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General instructions:

o Please check that this question paper contains 65 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

Section – I: OBJECTIVE TYPE                                                  Marks: 50 x 1 = 50

(i) Answer all 50 questions

(ii) Each question carries one mark

	1. 
	Which of the following is a non-commercial energy source?

a) Fire Wood     b) Coal     c) Electricity      d) Oil



	2. 
	India’s share of global coal reserve is approximately

a) 18.5%     b) 12.5%     c) 8.5%    d)  1%



	3. 
	In India, the % petroleum product consumption by the industrial sector is

a) 42%     b) 24%     c) 36%     d) 12%



	4. 
	If India maintains an economic growth rate of 8-10% then the installed capacity of power generation in 2012 will have to become

a) 2,15,000 MW   b) 1,08,000 MW      c) 1,50,000 MW  d) 1,80,000 MW



	5. 
	Demand of coal is expected increase in 2010 from the present demand by

a) 2 times   b) 3 times   c) 1.5 times   d) same



	6. 
	A potential of ---------- volts appears across a resistance of two ohms when a current of 1.5 ampere flows through that resistance.

a. 2

b. 3

c. 4

d. 1

	7. 
	Normally maximum demand is charged for ---------------

a. Active Power

b. Reactive Power

c. Apparent Power

d. All of the above



	8. 
	For an electric heater, the heat out put  --------------------- when resistance increases.

a. Increases 

b. Decreases
c. Remains constant
d. First increases then decreases.

	9. 
	The change of state from the solid state to liquid state is called as 

a. Vaporization

b. Fusion

c. Condensation
d. None of the above

	10. 
	Which is not a pre-audit phase step

a) Plan and Organize

b) Walk through audit

c) Informal interview

d) Analysis of energy use

	11. 
	What is the equivalent Kcal of 1 Kwh

a) 660

b) 760

c) 860

d) 1000

	12. 
	Which of the following is not considered for cooling tower effectiveness

a) Heat bulb temperature

b) Relative humidity

c) Tower height

d) None of the above



	13. 
	Instrument used for measuring illumination level is called

a) Illuminometers

b) Lux meter

c) Light meter

d) Photo meters

	14. 
	Replacement of electric heaters by steam heaters is 

a) Energy substitutions

b) Energy conservation
c) Energy efficiency measure
d) None of the above

	15. 
	Which of  the following equation is correct?

a) Products = Raw material + Waste products + Losses

b) Energy In = Energy Out + Stored Energy 

c) Raw material  = Products + Stored Products + Waste Products+ Losses

d) Both b and c



	16. 
	Molar concentration is expressed in

a) Moles / M3     b)  Moles / Kg      c)  Moles / Moles   



	17. 
	In energy balance, which of the following types of energy is considered

a) Enthalpy  b) Potential energy   c) Chemical energy  d) All the above


	18. 
	If air consists of  77% by weight of N2  and 23% by weight of O2, mean molecular weight of  air is

a) 24    b) 28   c) 28.8   d) None

	19. 
	TOD in electrical parameter refers to

a) Time of day   b) Total operating demand  c) Total outages per day  d) Time of demand

	20. 
	Which of the following formula do you use while conducting heat balance?


a)  Q = mc Δ T    b) P  =       3     V  I  Cos (     c)  PV =  n RT

d)  None of  the above

	21. 
	Material and energy balance is necessary to assess 

a) Losses and Emissions   b) Profit    c) Cost of  Production

d) None of  the above



	22. 
	What is the ROI from a project which requires a capital cost of Rs.10 lakhs & having a annual net cash flow of Rs.4 lakhs

a) 20%

b) 40%

c) 250%

d) 125%   

	23. 
	Which of the following is macro factor  to be considered for the sensitivity analysis.

a) Operating expenses

b) Capital structure

c) Changes in depreciation rates

d) None of the above

	24. 
	ESCOs will generally do the following:

a) Assessment of project

b) Installation and project management

c) Financing
d) All of the above



	25. 
	The investment options is more attractive if ROI

a) Higher

b) Lower

c) Zero

d) None of these

	26. 
	The IRR is having the following advantages except 

a) It takes into account time value of money

b) It considers the cash flow stream in its lifecycle

c) It distinguish between lending and borrowings

d) None of the above

	27. 
	CPM  is less useful for following projects 

a) Routine projects

b) Complex but routine projects

c) Non routine projects

d) None of the above


	28. 
	The energy used by any business varies with

a) Production Process    b) Volumes      c)  Input      d) All the above



	29. 
	An oil fired boiler operates at an excess air of 6 %. If the stochiometric air fuel ratio is 14 then for an oil consumption of 100 kg per hour then the flue gas liberated in kg/hr would be

a)2060  b) 1484 c) 100 d) 86

	30. 
	Which one has higher calorific value

a) Coal     b) LPG      c) Furnace Oil     d) HSD



	31. 
	The bar chart showing monthly energy consumption for current year and last year has the following disadvantage

a) It does not tell why energy consumption increased or decreased.

b) It does not tell what is the energy consumption level for a particular month.

c) It does not tell what was the energy consumption level for a particular month  during last year.

d) None of the above.

	32. 
	In Project Management the critical path in the network is 

a)  The longest path  b)  Shortest path  c)  Paths of Critical importance  d) Path from start to finish

	33. 
	A Unit requires 3,00,000 Kwh to produce 600 Tonne product.  The most likely specific Energy Consumption when it produces 800 Tonne product is

a)  500 Kwh / Tonne    b)  ( 500 Kwh / Tonne     c)  ( 500 Tonne / Kwh

d) ( 500 Kwh / Tonne



	34. 
	In a cumulative sum chart if the graph is going up, it means

a)  Energy consumption is going up  b)  Energy consumption is coming down  c)  Specific energy consumption is coming down  d)  No inference can be made

	35. 
	You can’t manage what you don’t ---------------

a) see     b) Measure       c) Discuss     d) Write



	36. 
	The prototype carbon fund has been established by 

a)  United Nations  b)  United States  c)  World Bank  d)  Japan

	37. 
	20 m3 of water is mixed with 30 m3 of another liquid with a specific gravity of 1.4 kg/litre. The mass of the mixture would be

a) 50 Kg b) 50 Tonnes c) 62 Tonnes d) 70 Tonnes

	38. 
	Ozone is destroyed when it absorbs Ultra Violet radiation with Wavelengths greater than

a) 240 nm       b) 290 nm      c) 320 nm       d) 100 nm 



	39. 
	Ozone Layer Thickness is measured in-----------------Unit

a)  Meter       b) Light Year       c)  Dobson      d) Faraday        

 

	40. 
	A contract in which the costs are paid from all or part of the savings  is called

a) Traditional contract  b) Extended financial terms  c) Guaranteed savings performance contract d) Extended technical guarantee



	41. 
	What is the % share of  CO2 in total GHG emissios?

a)  54%     b)  45%       c)    21%     d)  50%



	42. 
	The ratio of energy consumption to corresponding production is called

a)  The production ratio  b)  Energy ratio  c)  Specific Energy consumption  d)  Specific Production consumption

	43. 
	Which one is not a consequence of global warming?

a)  Rise in global  Temperature         b)  Rise in Sea level

c) Food Shortage and hunger             d)  Fall in global temperature


	44. 
	Which one is an objective of sustainable development?

a) Economic security & Prosperity   b) Social Development & Advancement

c) Environmental Sustainability       d) All the above



	45. 
	Air velocity in ducts are measured by 

a)  stroboscope  b)  pitot tube  c)  lux meter   d)  fyrite

	46. 
	Coal with 50 % ash is fired in a boiler. The daily coal consumption is 80 tonnes. The ash going out of the boiler would be

a) 40 Tonnes b) 3.2 Tonnes c) Nil d) 4.8 Tonnes

	47. 
	Sensitivity analysis is an assessment of

a) Cash flows b) Risks due to assumptions c) Capital investment d) Finance sourcing

	48. 
	An investment of Rs. 48,000 pays back in two years. The monthly savings would be

a) Rs.4000 b) Rs. 8000 c) Rs.9600 d) Rs.2,000

	49. 
	Slack time in an activity is a difference between 

a)  Earliest and latest short time  b)  Latest and earliest finish time  c)  Latest and earliest short time  d)  Earliest and latest finish time

	50. 
	The calorific value of coal is 4000 Kcals/kg.  Find out the oil equivalent of  100 Kgs of coal.  The calorific value of oil is 10000 Kcals/kg

a)  40 Kgs   b)  100 Kgs  c)  250 Kgs  d)  75 Kgs


Section - II: SHORT DESCRIPTIVE QUESTIONS                     Marks: 10 x 5 = 50

(i) Answer all Ten questions

(ii) Each question carries Five marks
	1
	Write a note on Kyoto Protocol

There is a scientific consensus that human activities are causing global warming that could result in significant impacts such as sea level rise, changes in weather patterns and adverse health effects.  As it became apparent that major nations such as the United States and Japan would not meet the voluntary stabilization target by 2000, Parties to the Convention decided in 1995 to enter into negotiations on a protocol to establish legally binding limitations or reductions in greenhouse gas emissions.   It was decided by the Parties that this round of negotiations would establish limitations only for the developed countries, including the former Communist countries (called annex A countries).



	2
	What is the simple pay back period in months and ROI from an investment of Rs.25 lakhs, which results in annual saving of Rs.12 lakhs and requires 2 lakhs yearly  expenditure

Simple payback period         =                    First cost

                                                     Yearly benefit – yearly costs  

                                             =          25

                                                      12 - 2

ROI  = 10 x 100 / 25  = 40%



	3
	What is normalization of data?

The energy use of facilities varies greatly, partly due to factors beyond the energy efficiency of the equipment and operations. These factors may include weather or certain operating characteristics. Normalizing is the process of removing the impact of various factors on energy use so that energy performance of facilities and operations can be compared.

In order to normalize: 

Determine key factors that need to be addressed to effectively compare facilities. Relevant factors are frequently organization-specific.

For industrial facilities common normalization factors include:

· Inputs 

· Product type 

· Output 

· Production processes

For commercial and institutional buildings, common normalization factors include:

· Climate zone 

· Facility size 

· Fuel choice 

· Price/cost of energy

· Actual weather history 

· Hours of operation 

· Occupancy levels

·  Special features



	4
	What is energy intensity and your inference from the terminology?

Energy intensity is energy consumption per unit of GDP.  The value does not directly reveal whether the country is energy efficient or not as the value may be higher if the major industries of a country are highly energy intensive like steel, cement, fertilizer and the value can be low if the economy of the country is driven by industries which are less energy intensive like tourism,  software etc



	5
	Mention the six steps involved in PERT planning and the advantages of PERT.

The six steps involved in PERT planning are

1. Identifing the specific activities and milestones

2. Determining the proper sequence of the activities

3. Constructing a network diagram

4. Estimating the time required for each activity

5. Determining the critical path

6. Updating the PERT chart as the project progresses 

PERT is useful because it provides the following information:

• Expected project completion time.

• Probability of completion before a specified date.

• The critical path activities that directly impact the completion time.

• The activities that have slack time and that can lend resources to critical path

activities.

• Activities start and end dates.



	6
	Matching energy usage to requirement can lead to energy conservation.  Explain with an example

Mismatch between equipment capacity and user requirement often leads to inefficiencies due to part load operations, wastages etc.  Worst case design, is a designer’s characteristic, while optimization is the energy manager’s mandate and many situations present themselves towards an exercise involving graceful matching of energy equipment capacity to end-use needs. An example of matching energy usage to requirement is elimination of throttling of a pump by impeller trimming.

	7
	What is ESCOs & explain performance contracts?

Energy Performance Contracting and Role of ESCOS:

ESCOs or Energy Service Companies  are usually companies  that provide a complete energy project service, from assessment to design to construction or installation, along with engineering and project management services, and financing.

Performance Contracting :
Performance contracting represents one of the ways to address several of the most frequently mentioned barriers to investment.  

The core of performance contracting is an agreement involving a comprehensive package of services provided by an ESCO, including:

· An energy efficiency opportunity analysis 

· Project development

· Engineering

· Financing

· Construction/Implementation

· Training

Monitoring and verification 

	8
	Calculate power loss  in a  1  (   supply having the following details.

Resistance of  line         = 0.01 ohm / mtr

Length of  supply         = 10 km

Supply voltage at sending end   =  230 V

Line Current                               = 10 A

Power factor                               = 0.80

Answer :

Length of  Supply                      =  10 km.

Resistance of  line                      = 0.01 ohm / mtr.

Total resistance of  lines      = 2 x 0.01 x 10 x 100

                                             =   20  Ω
Line current                   =  10A

Power factor                  =  0.80

Power loss          = (10)2 x 20 Watt

                            = 2  KW

	9
	A unit Consumes 1000 Kwh while manufacturing 150 MT products and 1250 Kwh while manufacturing 200 MT products.  Calculate the fixed energy consumption considering specific energy consumption of the unit remains same.

Total Energy Consumed = Fixed Energy Consumption + (Specific Energy

                                                   Consumption x Production)

Say,  Total energy consumed             = E

          Fixed energy consumptions     = C

          Specific energy consumption   = S

          Production                                 = P

Case 1

     Production - P1                          =  150 MT

     Total Energy Consumed – E1   = 1000 Kwh 

     Therefore E1                              =  C+Sx150

1000 =  C+S x 150----------------  (1)

Case 2

     Production – P2                              = 200 MT

     Total Energy Consumption – E2   = 1250 Kwh 

     The equavation will be – E2          = C+SxP2

                                          i.e. 1250 = C+Sx200-------------(2)  

    Solving equation       (1)  &  (2)

    Specific energy consumption, i.e.   S   = 5 Kwh / MT

    Fixed energy consumption, i.e.      C   = 250 Kwh       



	10
	A boiler uses FO to generate steam.  The FO consumption is 40  kg/hr and the total losses  in the boiler is 20%.  Calculate  the amount of steam generated per hour by considering 600 Kcal is required to generate 1 kg steam.  Consider GCV of  FO as 10200 Kcal/kg.

FO consumption rate                    = 40 kg/hr

GCV of  FO                                  = 10200 Kcal/kg

Total Input energy                        = 40 x 10200

                                                      = 408000 Kcal/hr

Total Loss @ 20%                       =  408000 x 0.20

                                                       = 81600 Kcal/hr

Total energy available to generate steam = 408000 x 0.80

                                                                = 326400 Kcal/hr

Total steam generated    =  326400

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

                                              600

                                     = 544 kg/hr


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

(i) Answer all Five questions

(ii) Each question carries Ten marks
	1
	Explain the green house effect and problem arising due to increase in green house gas emission.

Greenhouse Effect and the Carbon Cycle:

Life on earth is made possible by energy from the sun, which arrives mainly in the form of  visible  light.  About 30 percent of the sunlight is scattered back into space by outer atmosphere and the balance 70 percent reaches the earth’s surface, which   reflects it in form of infrared radiation.  The escape of slow moving infrared radiation is delayed by the green house gases.  A thicker blanket of greenhouse gases traps more infrared radiation and increase the earth’s temperature.

Greenhouse gases makeup only 1 percent of the atmosphere, but they act as a blanket around the earth, or like a glass roof of a greenhouse and keep the earth 30 degree warmer than it would be otherwise-without green house gases, earth would be too cold to live.  Human activities that are responsible for making the greenhouse layer thicker are emissions of carbon dioxide from the combustion of coal, oil and natural gas, by additional methane and nitrous oxide from farming activities and changes in land use, and by several man made gases that have a long life in the atmosphere.

The increase in greenhouse gases is happening at an alarming rate.  If greenhouse gases emissions continue to grow at current rates, it is almost certain that the atmospheric levels of carbon-dioxide will increase twice or thrice from pre-industrial levels during the 21st century.

Even a small increase in earth’s temperature will be accompanied by changes in climate-such as cloud cover, precipitation, wind patterns and duration of seasons.   In an already highly crowded and stressed earth, millions of people depend on weather patterns, such as monsoon rains, to continue as they have in the past.  Even minimum changes will be disruptive and difficult.

Carbon dioxide is responsible for 60 percent of the “enhanced greenhouse effect”.  Humans are burning coal, oil and natural gas at a rate that is much faster than the rate at which these fossil fuels were created.  This is releasing the carbon stored in the fuels into the atmosphere and upsetting the carbon cycle (a precise balanced system by which carbon is exchanged between then air, the oceans and land vegetation taking place over millions of years).  Currently, carbon-dioxide levels in the atmospheric are rising by over 10 percent every 20 years.



	2
	Why instruments are required for Energy Audit?  Please give brief details of six Energy Audit instruments.

The requirement for an energy audit such as identification and qualification of energy necessitates measurements.  These measurements require the use of instruments.  The key instruments used for Energy Audit is as given below:

Electrical Measuring Instruments :

These are instruments for measuring major electrical parameters such as kVA, KW, PF, Hertz, kVAr., Amps and Volts. 

Combustion Analyzer :

This instrument has in-built chemical cells which measure various gases such as O2 ,  CO2 ,  NOx  and   SOx.

Infrared Thermometer:

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

Pitot Tube and Manometer:

Air velocity in ducts can be measured using a pitot tube and inclined manometer for further calculation of flows.

Ultrasonic flow meter:

This non-contact flow measuring device using Doppler effect /Ultra sonic principle.  There is a transmitter and receiver which are positioned on opposite sides of the pipe.  The meter directly  gives the flow.

Leak Detectors:

Ultrasonic instruments are available which can be used to detect leaks of compressed air and other gases which are normally not possible to detect with human abilities.  



	3
	What is force field analysis? What are the steps involved in construction of force field analysis for installing a fluidized bed boiler in place of oil-fired boiler.

Force field analysis is a simple tool that can be used to gain additional insight about the change process to be pursued. Before creating the action plan, it can be a useful exercise to clarify the goal to be achieved, and to assess what barriers must be overcome and what influences exist in the organization that work towards the achievement of the goal. These barriers and influences can be thought of as negative and positive forces respectively.

The steps involved in force field analysis are:

State the organizational goal and indicate the direction (say, left to right) that signifies moving towards that goal:  for example, the goal might be “improve energy efficiency in the assembly plant” or “reduce energy consumption in the facility for current occupancy levels”.

Identify barriers that tend to work against the achievement of the goal: these may be internal to the organization (for example, a lack of expertise related to energy management) or external (for example, energy rate structures or government regulation).

Identify positive influences or forces that tend to work towards achievement of the goal; these may also be internal or external.

Estimate the relative strength of the negative and positive forces (for simplicity, we may want to identify them as low, medium and high strength).

Prioritize those forces that can be strengthened or weakened through your action plan with the greatest effect on achieving the goal (Tip: It is usually more effective to attempt to minimize negative forces than to try to strengthen forces that are already positive).

Goal: Installing a fluidized bed boiler in place of oil fired boiler


 Positive Forces

(Acting towards the achievement of the Goal)

Negative Forces

(Acting against the achievement of the Goal)

High Efficiency

Fuel flexibility and ability to burn low

Low grade fuel 

Reduction of pollution

Top Management commitment to energy conservation


Quick response to changing demand

Absence of corporate energy policy

Lack of awareness throughout company

Insufficient skills and knowledge available


Competing corporate priorities

Insufficient financial resources to fund measures

Force Field Analysis


	4
	A Company XYZ have two investment option

Option : A  Investment envisaged Rs.40 lakhs , annual return is Rs.8 lakhs, life of the project is 10 years, interest rate 10% . 

Option : B  Investment envisaged Rs.24 lakhs, annual return Rs.5 lakhs, life of the project is 8 years, interest rate is 10%.  Calculate IRR of both the option and suggest which option the company should select considering the risk is same for both the options.


Option-A

Option-B

Based on IRR, Option A has higher IRR and the company may opt for option A  

                                                                                   

	5
	How CDM Works?  What are Indian initiatives on CDM?

An investor from a developed country, can invest in a developing country that reduces greenhouse gas emissions so that they are lower than they would have been without the extra investment – i.e. compared to what would have happened without the CDM under a business as usual outcome.  The investor then gets credits –for the reductions and can use those credits to meet their Kyoto target.  If the CDM works perfectly it will not result in more or less emission reductions being achieved then were agreed under the Kyoto Protocol, it will simply change the location in which some of the reductions will happen.

For example, a French company needs to reduce its emissions as part of its contribution to meeting France’s emission reduction target under the Kyoto Protocol.  Instead of reducing emissions from its own activities in France, the company provides funding for the construction of a new biomass plant in India that would not have been able to go ahead without this investment.  This, they argue, prevents the construction of new fossil-fueled plants in India, or displaces consumption of electricity from existing ones, leading to a reduction in greenhouse gas emissions in India.  The French investor gets credit for those reductions and can use them to help meet their reduction target in France.

Government of India has been willing to fulfill its responsibility under the CDM.    It has developed an interim criterion for approval of CDM project activities, which is now available to stakeholders.  It has undertaken various capacity building activities like holding of workshops, initiation of various studies , and briefing meeting with the stakeholders.  India has been actively participating in the CDM regime and has already approved projects for further development.

Under CDM, projects such as energy efficient hydrocarbon refrigerators, modernization of small scale foundry units and renovation, modernization of thermal power stations etc. are being taken up. 


=   2 years 5months
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