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Energy Conservation and Management 
 Terms:-
Energy Management EM: - The EM is the practical science of techniques and dynamic processes of setting/objectives (tasks), planning, organizing, arranging material/ finance/ human and other required resources, executing, supervising monitoring, removing bottlenecks to achieve objectives and to set new objectives.

The energy management involves, planing, directing, and controlling the supply and consumption of energy to maximized productivity and comforts and to minimize the energy costs and to minimize the pollution, with consensus, judicious and effective use of energy.

  
3 steps of EM




Energy Audit





Energy Conservation Measures (ECMS)

                                                 Waste Recycling

Steps of Energy Management:-

1 Strategies.

2 Administrative actions.

3 Policy

4 Organizational charges.

5 Training and awareness programmes.

6 Association of working personnel’s.

7 Energy Audit.
8 Energy consecration measures,

9 Evaluation of the present energy consumption.

10 Implementation of  ECMs.

11 Monitoring of EC efforts.

EC: - It involves wastage of energy and adsorption of methods to conserve energy, without affecting productivity & comforts, more energy efficient processes should be replaced by less efficient processes.

Energy Conservation opportunities ECOs.

These are the avenues/ opportunities, which are open to implement energy conservation activities.
Energy Audit:-

It is an official scientific study/ survey of energy consumption of a region/ organization/ process/ plant/ equipment aimed at the reduction of energy consumption and energy costs, without affecting productivity and comforts and suggesting methods for energy conservation and reduction in energy costs.

Steps involved in energy management.

    1   Energy management as policy and commitment

    2    Management commitment

     3    Selection of the Energy Manager
               Responsibilities of Energy Manager:-
· Energy planning

· Energy consumption monitoring

· Planing energy conservation

· Implementing energy conservation measures

· Organization of HRD programmes

· Achieve EC objectives.

4 Formulation of supply strategies and energy conservation plans
5 Awareness and Involvement.
6 Introduce suggestions, schemes and award schemes.

7 Appoint or select energy Audit Team or consultants.

8 To obtain report on EC measures.

9 To obtain technical assistant report (TA-report)

           Instructions in TA report

a) EC measures
b) Do or Don’t

c) Operation and maintenance instructions.

d) Recommendation of a new technology.

10 Implementation of TA report and EC measures.

11 Implement E-optimized operation and maintenance practices.

12 Establish practice of monitoring energy consumption and effectiveness of ECM’s.

13 Recycling of scrap, waste material, etc.
14 To review and optimize new design of the plant and equipment and to allocate finds for retro fitting.

Energy strategies (planning)

Power sector (Electricity)


Supply side management
  Oil or Gas

  Coal
                                                                                                               Non commercial & renewable

Consumption/ demand side



                                                                                Industrial sector
                   Agricultural

                                                         Household (domestic) & commercial

                                                                                Transport

          Others

Supply side

    Power sector 
Electrical energy management


                                                 Generation of power- Thermal  

                                                                                                                                  (coal/gas, Hydro, Nuclear)

Transmission (AC, high voltage          interconnections, SCADA systems)
 


Utilization of energy (Plant, industry, managed by SCADA systems)


Fuel (Oil, natural gas, coal, fire-wood, chemicals etc)


Non commercial/ renewable energy

(a) Land biomass, solar, wind, geothermal, tidal etc.

(b)  human energy (labor) 

(c) Animal energy

Note: Non-Commercial is the wood.
SCADA; - Supervisory control & Data Acquisition system

Energy Management EM:-





                   Supply side EM


                                                        Power sector- generation, transmission, interconnection EM  & distribution, 

                                                 Nuclear power
                                                 Non-Conventional /Renewable Energy
                                                         

                                                 Oil & Gas  

                                                 Coal

Chemical Energy Sector (future) e.g . Batteries, hydrogen gas, fuel            cells, synthetic fuels.                   

Bio-energy sector (future) e.g. Ethanol, biodiesels, methanol
Demand Side EM



                                                Domestic 

                                                 Commercial
                                                         

                                                 Agricultural  

                                                 Industry

Defence                   


R & D organization



Others
Energy Planning for each Sector








Exploration/ Extraction/ Conversion
Processing/ by products/    Cleaning
Storage/ Transport/   Transmission

  Distribution/ Supply


                                                

  Organization Structure


    Listing of essential activities

                               Grouping of activities – whether it is related to space heating, power, fuel, etc.


Decision of responsibilities


Interfacing between the groups

Organization


Non- energy (They just consume energy & produce products)

Energy Intensive (which are using, as well as producing energy + products)

Non- Energy Organization Chart



          Operation & maintenance manager with additional 


           Responsibilities of EM


               Line Managers                      Delegation                   Interfacing


Energy Intensive Organization Chart








Audit team
   Testing Team       EC Measures
             Engg. &                     Monitoring 


Team
Documentation
Team


Team
Strategies Adopted by Indian Government for E.M
1 Apply Reforms to Energy & Power sectors, with de-control, privatization and the international help for raid growth.
2 Accelerate production and supply of energy though fast-track energy routes e.g. unbundling the potential in existing industries particularly those, which are generating their own power by improving plant load factor (PLF) and carrying out renovation and modernization; improve energy management system; accelerate fast- track liquid & gas fuel supply.

3 Increase the per capita energy consumption rural sector.

4  Improve efficiency and plant load factor (PLF) from the present 60% to 85% and reduce the transmission losses from 20-25% to 10-12%.
5 Encourage EC Measures and improve energy demand side management and recycling of the wastes.

6 Reduce the energy imports and achieve self-reliance in energy.

7 Encourage the use of non-conventional energies in industries and other sectors.

8 Encourage rural-electrification.

9 Encourage privatization in energy sector.

10 Reduce or minimize the pollution.

11 Encourage the forest development.

12 Encourage the conversion of Bio-waste to useful energy.

13 Encourage the R & D in energy sector for energy efficiency prospects and for finding alternatives for the future.
Terms:

Energy Management: EM: The EM is the practical science of techniques and dynamic processes of setting/objectives (task), planning, organizing, arranging materials/finance/human and other required resources, executing, supervising, monitoring, removing bottlenecks to achieve objectives and o set new objectives.

The energy management involves planning, directing, controlling the supply and consumption of energy to maximize the productivity and comforts and to minimize the energy costs, and to minimize the pollution, with consensus , judicious and effective use of energy. 

3 steps of EM:

1. Energy Audit

2. Energy Conservation Measures (ECMs)
3. Waste recycling 

Steps of Energy Management:

1. Strategies

2. Administrative actions

3. Policy

4. Organizational changes

5. Training and awareness program

6. Association of working personals

7. Energy Audit

8. Energy Conservation Measures

9. Evaluation of the present Energy Consumption

10. Implementation of ECMs.

11. Monitoring of EC efforts.

THE VALUE OF ENERGY MANAGEMENT

Business, industry and government organizations have all been under tremendous economic and environmental pressures in the last few years. Being economically competitive in the global marketplace and meeting increasing environmental standards to reduce air and water pollution have been the major driving factors in most of the recent operational cost and capital cost investment decisions for all organizations. Energy management has been an important tool to help organizations meet these critical objectives for their short term survival and long-term success. The problems that organizations face from both their individual and national perspectives include:

• Meeting more stringent environmental quality standards, primarily related to reducing global warming and reducing acid rain.

Energy management helps improve environmental quality. For example, the primary culprit in global warming is carbon dioxide, CO2. Equation 1.1, a balanced chemistry equation involving the combustion of methane (natural gas is mostly methane), shows that 2.75 pounds of carbon dioxide is produced for every pound of methane combusted. Thus, energy management, by reducing the combustion of methane can dramatically reduce the amount of carbon dioxide in the atmosphere and help reduce global warming. Commercial and industrial energy use accounts for about 45 percent of the carbon dioxide released from the burning of fossil fuels, and about 70 percent of the sulfur dioxide emissions from stationary sources.

CH4 + 2 O2 = CO2 + 2 H2O

(12 + 4*1) +2(2*16) = (12 + 2*16) + 2(2*1 +16) (1.1)

Thus, 16 pounds of methane produces 44 pounds of carbon dioxide; or 2.75 pounds of carbon dioxide is produced for each pound of methane burned. Energy management reduces the load on power plants as fewer kilowatt hours of electricity are needed. If a plant burns coal or fuel oil, then a significant amount of acid rain is produced from the sulphur dioxide emitted by the power plant. Acid rain problems then are reduced through energy management, as are NOx problems. Less energy consumption means less petroleum field development and subsequent on-site pollution.

Less energy consumption means less thermal pollution at power plants and less cooling water discharge. Reduced cooling requirements or more efficient satisfaction of those needs means less CFC usage and reduced ozone depletion in the stratosphere. The list could go on almost indefinitely, but the bottom line is that energy management helps improve environmental quality.
• Becoming—or continuing to be—economically competitive in the global marketplace, which requires reducing the cost of production or services, reducing industrial energy intensiveness, and meeting customer service needs for quality and delivery times.

Significant energy and dollar savings are available through energy management. Most facilities (manufacturing plants, schools, hospitals, office buildings, etc) can save according to the profile shown in Figure 1.1. Even more savings have been accomplished  by some programs.
· Low cost activities first year or two: 5 to 15%

· Moderate cost, significant effort, three to five years: 15 to 30%

· Long-term potential, higher cost, more engineering: 30 to 50%

Figure 1.1 Typical Savings through Energy Management
Thus, large savings can be accomplished often with high returns on investments and rapid paybacks. Energy management can make the difference between profit and loss and can establish real competitive enhancements for most companies. Energy management in the form of implementing new energy efficiency technologies, new materials and new manufacturing processes and the use of new technologies in equipment and materials for business and industry is also helping companies improve their productivity and increase their product or service quality. Often, the energy savings is not the main driving factor when companies decide to purchase new equipment, use new processes, and use new high-tech materials. However, the combination of increased productivity, increased quality, reduced environmental emissions, and reduced energy costs provides a powerful incentive for companies and organizations to implement these new technologies.

Total Quality Management (TQM) is another emphasis that many businesses and other organizations have developed over the last decade. TQM is an integrated approach to operating a facility, and energy cost control should be included in the overall TQM program. TQM is based on the principle that front-line employees should have the authority to make changes and other decisions at the lowest operating levels of a facility. If employees have energy management training, they can make informed decisions and recommendations about energy operating costs.

• Maintaining energy supplies that are:


    — Available without significant interruption, and



— Available at costs that do not fluctuate too rapidly.

SOME SUGGESTED PRINCIPLES OF ENERGY MANAGEMENT

If energy productivity is an important opportunity for the nation as a whole, it is a necessity for the individual company. It represents a real chance for creative management to reduce that component of product cost that has risen the most since 1973. Those who have taken advantage of these opportunities have done so because of the clear intent and commitment of the top executive. Once that commitment is understood, managers at all levels of the organization can and do respond seriously to the opportunities at hand. Without that leadership, the best designed energy management programs produce few results. In addition, we would like to suggest four basic principles which, if adopted, may expand the effectiveness of existing energy management programs or provide the starting

point of new efforts. The first of these is to control the costs of the energy function or service provided, but not the Btu of energy. As most operating people have noticed, energy is just a means of providing some service or benefit. With the possible exception of feed stocks for petrochemical production, energy is not consumed directly. It is always 
converted into some useful function. The existing data are not as complete as one would like, but they do indicate some surprises. In 1978, for instance, the aggregate industrial expenditure for energy was $55 billion. Thirty-five percent of that was spent for machine drive from electric motors, 29% for feedstocks, 27% for process heat, 7% for electrolytic functions, and 2% for space conditioning and light. As shown in Table 1.1, this is in blunt contrast to measuring these functions in Btu. Machine drive, for example, instead of 35% of the dollars, required only 12% of the Btu. In most organizations it will pay to be even more specific about the function provided. For instance, evaporation, distillation, drying, and reheat are all typical of the uses to which process heat is put. In some cases it has also been useful to break down the heat in terms of temperature so that the opportunities for matching the heat source to the work requirement can be utilized. In addition to energy costs, it is useful to measure the depreciation, maintenance, labor, and other operating costs involved in providing the conversion equipment necessary to deliver required services. These costs add as much as 50% to the fuel cost. It is the total cost of these functions that must be managed and controlled, not the Btu of energy. The large difference in cost of the various Btu of energy can make the commonly used Btu measure extremely misleading. In November 1979, the cost of 1 Btu of electricity was nine times that of 1 Btu of steam coal. Table 1.2 shows how these values and ratios compare in 2005.

[image: image1.png]Table 1.1 Industrial Energy Functions by Expenditure
and Btu, 1978

Dollar
Expenditure  Percentof  Percent of
Function  (billions)  Expenditure Total Btu
Machine drive 19 35 12
Feedstocks 16 29 35
Process steam 7 13 2
Direct heat 4 7 13
Indirect heat 4 7 13
Electrolysis 4 3
Space conditioning
and lighting 1 1 1

Total 55 100 100

Source: Technical Appendi, The Least-Cost Energy Strategy, Carnegie-Mel-
lon University Press, Pittsburgh, Pa, 1979, Tables 1.2.1 and 11.3.2.




One of the most desirable and least reliable skills for an energy manager is to predict the future cost of energy. To the extent that energy costs escalate in price beyond the rate of general inflation, investment pay backs will be shortened, but of course the reverse is also

true. A quick glance at Table 1.2 shows the inconsistency in overall energy price changes over this period in time. Even the popular conception that energy prices always go up was not true for this period, when normalized to constant dollars. This volatility in energy pricing may account for some business decisions that appear overly conservative in establishing rate of return or payback period hurdles.

Availabilities also differ and the cost of maintaining fuel flexibility can affect the cost of the product. And as shown before, the average annual price increase of natural gas has been almost three times that of electricity. Therefore, an energy management system that controls Btu per unit of product may completely miss the effect of the changing economics and availabilities of energy alternatives and the major differences in usability of each fuel. Controlling the total cost of energy functions is much more closely attuned to one of the principal interests of the executives of an organization — controlling costs.

NOTE: The recommendation to control energy dollars and not Btus does not always apply. For example, tracking building energy use per year for comparison to prior years is best done with Btus since doing so negates the effect of energy price volatility. Similarly, comparing the heating use of a commercial facility against an industry segment benchmark using cost alone can yield wild results if, for example, one building uses natural gas to heat while another uses electric resistance; this is another case where using Btus yields more meaningful results.

[image: image2.png]Table 1.2 Cost of Industrial Energy per Million Btu, 1979 and 2005

Fuel Cost (1979) | Cost(1979) | Cost(2005) | Pet Change
Adjusted to in 25 years
2004 Dollars (constant
1 dollars)
Industrial Coal | 1.11 2.32 1.78 <-23%>
Natural Gas 275 5.75 8.41 +46%
Residual Fuel | 2.95 6.17 8.74 +41%
Distillate Fuel | 4.51 9.65 10.82 +12%
Electricit 1031 21.58 17.57 <18%>
‘Approximated | Source: EIA
as 3% inflation | Annual Energy
peryearover | Outlook, 2004
25 years dollars per

million Btu





A second principle of energy management is to control energy functions as a product cost, not as a part of manufacturing or general overhead. It is surprising how many companies still lump all energy costs into one general or manufacturing overhead account without identifying those products with the highest energy function cost. In most cases, energy functions must become part of the standard cost system so that each function can be assessed as to its specific impact on the product cost. The minimum theoretical energy expenditure to produce a given product can usually be determined en route to establishing a standard energy cost for that product. The seconds of 25-hp motor drive, the minutes necessary in a 2200°F furnace to heat a steel part for fabrication, or the minutes of 5-V electricity needed to make an electrolytic separation, for example, can be determined as theoretical minimums and compared with the actual figures. As in all production cost functions, the minimum standard is often difficult to meet, but it can serve as an indicator of the size of the opportunity. In comparing actual values with minimum values, four possible approaches can be taken to reduce the variance, usually in this order:
· An hourly or daily control system can be installed to keep the function cost at the desired level.

· Fuel requirements can be switched to a cheaper and more available form.

· A change can be made to the process methodology to reduce the need for the function.

· New equipment can be installed to reduce the cost of the function.

The starting point for reducing costs should be in achieving the minimum cost possible with the present equipment and processes. Installing management control systems can indicate what the lowest possible energy use is in a well-controlled situation. It is only at that point when a change in process or equipment configuration should be considered. An equipment change prior to actually minimizing the expenditure under the present system may lead to oversizing new equipment or replacing equipment for unnecessary functions.

The third principle is to control and meter only the main energy functions—the roughly 20% that make up 80% of the costs. As Peter Drucker pointed out some time ago, a few functions usually account for a majority of the costs. It is important to focus controls on those that represent the meaningful costs and aggregate the remaining items in a general category. Many manufacturing plants in the United States have only one meter, that leading from the gas main or electric main into the plant from the outside source. Regardless of the reasonableness of the standard cost established, the inability to measure actual consumption against that standard will render such a system useless. Submetering the main functions can provide the information not only to measure but to control costs in a short time interval. The cost of metering and submetering is usually incidental to the potential for realizing significant cost improvements in the main energy functions of a production system.

The fourth principle is to put the major effort of an energy management program into installing controls and achieving results. It is common to find general knowledge about how large amounts of energy could be saved in a plant. The missing ingredient is the discipline necessary to achieve these potential savings. Each step in saving energy needs to be monitored frequently enough by the manager or first-line supervisor to see noticeable changes. Logging of important fuel usage or behavioral observations are almost always necessary before any particular savings results can be realized. Therefore, it is critical that an energy director or committee have the authority from the chief executive to install controls, not just advise line management. Those energy managers who have achieved the largest cost reductions actually install systems and controls; they do not just provide good advice.

As suggested earlier, the overall potential for increasing energy productivity and reducing the cost of energy services is substantial. The 20% or so improvement in industrial energy productivity since 1972 is just the beginning. To quote the energy director of a large chemical company: “Long-term results will be much greater.” Although no one knows exactly how much we can improve productivity in practice, the American Physical

Society indicated in their 1974 energy conservation study that it is theoretically possible to achieve an eightfold improvement of the 1972 energy/production ratio.9 Most certainly, we are a long way from an economic saturation of the opportunities (see, e.g., Ref. 10). The common argument that not much can be done after a 15 or 20% improvement has been realized ought to be dismissed as baseless. Energy productivity provides an expanding opportunity, not a last resort.
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