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Perform Achieve and Trade (PAT) scheme:
An innovative initiative to Enhance Industrial Energy Efficiency

Background:

Enhancing energy efficiency in industries in order to reduce carbon emissions and to
combat against the threats of climate change is a priority concern for India. The Perform
Achieve and Trade (PAT) scheme was formulated to achieve the objective of improving
energy efficiency in energy intensive industries of India. PAT scheme is one of the four
initiatives under the National Mission for Enhanced Energy Efficiency (NMEEE) which is
one of the eight national missions under National Action Plan on Climate Change
(NAPCC) released in 2008. The PAT scheme share a substantial part of the mitigation
responsibility envisaged under the Nationally Determined Contributions (NDCs)
committed to the United Nations Framework Convention on Climate Change
(UNFCCCQC).

PAT is a regulatory instrument to reduce specific energy consumption in energy
intensive industries, with an associated market based mechanism to enhance the cost
effectiveness through certification of excess energy saving which can be traded.

It has been observed in the recent years that, attempts are being made by energy
intensive industries to become more and more efficient through implementation of
energy efficiency projects. In order to provide more encouragement to these industries
and further accelerate the process of reduction in carbon emissions, PAT scheme has
been launched by the Government of India. The energy intensive industries including
the thermal power plants are the major players in this entire scheme of PAT. PAT is a
mechanism designed to achieve the emissions reduction in energy intensive industries
and revolves around the concept of reduction in Specific Energy Consumption (SEC). It
refers to the calculation of SEC in the baseline year and projected SEC in the target year
covering different forms of net energy going into the boundary of the designated
consumers’ plant and the products leaving it over a particular cycle.
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Genesis of the PAT mechanism comes from the provisions of the Energy Conservation
Act, 2001 which also empowers the Central Government to notify energy intensive
industries as listed out in the Schedule to the Act, as Designated Consumers (DCs). As
of now Ministry of Power (MoP), based on the recommendations of Bureau of Energy
Efficiency (BEE) notified industrial units and other establishments having annual energy
consumption more than the threshold in eleven industrial sectors viz. Aluminum,
Cement, Chlor- Alkali, Fertilizer, Iron & Steel, Paper & Pulp, Thermal Power Plant,
Textile, Railways, Refineries and DISCOMs as Designated Consumers (DCs).

Setting of Energy Consumption Norms and Standards:

BEE had conducted sector specific studies to do the situational analysis. The studies
showed that there is a wide bandwidth of SEC within an industrial sector that indicated
large energy-savings potential in the sector. The wide bandwidth is also a reflection of
the differences in the energy-saving possibilities amongst plants because of their
varying vintage, production capacity, raw material quality, and product-mix. Such a wide
variation also makes it difficult to specify a single benchmark SEC for the sector as a
whole. Older plants will find the benchmark impossibly high if it is set at the level of
newer plants, newer plants will find it trivial if it is set at the level of older plants. The
broad bandwidth of SEC within a sector, and the inability of all plants to achieve a
sectoral benchmark SEC, suggests that SEC improvement norms had to be set for
individual plants. These SEC improvement targets are based on the trend of energy
consumption and energy-savings potential of the plants. In general, the higher the
energy efficiency (or the lower the SEC), the lower the energy-savings potential. Thus, it
became evident that it is not feasible to define a single norm/standard unless there is
significant homogeneity amongst units in a sector. Therefore under PAT, the energy
efficiency improvement targets fixed are “unit specific’. Each DC is mandated to reduce
its SEC by a certain value, based on its current SEC (or baseline SEC) within the
sectoral bandwidth.

BEE has carried out background work to enable designing of a transparent, flexible,
efficient and robust system for the PAT mechanism. In compliance with the directions of
the Prime Minister’'s Council on Climate Change, BEE consulted all the key
stakeholders like Designated Consumers, Energy Auditors/ Managers, Industry
Associations, Academics, etc. and solicited comments while framing the complete
mechanism of PAT Scheme.

The target reduction for each DC is based on the prevailing levels of energy efficiency,
so that energy efficient units will have low target of percentage reduction, as compared
to less energy efficient units which will have higher targets. Each DC is given a
mandatory target of SEC reduction with a time period of three years from the date of
notification by the Central Government. DCs which are able to achieve SEC level that
are lower than their targets can receive Energy Savings Certificates (ESCerts) for their
excess savings. On the other hand, the DCs which fail to achieve the given targets either
through their own actions or through purchase of ESCerts are liable to financial penalty
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under the Energy Conservation Act, 2001.

The ESCerts are to be traded at two power exchanges that is Indian Energy Exchange
(IEX) and Power Exchange India Limited (PXIL) or bought by other units under PAT who
can use them to meet their compliance requirements.

Monitoring and Verification under PAT Scheme:

Arobust Monitoring and Verification (M&V) process is one of the keyfeatures of the PAT
Scheme. M&V of DCs who have been notified under PAT Scheme is a process to verify
the SEC and other related parameters through verifiable means in the baseline year and
in the assessment year by empaneled accredited energy auditing firms. BEE empanels
accredited energy auditors (AEAs) especially for conducting and M&V of the DCs.

PAT Cycle-1(2012-12to 2014-15):

PAT cycle — | started from 1st April 2012 and in its first cycle, itwas envisaged to
reduce the SEC of 478 industrial units in 8 sectors (Table 2) viz. Aluminum,
Cement, Chlor- Alkali, Fertilizer, Iron & Steel, Paper & Pulp, Thermal Power Plant
and Textile. Energy saving targets were given to these 478 Designated Consumers
(DCs). The overall SEC reduction targets aimed to secure an energy saving of
6.686 million tonne of oil equivalent. PAT Cycle | was completed on 31st March,
2015. The energy savings achieved in PAT Cycle —l is 8.67 MTOE which is an over
achievement of about 30 percent against the target of 6.686 MTOE. This energy
saving also translates into avoiding about 31 million tonne of CO2 emission

PAT Cycle —11 (2016-17 to 2018-19):

In order to include new sectors and to identify new DCs under PAT Scheme,
“Deepening study” —identifying new DCs in existing sectors and “Widening study”
—including new sectors of PAT, was respectively carried out before the
commencement of the second cycle. Deepening study resulted into identification
of 89 DCs from the existing sectors of PAT. Widening study resulted into notification
of three new sectors namely Refineries, Railways and DISCOMs under PAT
scheme. PAT in its second cycle (2016-17 to 2018-19)seeks to achieve an overall
energy consumption reduction of 8.869 MTOE for which energy reduction targets
have been assigned and notified to DCs in these11 sectors (eight existing sectors
and three new sectors). This energy saving will translate into avoiding about more
than 31 million tonne of Carbon dioxide. PAT Cycle || commenced from 1st April,
2016 covering 621 DCs from 11 sectors which include eight existing sectors and
three new sectors viz. Railways, Refineries and DISCOMs.

PAT Cycle-I11(2017-18 to 2019-20)

The Parliamentary Standing Committee on Energy, Executive Committee on
Climate Change under Prime Minister’s Office (PMO) and Group of Secretaries
recommended to include DCs annually for accelerated coverage of DCs under
PAT. Consequently, PAT scheme is being implemented on a rolling cycle basis
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where new DCs/sectors will be included every year. In view of this PAT cycle —ll|
has started from 1st April, 2017. PAT Scheme in its third cycle seeks to achieve and
overall energy consumption reduction of 1.06 MTOE for which SEC reduction
targets have been assigned to 116 Designated Consumers from six sectors viz.
Thermal Power Plant, Cement, Aluminum, Pulp & Paper, Iron & Steel and Textile.
The energy consumption of these DCs is 35.00 MTOE.

PAT Beyond Cycle -li:

As PAT scheme is now being implemented on a rolling cycle basis, i.e. new DCs will
be notified every year. In the future cycles of the PAT scheme, it is envisaged that
new sectors will be included such as Commercial Buildings, Petrochemicals and
other sectors as listed in the Schedule of the Energy Conservation Act, 2001.

Salient features of PAT Scheme:

1.

PAT scheme is a blend of regulatory mechanism embedded with market
component as the Designated Consumer upon complying to mandatory SEC
reduction targets, their excess energy saving is incentivized to enable trading
in a market.

The SEC reduction targets are unit specific so that units are competing
against theirown benchmark.

The national/sectoral energy saving targets are assigned based on their level
of energy consumption.

The saving targets are relatively assigned based on their level of efficiencies
i.e. unit which is more efficient gets lesser target compared to the one that is
relatively inefficient recognizing the fact that the already efficient one would
have lesser room for furtherimprovement in efficiency.

This employs a robust M&V procedure where achievements of each DC is
verified with utmost detail through an independent third party agency and
thereafter again the reports get scrutinized at various State and Central
Government levels before arriving at conclusion of their performance.
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Vineeta Kanwal

“BEE’s financing initiatives — pioneering new markets”

The National Mission for Enhanced Energy Efficiency (NMEEE) is a key
component of the National Action Plan on Climate Change (NAPCC), under
which Ministry of Power and BEE have launched the initiatives of Framework for
Energy Efficient Economic Development (FEEED) and Energy Efficiency
Financing Platform (EEFP). BEE has been implementing programmes like
Perform, Achieve & Trade (PAT) scheme, ECBC, Standards and Labeling and
various Demand side management programmes through which a lot of push has
been given in growth of energy efficiency market in India and in last three years
energy saving of 116 BU has been achieved from such activities. It has been
estimated that there is investment potential of more than Rs. 1.5 lakh crore in
energy efficiency sector.

Under FEEED, BEE has constituted two funds i.e. Partial Risk Guarantee Fund
for Energy Efficiency (PRGFEE) & Venture Capital Fund for Energy Efficiency
(VCFEE) for bridging the gap between demand and supply of capital investment
in energy efficiency projects.PRGFEE is a risk sharing mechanism to provide
financial institutions (banks and NBFCs) with a partial coverage of risk involved in
extending loans for energy efficiency projects. PRGFEE rules have been notified
by Ministry of Power in May 2016. The guarantee will not exceed Rs. 10 crore per
project or 50% of loan amount, whichever is less. BEE has appointed a
consortium of RECPDCL-REC-EESL as Implementing Agency (lA) for
opertionalizaton of PRGFEE in July 2015. Till today, Andhra Bank, Yes Bank,
IDFC Bank and Tata Cleantech Capital Ltd. have been empanelled by BEE.
Operations Manual for operationalization of PRGFEE is already in place.

Venture Capital Fund for Energy Efficiency is a fund to provide equity capital for
energy efficiency projects. A single investment by the fund shall not exceed Rs. 2
crore. The Fund shall provide last mile equity support to specific energy efficiency
projects, limited to a maximum of 15% of total equity required, through Special
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Purpose Vehicles or Rs. 2 crore, whichever is less. Sectors covered under
VCFEE are government buildings, private buildings and municipalities.
Government of India has notified VCFEE Rules on 31st March 2017. MoP has
constituted Board of Trustees for VCFEE. The VCFEE trust was registered on 7th
July 2015 for operationalizing the VCFEE.

Energy Efficiency Financing Platform (EEFP) is one of the important initiatives
under NMEEE with the objective to provide a platform to interact with financial
institutions and project developers for implementation of Energy Efficiency
projects. Under this initiative BEE has signed MoUs with Financial institutions
and other organizations for promotion of EE financing. In 2015, BEE had
launched a Training programme on EE financing, and till date trained more than
120 trainers and individual credit/project financing officials in scheduled
commercial banks and NBFCs.
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LEAD AN ENERGY-EFFICIENT LIFESTYLE

Today the focus in the energy theme is on being more efficientin how we
use electricity, gas and oil. The utility costs avoided by using energy efficient
products, turning off lights and computers when not in use, making use of
natural light whenever possible, or keeping room temperatures at bare
essential or optimum level is astounding. The major appliances in our home
— Air conditioners, refrigerators, geysers, washing machines —account for a
big chunk of our monthly utility bill. And if the AC or refrigerator or washing
machine is more than a decade old, we are spending a lot more on energy
than we need to.

Energy efficient appliances don’t just save our money; they’re good for
the environment. The less energy we all use, the lower our demand on
power plants, which means less pollution. The trick is to figure out which
models use the least energy. Here are some guidelines:-

Look for the Star labeled products: Energy Star models are the most
energy efficient in the prescribed product category where the energy
efficiency minimums are set by Bureau of Energy Efficiency (BEE). We must
remember only one rule when we shop —to look for the Energy Star label.

Get the right size: Make sure the product we’re buying suits our needs.
Oversized air conditioners, water heaters and refrigerators waste energy
and money; in many cases they also do not perform as well.

Think long term: Many of the most energy-efficient appliances cost
more initially, but they will definitely save money in the long run. Expect to
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keep most major appliances between 10 and 20 years. A more efficient
appliance soon pays for itself; lower monthly utility bills over the lifetime of
the appliance will more than offset a higher purchase price. In addition, the
latest energy-efficient washing machines and dishwashers not only save
electricity; they also use a lot less water and can reduce our water bill.

Maintain it properly: Win the war against wasteful energy consumption
by adhering to routine maintenance of the appliance. For example, ensure
that rubber door seals of refrigerator are clean and airtight

Energy-Saving Purchasing Tips:

Refrigerator: Generally, the larger the refrigerator, the greater the
energy consumption. Therefore, we should look for the correct size to suit
our purpose. At the same time, we should remember that one large
refrigerator will use less energy than two smaller ones with the same total
volume or a smaller fridge plus a separate freezer.

Washing Machine: Look for a washing machine with adjustable water
levels. This gives us the option of using less water to wash small loads.

Room air conditioner: The most efficient room air conditioners have
higher-efficiency compressors, fan motors and heat-transfer surfaces than
previous models. A high-efficiency unit reduces energy consumption by 20
to 50 percent. Replacing a 10-year-old model with an Energy Star model
can cut energy bills to a great extent. We must remember that the biggest
unit isn’t always the best choice, especially for small areas. A smaller unit
running for a long period of time operates more efficiently and is more
effective in decreasing humidity level than a larger unit that goes on and off
frequently. ACs having automatic temperature cut off saves energy to a
great extent.

Television: For most products, the Energy Star label is your assurance
that the product will operate more efficiently than a standard model. But
Energy Star TVs earn the label primarily because they draw only a small
amount of power when not in use — regardless of the amount of power they
consume when operating. When buying electronics, we should look for the
Energy Star label. Also, we must understand that LCD or LED televisions
and monitors draw less power than CRT or plasma screens. Turn off or even

ﬂ
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unplug your televisions when not in use. Televisions draw power constantly
for the instant-on functionality.

Other appliances/installations: Inkjet printers tend to be more energy-
efficientthan laser printers.

Use of LED bulbs and tube lights save about 70% or more of electricity
for the same lighting levels done by traditional incandescent light bulbs.
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Sameer Pandita

Power Generation using Incineration of Municipal Waste
to Meet Peak Power Demand of a City

(Case Analysis)
Abstract

Incineration is a disposal method in which solid organic wastes are subjected to
combustion so as to convert them into residue and gaseous products. This
method is useful for disposal of residue of both solid waste management and
solid residue from waste water management .This process reduces the volumes
of solid waste to 20 to 30 percent of the original volume. Incineration and other
high temperature waste treatment systems are sometimes described as "thermal
treatment". Incinerators convert waste materials into heat, gas, steam and ash.

Incineration is carried out both on a small scale by individuals and on a large scale
by industry. It is used to dispose of solid, liquid and gaseous waste. It is
recognized as a practical method of disposing of certain hazardous waste
materials (such as biological medical waste). Incineration is a controversial
method of waste disposal, due to issues such as emission of gaseous pollutants.

Incineration is common in countries where land is scarce, as these facilities
generally do not require as much area as landfills. Waste-to-energy (WtE) or
energy-from-waste (EfW) are broad terms for facilities that burn waste in a
furnace or boiler to generate heat, steam or electricity. Combustion in an
incinerator is not always perfect and there have been concerns about pollutants
in gaseous emissions from incinerator stacks.

Generation of Electrical Energy from Municipal Solid Waste (MSW) is acomplex
process since the waste has to undergo various unit processes before it is put in
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to the process of energy production. The modeling must also be capable of
providing information on important issues like economic, environmental factors.
In the existing scenario when each city is generating such humungous amounts
of solid waste, it becomes imperative for the policy makers to know how they can
make best use of this waste for the benefit of the society at large like for
generation of power to meet the shortage of power demand during the peak
hours.

Mayor of a city has been at his wits’ end on how to dispose off the city’s ever
growing mountain of garbage. Rising population and growing affluence have
raised the daily outpouring of refuse to more than 1000tonnes per day, while
simultaneously pushing up the cost of land to astronomical levels. The result:
state has run out of land for landfills, and none of the neighboring states intends to
surrender any to meet its needs due to their own commitments. The only
municipality in the city has two incinerators for burning trash. Incinerator A costs
Rs 3.80 per ton of trash to operate, and has a capacity of 28 tons per day while the
incinerator B costs Rs 4.25 per ton to operate, and has a capacity of 30 tons per
day. Since the city generates over 100 tons of trash per day, and all trash cannot
be burned in the incinerators, the only other option is to burn this waste at the
landfill at a cost of Rs 5.00 per ton . The city mayor wants to minimize costs by
burning as much trash as possible.

Throughout the world, moreover, countries are closing incineration plants owing
to the hazard they pose to human health. The threats come from particulate
emissions that greatly exacerbate lung diseases from bronchitis and asthma to
emphysema and lung cancer, and from dioxins and furans in addition to the usual
nitrogen and sulphur oxide gases in the flue gas. Residents of the city have
already become inured to dust, smoke, diesel fumes, as well as lead and nitrous
oxide poisoning, this may sound like just one more addition to the long list of risks
they face in their daily lives. But dioxins belong to another level of threat
altogether. The word is a generic term for more than a hundred long lasting
chemicals that are produced by burning municipal and medical waste and by a
few industrial processes. Dioxins are insoluble in water and when they settle on
land and water bodies, they are absorbed in their entirety by terrestrial and
aquatic vegetation. They travel up the food chain into animals and fish that feed
on plants and thence into humans. Since living organisms cannot metabolize
them, they are found in very high concentrations in meat, fish, milk and eggs. In
human beings, a prolonged exposure to dioxins — through a ‘rich diet’ — impairs
the functioning of the liver and the immune and reproductive systems, and raises
the incidence of cancer. In sum, dioxins shorten our lifespan. Men have no way of
expelling them. Women can, but only by passing them to foetuses in their wombs
or breast-feeding their babies.
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Regulations ,limit production of pollutants from burning in the incinerators to 180
Kg of hydrocarbons and 640 Kg of particulates a day . Incinerator Aproduces 3 Kg
of hydrocarbons and 20 Kg of particulates for every ton of trash burned, and
incinerator B produces 5 Kgs of hydrocarbons and 10 Kgs of particulates for
every ton of trash . Determine the optimum amount of trash to burn in each
incinerator.

Methodology

We utilize Linear programming to model the above problem and subsequently we
utilize simplex method to obtain optimal solutions to the problem. Linear
programming (LP, or linear optimization) is a mathematical method for
determining a way to achieve the best outcome (such as maximum profit or
lowest cost) in a given mathematical model for some list of requirements
represented as linear relationships. Linear programming is a specific case of
mathematical programming (mathematical optimization).

More formally, linear programming is a technique for the optimization of a linear
objective function, subject to linear equality and linear inequality constraints. Its
feasible region is a convex polyhedron, which is a set defined as the intersection
of finitely many half spaces, each of which is defined by a linear inequality. Its
objective function is a real-valued affine function defined on this polyhedron. A
linear programming algorithm finds a point in the polyhedron where this function
has the smallest (or largest) value if such a point exists.

Linear programs are problems that can be expressed in canonical form:
maximize c'x

subject to Ax <b

and x>0

where x represents the vector of variables (to be determined), c and b are vectors
of (known) coefficients, A is a (known) matrix of coefficients, and is the matrix
transpose. The expression to be maximized or minimized is called the objective
function (cTx in this case). The inequalities Ax < b and x = 0 are the constraints
which specify a convex polytope over which the objective function is to be
optimized. In this context, two vectors are comparable when they have the same
dimensions. If every entry in the first is less-than or equal-to the corresponding
entry in the second then we can say the first vector is less-than or equal-to the
second vector.

Linear programming can be applied tovarious fields of study. It is used in business
and economics, but can also be utilized for some engineering problems.

=]
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Industries that use linear programming models include transportation, energy,
telecommunications, and manufacturing. It has proved useful in modeling
diverse types of problems in planning, routing, scheduling, assignment, and
design.

Standard form is the usual and most intuitive form of describing a linear
programming problem. It consists of the following three parts:

Alinear function to be maximized

eg. f(xy1,x2) = 111 + Ca15

Problem constraints of the following form

eg. ay1 Iy + apry; < by

ax i + apr; < b
az X1+ azgry < by

Non-negative variables

e.g. Il Z U

IQZU

The above LP problem is then solved to obtain an optimal solution using the
simplex method which involves the following steps

Add slack variables to change the constraints into equations and write all
variables to the left of the equal sign and constants to the right.

Write the objective function with all nonzero terms to the left of the equal sign
and zero to the right. The variable to be maximized must be positive.

Set up the initial simplex tableau by creating an augmented matrix from the
equations, placing the equation for the objective function last.

Determine a pivot element and use matrix row operations to convert the
column containing the pivot elementinto a unit column.

If negative elements still exist in the bottom row, repeat Step 4. If all elements
in the bottom row are positive, the process has been completed.

When the final matrix has been obtained, determine the final basic solution.
This will give the maximum value for the objective function and the values of
the variables where this maximum occurs.
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Solution:
Let X, =number of tons burned in incinerator A per day

X, =number of tons burned in incinerator B per day
Objective Function: Maximize Z=1.2X,+0.75 X,
Subjectto Constraints: 1) X,<28

i) X, <3,

i) 20X,+10X, <640

iv) 3X,+5X,<180

For solving the above Linear Programming problem Simplex Method has been
utilized .For the purpose of iterations commonly available online software
available at has been utilized. Same can be accessed at the following link:

http://www.mathstools.com/section/main/simplex_online_calculator

( 3\
Cost vector
c0 cl
1.2 0.75
: < ( )
Constraints matrix f Signs b
x0 x1 Sign x0
3 5 = 180
20 10 = 640
1 0 = 28
0 1 = 30
\. J\ J\ J

The coefficients of the objective function and the constraints are entered into the
software as indicated above before the software is given a command to initiate
iterations.
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ﬂ

Iteration -2

Iteration -3 (Optimal Solution)

So an optimal solution is reached at the end of the fourth iteration, here Z-C>0
with X,=24,X,=0,X,=0,X,=8,X5=6

Z=1.2*20+.75"24=Rs 42

Now we try to find out the solution of the above problem graphically by utilizing
software available http://www.zweigmedia.com/utilities/lpg/index.html|?
lang=en.First the objective function and the constraints are fed directly into the
window below and then we obtain the Maximum value for the objective function

as Z=42 . At the time of entering values of the variables in the software we assign
X,=X, X1=y.

Optimal finite solution found

Xb0 Cb1 Basis2 x0 x1 x2 x3 x4 x5
8 0 x4 0 0 17 -1/14 (1 ) 0
24 3/4 x1 0 1 2(7 -3/70 0 0
20 6/5 x0 1 0 -1/7 1/14 0 0
6 0 x5 0 0 -2/7 3/70 0 1
Zj-g-> 0 0 3/70 3/56 0 0
N
Waiting for next Iteration
Xb0 Cb1 Basis2 x0 x1 x2 x3 x4 x5
180 0 x2 3 5 1 0 0 0
640 0 x3 20 10 0 1 0 0
28 0 X0 (1 ) 0 0 0 1 0
30 0 X5 0 1 0 0 0 1
zji-g-> 6/5 -3/4 0 0 0 0
\ J
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Enter the linesr programming problem here:

* Maximize
Minimi

Show only the region defined by the Hllowing contrzints:

z=1.2x+ 0.75y subject to the constraints:

x<=28

y<=30
3x+5y<=180

[LP Examples | [Graphing Examples] [Soclve
Rounding: 4 dacimal places Fraction Mode

Erase Everything
The solution will appear below.

Vertex Lines through vertex Value of objective A
® (28, 8) * =18 30.6
® (28, 0) = 336
® (20, 24) 42 M=
® 1 ) 345

(0, 30) 22
@ i 0 s

40

Xmin: 0 Xmax: 28
Ymin: 0 Ymax: 40
Gridlines X: 3.8 Y5

Graph | Show vertex coordinates ¥

Taking into consideration the huge amount of waste that is generated in the city
.The Mayor is decided to utilize the waste heat generated out of the incinerators
to generate electricity for town

He then decided to go implement waste heat recovery systems on the two
available incinerators However, he is advised by his scientific advisor about the
latest plasma technology for incineration of Municipal waste which is more
efficient than the conventional incineration technology even though it is
expensive compared to the conventional incinerator technology. The mayor
decides and orders conversion of one of the smaller incinerators of 28 tonne/day
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to an equivalent plasma based incinerators which has an electricity generating
potential of 533 kWh/ tonne of waste compared to 500 kWh/ tonne of the
conventional incinerator. The plasma incinerator in a day (24 hrs. of daily
operation) generates @ 13MW/tonne from the municipal waste as compared to
that of a conventional incinerator which generates @ 12 MW/tonne. The only
reason behind having this plant in place is to generate sufficient power to meet
the peak energy demand of the city. The feasibility of the project and its replication
will depend upon the total maximum power that can be generated using the two
incinerators. The coefficients of emission from plasma incinerator are assumed
to be the same even as they will decrease significantly.

As before let X, =number of tons burned in incinerator Aper day
X, =number oftons burned in incinerator B per day
Objective Function: Maximize Z=13X, + 12X,
Subjecttoconstraints: i) X,<28
i) X,<30
i) 15X,+10X, <640
iv) 3X,+5X,<180
For solving the above Linear Programming

problem Simplex Method has been utilized. For the purpose of iterations
commonly available online software available at has been utilized. Same can be
accessed at the following link :

http://www.mathstools.com/section/ main/simplex_online_calculator.
The coefficients of the objective function and the constraints are entered into the
software as indicated above before the software is given a command to initiate
iterations:

Cost vector \
c0 = C1
13 12
\ J
Constraints matrix \( Signs f b \
x0 x1 Sign x0
! 0 < 28
B 1 = 30
-1 10 = 640
3 5 = 180
\ J\ J\ J
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| Iteration - 1
A :
Waiting for next Iteration
Xb0 Cb1 Basis2 x0 x1 x2 x3 x4 x5 X6 x7 x3 xS
28 1 X0 0 1 0 0 0 1 0 0 0
30 -1 x7 0 1 0 1 0 0 0 1 0 0
640 -1 x3 20 10 0 0 -1 0 0 0 1 0
180 -1 xS 3 5 0 0 0 1 0 0 0 1
j-g-> -24 -16 -1 -1 1 ol 0 0 0 0
L
Iteration - 2
[ Waiting for next Iteration
Xb0 Cb1 Basis2 X1 x1 x2 x3 x4 x5 X6 x7 X3 xS
28 0 x0 1 0 1 0 0 0 1 0 0 0
30 -1 x7 0 1 0 1 0 0 0 1 0 0
80 -1 x1 0 10 -20 0 -1 0 -20 0 1 0
96 -1 xS 0 3 3 0 0 1 -3 0 0 1
z-c-> 0 -16 23 -1 1 -1 24 0 0 0
\
Iteration - 3
Waiting for next Iteration
Xb0o Cb1 Basis2 x0 x1 x2 x3 x4 x5 X6 x7 x8 x9
28 0 x0 1 0 1 0 0 0 1 0 0 0
22 -1 X7 0 0 2 1 1/10 0 2 1 -1/10 0
3 0 x1 0 1 =, 0 -1f10 0 2 0 1/10 0
56 -1 x2 0 0 0 1/2 1 7 0 -1/2 1
Zjg-> 0 0 -9 -1 3/5 -1 -8 0 8/5 0
Iteration -4
Waiting for next Iteration
Xb0 Cb1 Basis2 x0 x1 x2 x3 x4 s X6 x7 x8 x9
20 0 %0 1 0 0 0 -1/14 -1/7 0 0 1/14 -1/7
6 1 x3 0 0 0 3 27 0 1 30 27
24 0 x1 0 1 0 0 3/70 2(7 0 0 -3/70 2(7
8 0 x2 0 0 1 0 1/14 1/7 1 0 114 17
zZjig-> 0 0 0 -1 3/70 2/7 1 0 &7/70 a/7
Iteration - 5
Waiting for next Iteration
Xb0o Cb1 Basis2 x0 x1 x2 X3 x4 X5 X6 X7 X3 X9
20 0 X0 1 0 0 0 -1/14 17 0 0 1/14 -1j7
6 0 X3 0 0 0 370 27 0 1 30 27
24 0 x1 0 1 0 0 3/70 2/7 0 0 -3/70 2(7
3 0 x2 0 0 1 0 1/14 1/7 1 0 1/14 1/7
Zj-Cj-> 0 0 0 0 0 0 1 1 1 1
! 5
-
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Iteration - 6

Waiting for next Iteration

Xb0 ¥ Cbi Basis2 x0 x1 x2 x3 x4 x5
20 13 x0 1 0 0 0 -1/14 -1/7
6 0 x3 ] 0 0 1 -3/70 -2(7
24 12 x1 0 1 0 0 3/70 27
3 0 x4 0 0 1 0 @ 17
Zj-g-> 0 0 0 0 -28/70 11/7

Optimal finite solution found

Xb0

Basis2

x0 x1 x2 x3 x4 x5
28 13 x0 1 0 1 0 0 0
54/5 0 x3 0 0 3/5 1 0 -1/5
96/5 12 x1 0 1 -3/5 0 0 1/5
112 0 x4 0 0 14 0 (1 ) 2
zi-cj-> 0 0 29/5 0 0 12j5

So an optimal solution is reached at the end of the seventh iteration, here
Z-C,0 with X,=28,X,=96/5,X,=54/5,X,=112 Z=13*28+12*96/5= 594.5 MW upon
(24 hrs of operation) .

Solving this graphically
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Enter the linear programming problem here:
9’ Maximiz
-a.- . £ o= 13x+12y subject to the constraints:
Minimize

Show only the region defined by the following contraints:

LP Examples | | Graphing Examples \ | Solve |

Rounding: 4 decimal places Fraction Mode

\ Erase Everything |

The solution will appear below.

Vertex Lines through vertex Value of objective
)
x=28 S04 4 \1
® (28,192 _— 594 4 Maximum
‘ / 3x+3y = 180
=2
x =128 .
® (23.0) 0 364
(=5 ) =0
A
v =30
@ (10.30) P 4280
e 3x+35y = 180
y =30 B
® (0.30 - 360
(0, _n
x=0
0 o x=0
U) ~

0.0 (24.0)
g 114 1 8 ::‘.:" 3 4 )<
y =30 y=-15x+64
— Vv = —06x+36 x =28
Xmin: 0 Xmax: 38
Ymin: 0 Ymax: 40
Gridlines X: 3.8 Y: 5

| Graph | Show vertex coordinates |V

The Graphical solution corroborates the one that is obtained using the simplex
method .However since the incinerators will be generating only to meet demand
of peak power which occurs for about 3 hours a day. The two incinerators would
meet about 75 MW of peak demand.
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Conclusion:

Modern day cities generate a lot of waste both organic and inorganic and the heat
generated by incinerating this Municipal waste can act as an important source of
power generation. All these Distributed incinerators can be synchronized to the
grid to meet not only the peak power demand in these cities while also saving
precious land resources from being converted into dumping grounds or landfills
for this waste. Linear programming can act as a powerful tool in determining the
refurbishment of the capacities of the existing incinerators in order to convert
them into small power houses to meet the power requirement, thereby
supplementing the renewable and the existing conventional sources of energy in
an environmentally benign and sustainable manner.
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