects the risk of the project while evaluating the present value of the expected future cash flow is 

a) life of the project


b) capital cost
 

c) discount rate


d) all the above

	38.
	Fixed energy consumption can be determined from a

a) Gantt chart   b) Sanky diagram     c) bar chart    d) X Y coordinate system



	39.
	 A factory substitutes expensive oil and starts firing rice husk in a boiler. The following scenario is most likely to happen

a) higher fuel cost                                       b) higher boiler efficiency        

c) less particulate emissions in the stack   d) higher energy consumption           

	40.
	In an industry, the energy consumed for a period is 3 lakhs kWh. The production in this period is 10,000 tonnes with a specific energy consumption of 25 kWh/ tonne. The fixed energy consumption (kWh) of the plant for that period is

a) 50000                  b) 25000             c)  275000            d) none of the above



	41.
	Which subject is not very important in the screening of projects in a need identification

a) implementation period

            b) availability of technology

c) sustainability of the savings
            d) cost-effectiveness



	42.
	The simplest technique for scheduling of tasks and tracking progress is 

a) CPM                b) Gantt chart            c) PERT                  d) CUSUM



	43.
	Critical path in a CPM network diagram

a) is the shortest path in the network    

b) is the longest path in the network 

c) in which all activities of long duration fall 

d) in which some of the activities may have slack time



	44.
	In a cumulative sum chart( CUSUM), if the graph is horizontal, then

    a)  actual and calculated energy consumption are the same 

    b)  energy consumption is reduced   

    c)  specific energy consumption is increasing      

    d)  nothing can be said                              



	45.
	Reduction of which of the following does not qualify for CDM

a) Perfluorocarbons (PFC)           b) SO2                c) CO2      d) SF6

	46.
	Ozone layer is found in the stratosphere between 

a) 5 to 10 km   above the ground          b) 10 to 50 km   above the ground                 

c)  50 to 100 km   above the ground     d)   100 to 200 km   above the ground                 

	47.
	The Global Warming Potential (GWP) of nitrous oxide is 

a) 18.7

     b) 21
          c)1
               d) 270 

	48.
	Changing from furnace oil firing to natural gas firing will result in

a) increased CO2 emissions                   b) decreased SO2 emissions  

c) decreased % of wet flue gas loss      d) none of the above 



	49.
	According to Kyoto Protocols, Annex II parties

a)   are developing countries


a) have the same obligations as of Annex I countries   

b) are also Annex I countries but have a special obligation to provide new and additional financial sources to developing countries 
c) none of the above



	50.
	The ratio of energy consumption to corresponding production quantity is called 

a) energy performance                        b) specific energy consumption         
c) production factor                             d) specific production ratio




-------- End of Section - I ---------

Section - II: 
  SHORT DESCRIPTIVE QUESTIONS

Marks: 10 x 5 = 50

(i)
Answer all Ten questions


(ii)
Each question carries Five marks

S-1 
A drilling machine drawing continuously 4kW of input power and with an efficiency of 50%, is used in drilling a bore in an aluminium block of 5kg of mass. How much will be the rise in temperature of the block at the end of 100 seconds? Assume 30% of the energy imparted to the block is lost to surroundings and the balance is absorbed by the block in its uniform heating, and the specific heat of aluminium block = 900 J/kg/degree K

Answer:

  Power input to the drilling machine


= 4kW

  Power output of drilling machine


= 4x0.5

= 2.0 kW 

=2.0x1000 W

 Let Q be the energy used in drilling of bore , Q         = 2.0x1000x100  watt-sec

= 200000 J

Since 20% of this energy is lost in surroundings,

Effective, energy absorbed by block,Q’
           =200000x0.7

=140000 J

Therefore 




140000= m x c p x (temp rise)

                            




= 5 x 900 x temp rise

              



 temp rise
=  140000/(5x900)

                  





= 31.1oC
S-2   Define the energy audit as per the Energy Conservation Act 2001? 
As per the Energy Conservation Act, 2001, Energy Audit is defined as “the verification, monitoring and analysis of use of energy including submission of technical report containing recommendations for improving energy efficiency with cost benefit analysis and an action plan to reduce energy consumption”..  

S-3 
Name the instruments used for the following measurements:

a)This instrument has in-built chemical cells which measure various gases such as O2, CO, NOX and SOX. 

b). Illumination levels are measured with this meter. It consists of a photo cell which senses the light output, converts to electrical impulses which are calibrated in terms of illumination levels

c) These are thermocouples which measures flue gas, hot air, hot water temperatures by insertion of probe into the stream

d) A hand bellow pump draws the flue gas sample into the solution inside the   instrument. A chemical reaction changes the liquid volume revealing the amount of gas

e) This is a non-contact type measurement which when directed at a heat surface directly gives the temperature read out.

Ans:

a) Combustion analyzer

b) Lux meters
c) Contact thermometer
d) Fyrite 
e) Infrared Thermometer ( or Thermo point)
S-4   Energy conservation and energy efficiency are separate, but related concepts. Justify the above statement in brief 

Energy Conservation and Energy Efficiency are separate, but related concepts.  

Energy conservation is achieved when growth of energy consumption is reduced, measured in physical terms.  Energy Conservation can, therefore, be the result of several processes or developments, such as productivity increase or technological progress.  

On the other hand Energy efficiency is achieved when energy intensity in a specific product, process or area of production or consumption is reduced without affecting output consumption or comfort levels.

Promotion of energy efficiency will contribute to energy conservation and is therefore an integral part of energy conservation promotional policies.

S-5
A gas fired water heater heats water flowing at the rate of 10 litres per minute from 20oC to 65oC. If the GCV of the gas is 4x107 J/kg, what is the rate of combustion of gas in kg/min ( Assume efficiency of water heater= 60% , density of water =1000 kg/ m3, specific heat of water= 4.2x103 J/kg/oC)

Answer:

	Volume of water heated                     
	10 litres/min

	Mass of water heated   
	10 kg/min

	Heat supplied by gas x efficiency
	Heat  required by water

	Mass of gas kg/ min x ( 4x107 J/kg) x  0.6        
	m x Cp x ( t2-t1)

	
	

	
	10 kg/min x (4.2x103 J/kg/ oC ) x (65-20) oC

	
	0.07875 kg/min

	
	


S-6
Define Sustainable development and write its three basic and inter related objectives. 

Ans:

Sustainable development is often defined as 'development that meets the needs of the present, without compromising the ability of future generations to meet their own needs'.  

Sustainable development encompasses three basic and inter-related objectives:

· Economic security and prosperity

· Social development and advancement

· Environmental sustainability

S-7
 A pressure reducing valve is proposed to be replaced by a steam turbine. The investment required is Rs.50 lakhs. Additional maintenance and operating costs for the turbine is expected to be Rs. 2 lakh per annum. If the annual savings is Rs.13 lakhs, calculate the payback period and Return on Investment.


Payback period                                     
=  50/(13 –2)








= 4.545 years


Return on Investment



= 1/4.545








= 22 %   

S-8
Draw a figure showing various steps in Energy Action Planning.

                   [image: image2.png]Re-Assess
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S-9
List down the essential elements of monitoring and targeting System?

     Ans.

The essential elements of an M&T system are:

1.Recording

2.Analyzing

3.Comparing

4.Setting Targets

5.Monitoring

6.Reporting

7.Controlling
S-10
A boiler uses furnace oil to generate steam.  The furnace oil consumption is 50  kg/hr and the total losses  in the boiler is 25%.  Calculate  the amount of steam generated per hour by considering 600 kCal is required to generate 1 kg steam.  Consider GCV of  furnace oil as 10200 kCal/kg.

Answer :

FO consumption rate                    = 50 kg/hr

GCV of  FO                                  = 10200 Kcal/kg

Total Input energy                        = 50 x 10200

                                                      = 510000 Kcal/hr

Total Loss @ 25%                       =  510000 x 0.25

                                                       = 127500 Kcal/hr

Total energy available to generate steam = 510000 x 0.75

                                                                = 382500 Kcal/hr

Total steam generated    =  382500

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

                                              600

                                     = 637.5 kg/hr

-------- 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
 The details of activities for a pump replacement project is given below:

a) draw a PERT chart 

b) find out the duration of the project

c) identify the critical path.

Answer

	Activity
	Immediate
Predecessors
	Time
(days)

	A
	-
	2

	B
	A
	2

	C
	B
	4

	D
	C
	6

	E
	C
	3

	F
	C
	5

	G
	D, E, F
	9

	H
	G
	8


Answer
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Duration = 31 days

Critical Path: A-B-C-D-G-H
L-2
The following are the cash flows for a simple insulation upgradation project.  

	YEAR
	0
	1
	2
	3
	4

	Cash flow
	 -18,000
	-5,000
	10,000
	10,000
	10,000


a) Calculate the NPV if the cost of capital or discount rate is 8%

b) Calculate the IRR

Answer

            NPV = -18,000  -  5,000   +   10,000  + 10,000  +  10,000  =   1,232
                                          (1.08)1        1.082        1.083         1.084
 

            0      = -18,000  -  5,000   +   10,000  + 10,000  +  10,000   

                                         (1+k)1       (1+k)2       (1+k)3       (1+k)4
  

IRR = 10. %

L-3
A textile dryer is found to consume 5 m3/hr of natural gas with a calorific value of 800 kJ/mole. If the throughput of the dryer is 60 kg of wet cloth per hour, drying it from 55% moisture to 10% moisture, estimate the overall thermal efficiency of the dryer taking into account the latent heat of evaporation only.( Note: Latent heat of evaporation=2257 kJ/oK, assume the natural gas to be at standard temperature and pressure at which 1 mole occupies 22.4 litres)
Answer:

60 kg of wet cloth contains

60 x 0.55 kg water = 33 kg moisture

and 60 x (1-0.55)  = 27 kg bone dry cloth.

As the final product contains 10% moisture, the moisture in the product is 27/9 = 3 kg

And so Moisture removed / hr = 33 - 3 =  30 kg/hr

Latent heat of evaporation = 2257 kJ/K

Heat necessary to supply = 30 x 2257 = 6.8 x 104 kJ/hr

Assuming the natural gas to be at standard temperature and pressure at which 1 mole occupies 22.4 litres

Rate of flow of natural gas = 5 m3/hr = (5 x 1000)/22.4  = 223.214 moles/hr

Heat available from combustion = 223.214 x 800 = 17.857 x 104 kJ/hr

Approximate thermal efficiency of dryer = heat needed / heat used 

= 6.8 x 104 / 17.857 x 104 = 38%

L-4
a) Differentiate between Dry Bulb Temperature & Wet Bulb Temperature.

              b) Differentiate between Specific humidity and Relative humidity.

  c) Differentiate between Gross Calorific Value (GCV) and Net Calorific      Value (NCV).  

a) Answer :

Dry Bulb Temperature:

It is an indication of the sensible heat content of air-water vapour mixtures.

Wet Bulb Temperature :

It is a measure of total heat content or enthalpy.  It is the temperature approached by the dry bulb and the dew point as saturation occurs.

b) Answer :

Specific humidity  :

It is the actual weight of  water  vapour mixed in a kg of dry air. 

Relative humidity :

It is the measure of degree of saturation of the air at any dry-bulb (DB) temperature.  Relative humidity given as a percentage is the actual water content of the air divided by the moisture content of fully saturated air at the existing temperature.

c) Answer :

Difference between Gross Calorific Value (GCV) and Net Calorific      Value (NCV).  

The heating value of fuel is the measure of the heat released during the complete combustion of unit weight of fuel.  It is expressed as Gross Calorific Value (GCV).  

The difference between GCV and NCV is the heat of  vaporization of the moisture and atomic hydrogen (conversion to water vapour) in the fuel
L-5 
Distinguish between ‘preliminary energy audit’ and ‘detailed energy audit’? 

Preliminary energy audit is a relatively quick exercise to:

· Establish energy consumption in the organization

· Estimate the scope for saving

· Identify the most likely (and the easiest areas for attention)

· Identify immediate (especially no-/low-cost) improvements/ savings

· Set a ‘reference point’

· Identify areas for more detailed study/measurement

· Preliminary energy audit uses existing, or easily obtained data

Whereas, detailed energy audit 

· Provides a detailed energy project implementation plan for a facility, since it evaluates all major energy using systems.

·  Offers the most accurate estimate of energy savings and cost. 

· Considers the interactive effects of all projects, accounts for the energy use of all major equipment, and 

· Includes detailed energy cost saving calculations and project cost.

· Arrives energy balance based on an inventory of energy using systems, assumptions of current operating conditions and calculations of energy use. This estimated use is then compared to utility bill charges

. 

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



















Figure 9.8 Sustainable Development





Figure : Steps in Energy Action Planning
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