Paper 2 


Model Question Paper-2006
NATIONAL CERTIFICATION EXAMINATION 

FOR

ENERGY MANAGERS & ENERGY AUDITORS
	PAPER – 2:  Energy Efficiency in Thermal 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.
	Which of the following fuel needs preheating for pumping from storage tank

a)  LSHS 

b)  Furnace Oil
c)  Heavy Fuel  Stock
d)   All of the above

	2.
	Pour point of the fuel is the …….
a) Lowest temperature at which it will flow when cooled from high temperature
b) High temperature at which it will flow when heated from low temperature
c) Lowest temperature at which it will solidify when cooled from high temperature
d) Highest temperature at which it will solidify when cooled from high temperature

	3.
	Sulfur   content is lowest in 
a) LSHS 
       b)LDO         c) Furnace oil 
         d) Kerosene

	4.
	Calorific value of fuel is highest in
a) Furnace oil         b) LSHS        c) LDO            d) Anthracite coal

	5.
	Spontaneous combustion can be prevented by
a) Allowing more ventilation of air
       
b) Spraying water over the leaps of coal         
c) Both a and b               
d  None of the above

	6.
	Higher the sulphor content in the fuel, Dew point temperature will  
a) decrease 
                b) increase  

c) same    
                d) No impact

	7.
	Which of the following is recommended for pumping light fuel oil
a) Diaphragm Pump
b) Gear Pump
c) Centrifugal Pump
d) All of the above

	8.
	High ash content will
a) Increase the handling cost          
b) Causes clinkering and Slagging       
c) Reduces boiler capacity

d) All of the above

	9.
	Blending of coal means
a) Mixing of excessive fines with large lumps of coal
     
b) High GCV coal with Low GCV coal

c) Both a and b  
d) Mixing high sulphor content with low sulphor content

	10.
	Moisture content is less in
a) Deoiled Bran 
b) Paddy Husk

c) Saw Dust        d)Coconut Shell  

	11.
	 The atomization temperature of 105oC is recommended for 
a) LAP Burner       c) HAP Burner
b) MAP Burner
d) All of the above

	12.
	The ash fusion temperature for typical  Indian coal is 
a) 1700oC 
b) 1300oC
c) 1100oC          d) 900oC

	13.
	The temperature of flue gas is high in
a) Two pass Boiler 

b) Three Pass Boiler
      
c) Both a and b                               
d) None of the above

	14.
	Steam pipes comes under IBR Inspection if
a) Steam pressure exceeds 5.5kg/m2 and internal diameter exceeds 250mm           
b) Steam pressure exceeds  3.5kg/m2  and internal diameter exceeds 254mm           
c) Steam pressure exceeds 1.5 5kg/m2  and internal diameter exceeds25mm           
d) None of the above

	15.
	Pulverized coal is crushed into
a) 50 to 55% is below 75 microns
b) 60-65% is below 75 microns


c) 70-75%  is below 75 microns
d) 90-95% is below 75 microns

	16
	Suspension burning as well as Grate burning  takes place in 
a)  Chain Grate Stoker boiler   
b)  Spreader  Stoker boiler    
c)  Pulverized fuel boiler        
d)  Fluidized Bed boiler

	17
	For complete combustion 1kg sulfur needs theoretically 
 a) 5.45kg of air            
 b) 4.35kg of air
 c) 3.45kg of air

 d) None of the above

	18
	 Highest permissible TDS limit is allowed  for 

a)  Economic boiler 
b)  Water tube boiler 
c)  Smoke tube boiler  
d)  Lancashire boiler

	19
	What is the % of  Excess air if CO2% measured is 7.5 and theoretical CO2 is 15%
a) 50%       b) 75%

c) 100%      d) None of the above

	20.
	The TDS level by Softening process method for boiler water treatment may be
a)  reduced  


b)  increased


c)  Both a and b
d)  None of the above

	21
	Semi permeable membrane will allow to
a) Flow of minerals and  molecules only 


b) Flow of water molecules only


c) Both a and b        
d) None of the above

	22
	The operating Excess air percentage is high in
a) Spreader Stoker coal fired boiler
      
b) Oil fired boiler 
c) Bagasse fired boiler 

d) Wood fired boiler 

	23
	Boiler replacement may be recommended if boiler is 
a) Old and inefficient                  
b) Over sized for present conditions     

c) Not designed for ideal loading conditions    
             
d) All of the above     

	24
	Specific volume of steam increases
a) With increasing pressure

b) With decreasing pressure


c) Does not changes with pressure

d) None of the above

	25
	Latent heat at 1 atm pressure is 
a) Zero

b) 540 kcal/kg      c) Infinite    d) None of the above

	26
	From the steam header, condensate is to be drained for every 
a) 10 meter length steam pipe line                
b) 20 meter length steam pipe line                   
c) 30 meter length steam pipe line                   
d) 50 meter length steam pipe line

	27
	It is preferable to choose the type of…….. trap for draining condensate from steam header pipeline is
a) TD Trap              b) Inverted Bucket Trap
c) a or b  
              d) Float trap 


	28
	Saturated steam will flow at velocity of
a) Upto 40 km/hr     b) Upto 70 km/hr          

c) Upto 100 km/hr   d)  Upto 140 km/hr

	29
	Flash steam can be identified by following
a) Steam blows out continuously in a blue stream 

b) Steam blows out continuously in a white stream
c) Steam blows out in Blue  

d) Steam blows out in white intermittently

	30
	Self Recuperative burner used to  
a) Preheat the fuel oil               
b) Preheat the combustion air                 
c) Both a and b          
d) None of the above                 

	31
	A Refractory property, PCE is called 
a) Preheated  cone equivalent                
b) Pyrometric cone equivalent      
c) Pressurized Cone equilibrium                  
d) None of the above   

	32
	Higher the bulk density  of a given refractory, increases
a) its volume stability                  
b) its heat capacity             
c) its resistance to slag penetration 
             
d) All of the above

	33
	Cold crushing strength is high for
a) Clay refractory   
             b)   High Alumina refractory
c) Diatomite solid grade  
d)   Silica refractory

	34
	Out of 3 Ts  of combustion, the fluidized bed combustion mostly utilizes………and ………….for good combustion 
a)  Time and Temperature
                   
b)  Temperature and turbulence
c)  Time and turbulence
                   
d)  None of the above

	35
	The size of crushed coal for CFBC boiler
a) 1-10 mm 
b) 3-12 mm
c) 6-10 mm       d) 5-12 mm

	36
	The overall conversion efficiency of PFBC boiler is higher by ----- % over conventional power plant
a) )  2-5%  b)  3-6%  c) 4-7% d) 5-8%  

	37
	Which of the following is not dependency factor for in bed heat transfer of FBC Boiler
a) Particle size
b) Bed temperature
c) Bed pressure
d) Primary air velocity

	38
	The amount of fly ash to be handled in FBC boiler is
a)Low when compared to conventional boiler  
b)Medium when compared to conventional boiler  
c)High when compared to conventional boiler  
d)Same when compared to conventional boiler

	39
	Which of the Cogen system can offer a minimum range of heat to power ratios
a) Back pressure steam turbine

b) Combined Cycle 
c) Gas turbine

d) DG sets

	40
	Cogeneration system is most suitable for
a) Sugar Industry                      b) Foundry             
c) Automobile Engineering       d) Oil extraction Industry

	41
	Best suited fuel for Gas turbine
a) HSD                b) Naphtha  
c) LSHS              d) Kerosene

	42
	Which of the following gives max electrical efficiency
a) Large gas turbine

b) Reciprocating engines  
c) Condensing steam turbine

d) Back pressure steam turbine 

	43
	A 2000 kg/hr flue gas is exhausted from DG set at 400oC.  Specific heat is 0.25 kcal/kg.  Ambient temperature is 30oC.  What is the Heat available in the flue gas?
a) 2,00,000 kcal/hr

b) 1,85,000 kcal/hr 
c) 8,00,000 kcal/hr                 
d) 1,00,000 kcal/hr

	44
	Heat recovery from the Dryer exhaust air is a good  application of……….in industry
a) Heat Pump     b) Heat Wheels     c) Economizer   d) Refrigerator

	45
	Thermo compressor is used for
a) Recovery of flue gas at low temperature

b) Recovery Flash steam from condensate  
c) Recovery Vapour from hazards  chemical process
  
d) All of the above

	46
	The maximum efficiency possible for sensible heat recovery in heat wheel is
a) 25%                  b)  50%     

c) 85%
                d)  95% 

	47
	HP HE means
a) Heat Pump Heat Exchanger

b) Heat Pipe Heat Exchanger     
c) High Pressure Heat Exchanger

d) None of the above

	48
	Ceramic recuperators can  be used when the exhaust  flue gas temperature available
a) Upto 600  

b)  600 to 1000
c) More than 1300oC 
d)  None of the above

	49
	Maximum Heat transfer occurred in heat treatment furnace process is by
a) Radiation
b) Convection
c) Conduction
d) Convection & Conduction

	50
	20% make up water is used In an Economic Boiler.  The TDS of make up  water and blow down water are  200 ppm and 3000 ppm respectively.  What is the blow down rate?
a) 1.00       b) 1.25       c) 2.00     d) 2.25


Section - II: 
  SHORT DESCRIPTIVE QUESTIONS

Marks: 10 x 5 = 50


(i)
Answer all Ten questions


(ii)
Each question carries Five marks

S-1
A 60 kg/hr of fuel oil (LDO) was fired in process boiler.  The actual and 
theoretical 
percentage of carbon-dioxide is 9 and 16% respectively. Assume Theoretical 
air 
required for fuel oil is 14.The specific gravity of oil is 0.88.


Find out the Excess air and calculate the quantity of flue gas

	Solution :

	% of  Excess air                    =       16   – 1  x 100         =  77.77%

                                                        9

Quantity of flue gas              =      60 (14 x 1.78 +1)          =  1555.2 kg/hr


S-2
List down ten energy conservation measures in steam system.
· Use back pressure steam turbines to produce lower steam pressures.

• Use more-efficient steam desuperheating methods.

• Ensure process temperatures are correctly controlled.

• Maintain lowest acceptable process steam pressures.

• Reduce hot water wastage to drain.

• Remove or blank off all redundant steam piping.

• Ensure condensate is returned or re-used in the process.

(6°C raise in feed water temperature by economiser/condensate recovery corresponds to a

1% saving in fuel consumption, in boiler)

• Preheat boiler feed-water.

• Recover boiler blowdown.

• Check operation of steam traps.

• Remove air from indirect steam using equipment

(0.25 mm thick air film offers the same resistance to heat transfer as a 330 mm thick copper

wall)

• Inspect steam traps regularly and repair malfunctioning traps promptly.
S-3
Explain the features of packaged boilers and its features.
Packaged Boiler: The packaged boiler is so called because it comes as a complete package. Once delivered to site, it requires only the steam, water pipe work, fuel supply and electrical connections to be made for it to become operational. Package boilers are generally of shell type with fire tube design so as to achieve high heat transfer rates by both radiation and convection .

The features of package boilers are:
· Small combustion space and high heat release rate resulting in faster evaporation.

· Large number of small diameter tubes leading to good convective heat transfer.

· Forced or induced draft systems resulting in good combustion efficiency.

· Number of passes resulting in better overall heat transfer.

These boilers are classified based on the number of passes – the number of times the hot combustion gases pass through the boiler. The combustion chamber is taken, as the first pass after which there may be one, two or three sets of fire-tubes. 

S-4
In agriculture based industry; wood with 30% moisture was burned in a boiler.  The GCV of wood was 2400 kcal/kg.  Energy Manager has suggested to dry the wood in open Sun drying to reduce the moisture content from 30% to 10% for wood saving.  Flue gas temperature is 180oC.  Ambient temperature is 30oC.  How much wood can be saved by this suggestion?
	Solution:

	Loss due to moisture content in wood     = M x  [ 584 + CP [Tf- Ta] 
                                                                    ------------------------------- x 100 

                                                                                   GCV

Heat saving by solar drying                     = (0.3-0.1)  [ 584+0.45  (180-30)]

                                                                     -------------------------------------- x 100

                                                                                       2400

                                                                 = 5.43%




S-5
Discuss Group trapping and Individual trapping.
The initial cost can be reduced by connecting several units to a common steam trap as shown below. This is known as group trapping. However, it is rarely successful, since it normally causes water-logging and loss of output. The steam consumption of a number of units is never the same at a moment of time and therefore, the pressure in the various steam spaces will also be different. It follows that the pressure at the drain outlet of a heavily loaded unit will be less than in the case of one that is lightly or properly loaded. Now, if all these units are connected to a common steam trap, the condensate from the heavily loaded and therefore lower pressure steam space finds it difficult to reach the trap as against the higher pressure condensate produced by lightly or partly loaded unit. The only satisfactory arrangement, thus would be to drain each steam space with own trap and then connect the outlets of the various traps to the common condensate return main as

shown below.
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S-6
Classify the various types of insulation as per temperature and give an example for each type.
The Insulation can be classified into three groups according to the temperature ranges for which they are used.

Low Temperature Insulations (up to 90 °C)

This range covers insulating materials for refrigerators, cold and hot water systems, storage tanks, etc. The commonly used materials are Cork, Wood, 85% magnesia, Mineral Fibers, Polyurethane and expanded Polystyrene, etc.

Medium Temperature Insulations (90 – 325 °C)

Insulators in this range are used in low temperature, heating and steam raising equipment, steam lines, flue ducts etc. The types of materials used in this temperatures range include 85%

Magnesia, Asbestos, Calcium Silicate and Mineral Fibers etc.

High Temperature Insulations (325 °C – above )

Typical uses of such materials are super heated steam system, oven dryer and furnaces etc. The most extensively used materials in this range are Asbestos, Calcium Silicate, Mineral Fibre, Mica and Vermiculite based insulation, Fireclay or Silica based insulation and Ceramic Fibre.

S-7
Briefly explain mechanical type De-aeration.
Removal of oxygen, carbon dioxide and other non-condensable gases from boiler feed water is vital to boiler equipment longevity as well as safety of operation.

Mechanical de-aeration

Mechanical de-aeration for the removal of these dissolved gases is typically utilized prior to the addition of chemical oxygen scavengers. Mechanical de-aeration can be the most economical. They operate at the boiling point of water at the pressure in the deaerator.

They can be of vacuum or pressure type.

The vacuum type of de-aerator operates below atmospheric pressure, at about 82 °C, can reduce the oxygen content in water to less than 0.02 mg/litre. Vacuum pumps or steam ejectors are required to maintain the vacuum.

The pressure-type de-aerators operates by allowing steam into the feed water through a pressure control valve to maintain the desired operating pressure, and hence temperature at a minimum of 105 °C. The steam raises the water temperature causing the release of O2 and CO2 gases that are then vented from the system. This type can reduce the oxygen content to 0.005 mg/litre.
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S-8
Flash steam is generated at 2 bar from 7 bar condensate water.

Enthalpy of 7 bar condensate                     = 165.6 kcal/kg


Enthalpy of 2 bar condensate                     = 120 kcal/kg


Total heat content in flash and steam         = 646 kcal/kg

Find out the % of flash steam generation.

	Solution:

	Flash Steam                                           = S1-S2

                                                                   --------

                                                                      L2

                                                               =  165.6 – 120

                                                                   ---------------- x 100

                                                                      646-120

                                                               = 8.7%


S-9
A batch type heat treatment furnace was operating 8 hrs. per day in a foundry industry.  Determine the Heat Loss due to furnace opening which is used for charging and discharging from the given data


Area of door opening


= 1.5 m2

Factor of total radiation

= 0.65


Furnace operating Temperature        = 1200oC


Ambient temperature                         = 37oC

	Solution:

	Q                  = 4.88    [ 1200 + 273 ]4 

                        ------------------------------ x 0.65 x 1.5 x 8

                                  100

                     = 223993.5 kca;/hr


S-10
What are the Benefits of WHR devices implementation in Industry?  List down five 
WHR sources in a typical industry.
Benefits:

Reduction in the utility consumption & costs, and process cost.

Reduction in pollution: A number of toxic combustible wastes such as carbon monoxide gas, sour gas, carbon black off gases, oil sludge, 

Reduction in equipment sizes: Waste heat recovery reduces the fuel consumption, which leads to reduction in the flue gas produced. This results in reduction in equipment sizes of all flue gas handling equipments such as fans, stacks, ducts, burners, etc.

Reduction in auxiliary energy consumption: Reduction in equipment sizes gives additional benefits in the form of reduction in auxiliary energy consumption like electricity for fans, pumps etc..


WHR sources in a typical industry.
1. Heat in flue gases. 

2. Heat in vapour streams..

3. Convective and radiant heat Low grade 

4. Heat losses in cooling water.

-------- 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 the predominant Hydrocarbon present in the LPG?  Calculate the Theoretical air required for complete combustion of 1 kg of propane with 0.04% Oxygen.

i) Propane and Butane are the predominant Hydroban in LPG
ii) Formula Propane          = C3H8


 C3H8 + 502         3CO2 + 4H2O


 44 + 160             132   +  72



 1 kg + 160  
                                    ------   = 3.64 kg O2  
                                     44


Net Oxygen required for complete combustion = 3.64-0.04

                                                                                      = 3.60 kg of Oxygen
            Theoretical air required = 3.60
                                                     ------   = 15.65 kg of air

                                                      0.23
L-2
Determine the boiler efficiency by direct method and evaporation ratio from the 
following data.

Boiler capacity Rating



=  10 TPH, F & A 100oC


Fuel oil (LSHS) consumption           
            =   600 lit/hr

Specific gravity of fuel oil                                     =   0.90


Saturated steam generation pressure & 

                                                  Temperature                   =   8 kg/cm2(a) and 170oC

            Qty. of steam generation                                      =   8 TPH with 0.9 dryness fraction

Enthalpy of steam


           =   660.8 kcal/kg at 8 kg/cm2(a)


Feed water temperature


           =   60oC


GCV of fuel oil



           =   10600 kcal/kg
	Solution:

	Qty. of steam generation             =  8 T/hr
Dryness                                       = 0.9

Pure steam + moisture                = 7200 kg/hr + 800 kg/hr

Efficiency by                                = 7200 (660.8-60) + 800 X 170

                                                       --------------------------------------- X 100

Direct method                                 (600 x 0.9) 10600

                                                    = 77.95%

Evaporation Ratio                        =   8000               8000
                                                       -------------    =     -------     = 14.81
                                                         (600 x0.9)         540
    


L-3
Find out the pressure drop occurred in 500 meters length of steam pipelines.  The bore of the pipe is 250 mm in horizontal piping.  Saturated steam velocity is 20 m/s and friction factor is 0.005.  How much pressure drop will be reduced if pipe dia has increased from 250 mm to 350 mm.
	Solution :

	( i ) Pressure drop, hf   =  4 f LV2
                                                             -----------
                                           2 gD

                                    =  4x0.005x500x202
                                        ------------------------------

                                            2 x 9.81 x 250 

                                   = 0.815 bar

( ii ) gf pipe size is increased to 350 mm

                                   =  4 x 0.005 x 500 m (20 m/s)2   

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

                                            2 x 9.81 x 350 mm

                                   = 0.582 bar

(iii) Pr. Drop Reduction = 0.815 – 0.582

                                     = .233 bar



L-4
Briefly explain the factors influencing cogeneration choice.  For a particular site specific industry.
The selection and operating scheme of a cogeneration system is site-specific and depends on several factors, as described below:

Base electrical load matching

In this configuration, the cogeneration plant is sized to meet the minimum electricity demand of the site based on the historical demand curve. The rest of the needed power is purchased from the utility grid. The thermal energy requirement of the site could be met by the cogeneration system alone or by additional boilers. If the thermal energy generated with the base electrical load exceeds the plant’s demand and if the situation permits, excess thermal energy can be exported to neighbouring customers.

Base Thermal Load Matching

It is sized to supply the minimum thermal energy requirement of the site. Stand-by boilers or burners are operated during periods when the demand for heat is higher. 

If the electricity demand of the site exceeds that which can be provided by the prime mover, then the remaining amount can be purchased from the grid. 

Electrical Load Matching

In this option, the facility is totally independent of the power utility grid. All the power requirements of the site are to be taken into account while sizing the system. This is also referred to as a “stand-alone” system. If the thermal energy demand of the site is higher than that generated by the cogeneration system, auxiliary boilers are used. On the other hand, when the thermal energy demand is low, some thermal energy is wasted. If there is a possibility, excess thermal energy can be exported to neighbouring facilities.

Thermal Load Matching
The cogeneration system is designed to meet the thermal energy requirement of the site at any time. The prime movers are operated following the thermal demand. During the period when the electricity demand exceeds the generation capacity, the deficit can be compensated by power purchased from the grid. Similarly, if the local legislation permits, electricity produced in excess at any time may be sold to the utility.

L-5
What are the criteria for development of waste heat recovery system in an industry.  Explain the working principle and application of Heat pipes.
i) 
	The criteria for development of WHR are 
Identify the following before selection of WHR devices
· Sources and use of waste heat

· Upset conditions if any (back pressure)

· Availability of space

· Acid due point problem if any

Review the process flow, Layout

Piping, Instrumentation & Control

Economic analyzer of WHR

Such as Investment, depreciation, pay back period, Commercial availability, etc.


ii)Heat Pipe

The Heat Pipe comprises of three elements - a sealed container, a capillary wick structure and a working fluid. The capillary wick structure is integrally fabricated into the interior surface of the container tube and sealed under vacuum. Thermal energy applied to the external surface of the heat pipe is in equilibrium with its own vapour as the container tube is sealed under vacuum. Thermal energy applied to the external surface of the heat pipe causes the working fluid near the surface to evaporate instantaneously. Vapour thus formed absorbs the latent heat of vapourisation and this part of the heat pipe becomes an evaporator region. The vapour then travels to the other end the pipe where the thermal energy is removed causing the vapour to condense into liquid again, thereby giving up the latent heat of the condensation. This part of the heat pipe works as the condenser region. The condensed liquid then flows back to the

evaporated region. A figure of Heat pipe is shown below
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- Applications in industries are:

• Preheating of boiler combustion air

• Recovery of Waste heat from furnaces

• Reheating of fresh air for hot air driers

• Recovery of waste heat from catalytic deodorizing equipment

• Reuse of Furnace waste heat as heat source for other oven

• Cooling of closed rooms with outside air

• Preheating of boiler feed water with waste heat recovery from flue gases 

• Drying, curing and baking ovens

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