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Regulatory Rationalization: Exemption to Waste to Energy 

Plants from DSM and Commercial Implication of UI  
 

 

Background: 

 

• Waste to energy projects (municipal solid waste or agro-waste based), though 

renewable energy, are being set-up in larger public and environmental interest 

primarily to process and dispose waste in line with objectives of Swacch Bharat Mission, 

avoid open burning of waste, and avoidance of local and global pollutants. 

 

• Wind and solar resources are harnessed to maximize renewable energy generation. 

Wind and solar sources are considered intermittent in nature as they are not available 

24/7. i.e., available only certain time of day and have been treated differently from a policy 

and regulatory perspective when compared to conventional power (coal, gas based). The 

differential consideration for solar and wind includes exemption from conventional 

Deviation Settlement Methodology (DSM).  The DSM, broadly mandates that a plant is 

liable for commercial implications if it does not generate electricity as per predicted 

schedule. 

 

• Waste, unlike wind/solar, is not time dependent but based on fuel which is 

available 24/7. Electricity regulators on this ground have consider energy generated 

from waste to energy plants as firm and kept such plants under conventional DSM 

mechanism without considering variability aspects in the fuel and impact on generation. 

From a regulatory perspective it is expected that waste to energy plants can predict 

generation, schedule their generation, and generate as per schedule. 

 

• Even though the waste is available 24/7, the quality of fuel is not predictable and 

incomparable with coal/gas. Consequently power generation from waste is inherently 

prone to variations. 

 

• Presently, waste to energy plants, even though only 10 – 15 MW in capacity and operating 

on heterogenous and unpredictable fuel (waste) are being treated like large scale 

conventional thermal plants that operate on near homogenous and predictable fuel 

(coal/gas) under DSM.  

 

• Waste to energy plants are being subjected to the same penalties for deviations in 

scheduled electricity generation vs. actual electricity generation as applicable to 

conventional power plants Such penalties are not only creating operational and 

commercial issues for existing projects and are a threat to development of future 

waste to energy projects. 

 

• The waste to energy plants may kindly be exempted from the conventional DSM 

mechanism and from UI penalties/charges as deviations in generation of electricity 

are a manifestation of the inherent heterogenous and variable nature of waste which 

is not in control of developer. 
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1. Power Generation and UI/DSM 

• Power generation from conventional plants is regulated in interest of providing 

stable and efficient supply of electricity into grid. 

• CERC introduced the Availability Based Tariff or “ABT” mechanism in 2000 to 
promote, inter-alia, grid stability and efficiency of generation considering the 

operations of large-scale conventional power plants. ABT, as applicable to 

conventional power plants allows such plants to recover a Capacity Charge (for its 
availability), Energy Charge (for its fuel cost) and required to pay UI charge for 

deviations (difference between scheduled and actual generation) 

• Under provisions of UI/DSM generators need to declare/schedule (in 15 min time-

block intervals) the predicted energy generation and consumers (DISCOMs etc) 

need to declare their energy consumption on a day-ahead basis.  

• UI/DSM is a commercial mechanism that imposes penalty & incentives for 

deviations from schedules (under/over injection of electricity into grid by 

generators or under/over drawl by consumers) to achieve stable grid operations. 

 

2. RE Power and UI/DSM 

• Wind and solar energy have been kept outside of the conventional UI/DSM 

mechanism considering intermittency of power generation.  

• Waste to energy plants, being small scale and with different operational context 

(waste processing vs. electricity generation) from conventional power plants are 

being treated unfairly as far as UI/DSM and recovery of fixed costs:  

o While, on one hand waste based plants are being subjected to the same 

UI/DSM charges for deviation from scheduled energy vs. actual generation 

as large conventional power plants, on the other hand, while conventional 

power plants are able to recover a % of their fixed cost at various levels of “Availability” no such provision is made available to waste energy plants in 
their specific context i.e., recovery of fixed cost for waste processed even if 

energy schedule is lower than the schedulable availability.  

For example, if a waste to energy plant with a waste processing capacity 

of 1000 TPD and electricity generation installed capacity of 15 MWh 

processes and disposes 1000 tons of waste on a day, i.e., 100% of waste 
processing capacity, but is able to schedule say only 7.5 MWh (due to poor 
quality of waste), i.e, 50% of installed capacity of electricity generation for 

the day,  it leads to a situation where there is under-recovery of fixed cost 

while it is also subjected to UI charges for difference between schedule and 

generation.  

 

Tariff (fixed cost + variable cost) for waste to energy plants is determined 

on basis of normative schedule of say around 80% PLF on basis of 

electricity. If the plant achieves a PLF of say 60% of schedulable capacity 

but processes 100% of the waste, it would have incurred 100% of fixed cost 

but recovered only 60% of it. This is an unfair approach in context of waste to energy. “Capacity” in context of waste to energy therefore has to be seen in terms of “waste processed” as well. 



3 | P a g e  

 

 
• Consequently, while waste to energy plants are kept under ABT and are subjected to 

conventional UI/DSM mechanism, presently do not have an equitable process to account 

for variations from the normative values as available for even conventional power plants 

as available in MYT regulations. This amounts to unjust and unfair treatment of WTE 

plants that are being subjected to the same UI/DSM treatment but do not have any process 

/ methodology defined to fairly recover costs being incurred. 

 

Comparison of Regulatory Consideration for Conventional vs. WTE 

  Conventional WTE 

Availability Based Compensation Yes No 

Adjustment of Variable Charges Allowed Yes No 

Adjustment of Uncontrollable Factors Allowed Yes No 

Process of adjustment/true-up annually Yes No 

UI Charges for Deviation 

Standard 

UI/DSM 

Standard 

UI/DSM 

 

 

3. Variability in Waste to Energy 

 

• Solid waste to energy plants (agro-waste, municipal solid waste, RDF based) are designed 

and built with the perspective of processing and disposing various types of waste to 

prevent its open burning/decay. As such, waste to energy plants are mandated to 

process the waste irrespective of the input or waste quality.  

 

• Agro-waste and Municipal Solid Waste are both forms of “Solid Waste” defined 
under Solid Waste Management Rules 2016:  

 
"solid waste" means and includes solid or semi-solid domestic waste, 
sanitary waste, commercial waste, institutional waste, catering and market 
waste and other non residential wastes, street sweepings, silt removed or 
collected from the surface drains, horticulture waste, agriculture and 

dairy waste, treated bio-medical waste excluding industrial waste, bio-
medical waste and e-waste, battery waste, radio-active waste generated…” 

 

• The SWM Rules 2016 also mandate blending of RDF in existing industrial units 

using fuel: 

 

18. Duties of the industrial units located within one hundred km from the 
refused derived fuel and waste to energy plants based on solid waste- All 
industrial units using fuel and located within one hundred km from a solid 
waste based refused derived fuel plant shall make arrangements within six 
months from the date of notification of these rules to replace at least five 

percent of their fuel requirement by refused derived fuel so produced” 
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• Agro-waste is not uniform and varying – there are multiple types of agro-waste 

and each with its peculiarities – size, moisture, ash, inert etc. No single type of 

biomass is available around the year. Therefore a blend of different types of agro-

waste and other waste is often fed which makes it heterogeneous as well. Hon’ble 
GERC appointed TERI to undertake biomass availability and pricing in Gujarat and 

the report submitted by TERI to GERC outlines the harvesting season of various 

types of crops in Gujarat which underscores the fact that no single type of biomass 

is available throughout the year. 

   

 
Table Source: Almanac of the major crops in Gujarat from TERI report on biomass 

availability in Gujarat dated 09.02.2018 

• Since multiple types of biomass/waste must necessarily be used, the heterogeneity 

increases exponentially and the ability to predict quality of fuel decreases 

proportionately. As such effects of interaction of different types of fuels during 

combustion is highly predictable and it manifests itself in variations in steam generation 

and power generation. 

 

• Heterogeneity, is therefore manifested not just because of type of waste, but in 

variations in a combination of:  

a. Availability of waste 

b. Type of waste 

c. Size/shape of waste 

d. Bulk density 

e. Moisture content 

f. Chloride content 

g. Salt content 

h. Inert/Sand/Silica 

i. Type of ash during combustion 

j. Calorific value 

k. Loss of calorific value during storage (decay) 
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Table: Agro-Waste & Municipal Solid Waste: Heterogenous, Variable, Unpredictable 

Sr. 

No 

Parameter Agro-Waste Municipal Solid Waste 

1 Type Solid waste Solid waste 

2 Source Multiple unorganized farm 

sources + other rural 

waste  

Multiple households, commercial 

establishments, gardens 

 

3 Composition Varying composition 

 
(varying composition of 

different types of residues – 
no single type is uniformly 
available around the year. 

RDF also being mixed to 
comply with SWM Rules 

2016)  

 

Varying composition 

 
(varying composition of food, paper, 
plastic, metal, rags, inert) 

4 Characteristics Heterogenous mix Heterogenous mix 

5 Bulk Density 

(Kg/M3) 

10 to 200 kg/m3 10 – 400 kg/m3 

6 Moisture (%) 10%– 30% 25% – 45% 

7 Calorific Value 

(Kcal/kg) 

2300 - 3800 1200 – 2200 

 

Example of Typical Generation and Variation 

 

The graph below is a typical generation graph across 96 time-blocks in a day of a waste to 

energy plant operating on heterogenous waste mix:  

 

• Scheduled energy: 9 MWh  • Low generation in day: 1 MWh 

• Average generation: 7 MWh • Variation with respect to peak/low: 90% 

• Peak generation in day: 9.2 MWh • Variation within one hour: 85% (peak 8.2 

MWh, low of 1.2 MWh) 
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• There is a continuous variation in generation in every 15-min block.  

 

• The plant processed and disposed 100% of the requisite quantum of waste with the 

expectation to generate 9 MWh, however, due to variable nature of the fuel and 

consequential impacts, the average generation was only 7 MWh.  

 

• The plant had to incur UI/DSM charges for the 2 MWh difference in schedule vs. 

generation (under-injection). Note that variability would have been manifested regardless 

of what the schedule was as generation would still not be predictable. 

 

4. Scheduling of Power & Cost Recovery 

 

• In the present regulatory context, recovery of both fixed cost and variable cost for waste 

to energy plants is linked to the scheduled energy (predicted energy generation) only. 

This is in stark contrast to the cost recovery consideration of conventional power plants 

where fixed cost is recovered regardless of whether energy is scheduled or not. 

 

• It becomes a necessary burden on the waste to energy plant to schedule as per the 

normative parameters considered by the regulators regardless of the waste quality. This 

leads to a situation where there are uncontrollable deviations and UI charges. These get 

construed as gaming and subject to further penal provisions.  

 

• If the waste to energy plants do not schedule to the full capacity, it would not be able to 

recover its fixed cost it is incurring to process and dispose the waste which is the 

primary purpose of such plants. Electricity generation is incidental to the primary 

objective. 

 

• Recovery of costs that is linked to schedulable capacity of the waste to energy plant is 

not only inequitable compared to conventional power plants but is also not congruent 

with the operational context and purpose of the waste to energy plants. 

 

 

5. Forum of Indian Regulators Recommendation 

 

• The Forum of Indian Regulators (“FOIR”), a body constituted under Section 166 of the Electricity Act, 2003 has observed in its report titled “Recommendations regarding 
implementation of ABT in Intra-State Systems” that the ABT mechanism is not an 

appropriate or practical mechanism for the waste to energy power projects which have 

unpredictable power supply capabilities. The relevant extract of the said report of the 

FOIR is extracted hereinbelow for ease of reference: - 

 

“24. A.B.T. is basically meant for large power plants whose capacity is assigned 

to one or more beneficiaries on a 24 - hour, long-term basis. It presumes that the plant 

operator is able to declare the plant availability on day-ahead basis, and is then able to 

supply power as per the schedule advised by his beneficiaries. As such, A.B.T. is not an 

appropriate/practicable mechanism for captive/co-generation, or for non-

conventional sources of energy (wind, solar, biomass, mini-hydel,etc.), which are 

mostly unpredictable regarding their power supply capability. For example, 
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payment of capacity charge in A.B.T. is dependent on MW availability declaration. If a 

figure cannot be committed for the whole of the next day, capacity charge itself cannot 

be determined. Further, the actual generation could vary widely, from the given 

schedule (e.g. due to changes in wind speed), and a plant could run up huge UI 

liability.”  

 

 

6. Government of Delhi & DERC Decision 

 

• Delhi has highest number of WTE plants in country.  

• DERC, in compliance with directions from Ministry of Power and Government of 

Delhi, has exempted existing and new plants from ABT considering the 

operational challenges.  

Relevant extract from DERC Order dated 21.01.2019 is as under: 

 
The Commission has examined the issue pertaining to various charges under open 

access and relaxation of the Deviation Settlement Mechanism for intra state 

scheduling purposes of waste to energy pursuant to Ministry of Power meeting dated 

15.11.2018 & Department of Power, GoNCT of Delhi meeting dated 07.01.2019 and 

considers it appropriate that the purpose of Waste to energy is to dispose off the 

waste and divert from dump with the objective of protecting environment. Such 

plants would also aid the objectives of Swachh Bharat Mission 
 
 “For generation projects based on Waste to Energy sources in the National Capital 
Territory of Delhi shall be exempted from following:-  
……………………………… 
(ii) Any commercial/financial implication in case of deviation from the scheduled 
power under Deviation Settlement Mechanism from the date of the commissioning 
of the project and the actual generation shall be treated as scheduled generation; “ 

While Delhi has exempted waste to energy plants from DSM/UI, such consideration 

has not been uniformly applied to the sector and across various States / CERC / 

SERC.  

 

7. Request 

 

1) Immediate: Exemption from Commercial Implication of Deviations / UI 

Charges  

 

o Waste to energy (municipal solid waste, RDF, agro-waste) may kindly be 

immediately exempted from the conventional DSM mechanism and applicability 

of UI charges/penalties.  

 

2) Equitable Methodology for Fixed Cost Recovery: 

• An equitable methodology to be evolved such that the fixed cost of the waste to 

energy plants is recovered with respect to the processing and disposal of waste 

and independent of the electricity generated or scheduled.  



8 | P a g e  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ANNEXURES 
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Annexure – Government Focus, Industry Response and Impact 

- 



 

 

(a)  1990–2000 - The 1990s marked the beginning of the biomass sector in India. 

The sector was promoted by the Government during this period in the backdrop 

of the crippling energy crisis and the widening gap between the demand of 

electricity and its supply. The emphasis during this period was on resource 

utilization at sugar mills i.e. co-generation from bagasse with an aim to become 

energy self-reliant. As a result, bagasse-based cogeneration became the de-facto 

reference for biomass-based power generation from a regulatory standpoint.  

(b) 2000- 2014: During this period, many other selective mono-fuel based biomass 

plants, such as those based on rice husk or ground nut shell were set up. The 

development of such biomass-based plants was part of a greater push by the 

Government to address climate change. The context of such plants become the 

basis for key regulatory considerations applicable to the biomass sector in 

general. However, the limited utilization of waste by biomass-based power plants, 

led to the issue of open burning of agricultural wastes generated in rural and 

urban areas. Such open burning of the waste undermined the efforts to control air 

pollution and mitigate greenhouse gas emissions.  

 It is crucial to note that many currently prevailing regulatory considerations 

for biomass/waste to energy plants were framed by CERC and SERCs during 

this period. i.e. in context where biomass-based plants were using selective 

mono-fuel). 

 

(c)  2014 onwards: Marked a paradigm shift in the context of the biomass-based 

power generation sector. With the launch of the Swachch Bharat Mission in 2014, 

the focus has been on the processing and disposal of all waste in larger 

environmental and public health interest. Consequently, waste based plants 

are being revived and set-up the overarching objective of ensuring processing 

and disposal of waste with electricity generation as a by-product. Waste 

based power plants are being set-up for processing and disposing a mix of waste 

regardless of the quality of waste. The waste being processed now, is inherently 

variable and heterogenous and the variability of waste has a consequential impact 

on the technical and commercial parameters of plant operations. 

 

Solid waste to energy plants (biomass, municipal solid waste, RDF based) 

are being operated in line with the Government mandate of ensuring 

processing and disposing various types of waste to prevent its open 

burning/decay. Thus, there is a need consider contextually relevant 

regulatory amendments and policy provisions to support agro-waste 

plants as well.  
 

 

 

 

 

 



 

 

Annexure - Operational Mode and Challenges of Waste to Energy 

Plants 
 

1) Different types of waste have different burning properties and therefore when they 

are fed in mixed together overall combustion process keeps varying. This is purely on 

account size, bulk density, moisture presence and heat value available in each 

biomass. This throws challenges in maintaining stable load in boiler. For stable load 

in boiler along with other parameters, furnace temperature and furnace draft 

required to be stable within range. For these one need to have control fuel feeding 

with desire quantity of heat in it and with correct quantity air injection etc. 

  

2) Boiler generates steam which gets expanded into steam turbine. Steam turbine 

rotates alternator and alternator generate electricity at grid frequency so that power 

evacuation can take place. There are three parameters of steam on which 

performance of steam turbine is directly linked. These are steam pressure, steam 

temperature and steam qty. Any variation in these three-parameters of steam leads 

to variation in power generation. 

 

3) For steam turbine operator it is important that all power generation takes place at 

grid frequency otherwise entire power block will go on home load and no power 

evacuation can take place. Thus injecting power in grid with grid frequency is most 

important .Thus plant operator need to keep varying power generation based grid 

frequency. Generally for 50 Hz alternator must rotate at 1500 rpm (revolution per 

minutes). 

 

4) If steam quantity and pressure/temperature into steam turbine keep changing, then 

for same power generation level same speed at alternator cannot be maintained since 

it varies frequency of power. If frequency of power generation does not match with 

grid frequency, then plant go in home load with drastic throw of load and with 

multiple cascading negative impact on plant. Thus, only option left with steam turbine 

operator is to reduce power generation and keep matching grid power frequency. 

 

5) To evacuate scheduled power, boiler need to supply adequate quantity of steam with 

desire quality to steam turbine. This is real challenge for entire operating team 

 

6) Boiler combustion performance is linked with furnace temperature and draft, 

quantity of biomass feed with desire quality.  

 

7) Quality refer to size of fuel, bulk density of fuel, moisture presence in fuel, flowability 

of fuel, heat value content in fuel, Chemical composition of fuel both organic and 

inorganic etc. Boiler operator cannot control too many variables on real time basis 

therefore his dependency goes on fuel burning profile and preparation of fuel. 

 

8) Since the burning profile of various types of waste varies and when they are fed in 

mixed then resultant real time burning profile need to monitor with quantity of air, 

furnace draft, emission limits etc. This make boiler unstable. Apart from this effect of 



 

 

moisture & size of mixed fuel have negative impact on overall combustion of biomass 

into boiler. 

 

9) In case of single source of waste, for example quality of cotton stalk coming from 

different fields varies on account of quality of water used for irrigation , use of agro 

chemical/pesticides and time elapsed between harvesting and feeding into boiler. In 

nutshell combustion different waste keeps throwing continuous challenges than 

using prepared high Gross Calorific Value coal. 

 

10) In coal power plant quality and quantity of coal is predictable before its usage 

.Moreover it has higher bulk density and have better grindability index thus one can 

even prepare powder like fuel before feeding into power boiler .This gives more 

certainty on combustion performance into boiler and therefore predictable 

generation of steam in quantity and with desire quality Thus one can increase and or 

decrease fuel feed with use of artificial intelligence system to maintain constant 

power generation from steam turbine .In nutshell in coal based power plant steam 

turbine take feedback from grid and draw steam from boiler  for desire power 

generation the boiler keeps drawing coal fuel based on need of steam and so on. This is known as “turbine follow mode” This is totally reversed while running waste based 

power plant where the turbine adjusts the power depending on the available steam 

from the boiler rather than demanding more steam from the boiler. Since the generation of steam is dependent on the fuel, the biomass plant operates in a “fuel follow” or “boiler follow mode”  
 

11) Due to blending of different types waste, the interaction of such fuel also creates 

issues in being able to control appropriate temperatures. The ash fusion temperature 

of a blend of waste is not predictable. Due to this high fouling tendency of ash even at 

lower temperatures on boiler heat transfer area leads to frequency stoppages and 

cleaning. Between two cleaning cycles there is a gradual loss in heat transfer 

efficiency of boiler leads to inherent variation in boiler performance. 

 

 



 

 

No. F.9 (164)/DERC/DS/2015-16/C.F 5110 

 

Sub: Exemption of various charges under open access and relaxation of the 

Deviation Settlement Mechanism for intra state scheduling purposes of 

waste to energy Projects. 

 

ORDER 

(Date of Order: - 21.01.2019) 

1. The Commission has examined the issue pertaining to various charges 

under open access and relaxation of the Deviation Settlement 

Mechanism for intra state scheduling purposes of waste to energy 

pursuant to Ministry of Power meeting dated 15.11.2018 & Department of 

Power, GoNCT of Delhi meeting dated 07.01.2019 and considers it 

appropriate that the purpose of Waste to energy is to dispose off the 

waste and divert from dump with the objective of protecting 

environment. Such plants would also aid the objectives of Swachh Bharat 

Mission as well as Namami Gange Mission through conversion of waste to 

energy.  Moreover the quantum of waste to energy generated is minimal 

and has extremely limited operational precedence. Therefore, the 

Commission in exercise of powers vested under section 86 of the Electricity 

Act 2003 (36 of 2003) and all powers enabling it in that behalf, has 

decided as follows:-  

“For generation projects based on Waste to Energy sources in the 

National Capital Territory of Delhi shall be exempted from following:- 

(i) Wheeling Charges, Transmission Charges, Regulatory Asset 

Surcharge, Pension Trust Surcharge and Cross Subsidy Surcharge on 

sale of electricity within NCT of Delhi under Open Access 

Regulations; 

(ii)  Any commercial/financial implication in case of deviation from the 

scheduled power under Deviation Settlement Mechanism from the 

date of the commissioning of the project and the actual generation 

shall be treated as scheduled generation; 

 

 

 

 

 

DELHI ELECTRICITY REGULATORY COMMISSION 
Viniyamak Bhawan, C-Block, Shivalik, Malviya Nagar, New Delhi-110 017. 

parth.d
Highlight

parth.d
Highlight



Provided that the above exemptions shall be applicable for the 

useful life of the existing and future projects commissioned or Power 

Purchase Agreement signed on or before 31st March, 2022: 

Provided further that the existing waste to energy projects having 

entered into a Power Purchase Agreement for sale of electricity with the 

distribution licensee at a tariff determined under section 62 or adopted 

under section 63 of the Act by the Commission shall not be eligible for 

availing the benefit under open access for availing cross subsidy 

surcharge and other charges as mentioned above in case of premature 

termination of the Power Purchase Agreement with a view to avail the 

benefits of exemption of cross subsidy surcharges etc.” 

2. Ordered Accordingly. 

   Sd/- 

(Justice S S Chauhan)  

Chairperson 
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To,  

Hon’ble Joint Secretary, 

Ministry of New and Renewable Energy 

 

7th September, 2020 

 

Respected Sir, 
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❄❅ ❆ ❇ ✥ ❈ ★ ❉ ✪ ✦ ❊ ❋ ❋ ● ❍ ✪ ■ ■ ✪ ❏ ❏ ■ ❑ ❋ ✥ ✦ ❉ ❍ ★ ❏ ✦ ✥ ✫ ★ ✧ ❉ ● ✧ ✥ ▲ ▲ ❊ ● ● ❊ ✥ ▼ ★ ◆ ✥ ▼ ✥ ✦ ❇ ★ ❋ ✥ ✦ ★ ❖ P ● ❉✩ ✪ ✦ ✧ ❍ ◗ ❘ ◗ P ❄ ❙ ▼ ✧ ✪ ● ★ ❚ ✧ ✥ ▲ ▲ ❊ ● ● ❊ ✥ ▼ ❊ ▼ ❯ ✥ ❋ ❉ ❍ ★ ❱ ✦ ✥ ✫ ★ ✧ ❉ ❊ ● ◆ ★ ■ ✪ ❑ ★ ◆ ❇ ★ ❑ ✥ ▼ ◆ ❖ P ● ❉❲ ❳ ❨ ❩ ❬ ❭ ❪ ❭ ❫ ❴ ❵ ❛ ❜ ❝ ❞ ❡ ❬ ❳ ❢ ❢ ❣ ❳ ❤ ✐ ❬ ❥ ✐ ❳ ❨ ❦ ❧ ❧ ❳ ❡ ♠ ❥ ✐ ❥ ❨ ♥ ❦ ♦ ❥ ♠ ♣ ❤ q r ♦ s ♣ ❢ ❥ ❵ t ✉ ✈ ❧ r ❨✩ ✇ ① ❱ ✦ ✥ ✫ ★ ✧ ❉ ● ★ ❋ ❋ ★ ✧ ❉ ❊ ❈ ★ ✥ ▼ ❉ ❍ ★ ◆ ✪ ❉ ★ ✥ ❋ ✧ ✥ ▲ ▲ ❊ ● ● ❊ ✥ ▼ ❊ ▼ ❯ ✥ ❋ ✩ ✇ ① ❏ ✥ ② ★ ✦ ❏ ✦ ✥ ✫ ★ ✧ ❉✥ ✦ ✪ ❇ ✥ ❈ ★ ▲ ★ ▼ ❉ ❊ ✥ ▼ ★ ◆ ❉ ✪ ✦ ❊ ❋ ❋ ❚ ② ❍ ❊ ✧ ❍ ★ ❈ ★ ✦ ❊ ● ■ ✥ ② ★ ✦ ③ ❄✭ ✜ ✖ ✮ ✚ ✯ ✛ ✙ ✰ ④❅ ❙ ▼ ❈ ❊ ★ ② ✥ ❋ ❉ ❍ ★ ✪ ❇ ✥ ❈ ★ ✥ ❇ ● ★ ✦ ❈ ✪ ❉ ❊ ✥ ▼ ● ❚ ② ★ ◆ ★ ✧ ❊ ◆ ★ ❉ ❍ ✪ ❉ ❉ ❍ ★ ⑤ ✥ ▼ ❉ ✦ ✥ ■ ❱ ★ ✦ ❊ ✥ ◆● ❏ ★ ✧ ❊ ❋ ❊ ★ ◆ ❊ ▼ ❉ ❍ ★ ❏ ✪ ✦ ✪ ◗ ❄ ⑥ ❄ P ✥ ❋ ⑦ ✦ ◆ ★ ✦ ⑧ ✥ ❄ ❘ ⑥ ✥ ❋ ◗ ❘ P ⑨ ◆ ✪ ❉ ★ ◆ P ❘ ❄ P P ❄ ◗ ❘ P ⑨ ❊ ● ❉ ✥ ❇ ★✧ ✥ ▼ ● ❊ ◆ ★ ✦ ★ ◆ ✪ ● ❋ ✦ ✥ ▲ ❉ ❍ ★ ◆ ✪ ❉ ★ ✥ ❋ ❉ ❍ ★ ⑦ ✦ ◆ ★ ✦ ❊ ❄ ★ ❄ P ❘ ❄ P P ❄ ◗ ❘ P ⑨ ❉ ✥ ❖ P ❄ ❖ ❄ ◗ ❘ ◗ P ❄ ❅
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✭ ✜ ✖ ✮ ✚ ✯ ✛ ✙ ✰ ➆❄❅ ❙ ▼ ✧ ✪ ● ★ ❉ ❍ ★ ❱ ✥ ② ★ ✦ ❱ ✦ ✥ ◆ ✬ ✧ ★ ✦ ● ✪ ❈ ✪ ❊ ■ ● ✪ ▼ ❑ ❇ ★ ▼ ★ ❋ ❊ ❉ ● ➇ ● ✬ ❏ ❏ ✥ ✦ ❉ ➇ ✪ ● ● ❊ ● ❉ ✪ ▼ ✧ ★ ❋ ✦ ✥ ▲⑤ ★ ▼ ❉ ✦ ✪ ■ ➈ ✥ ❈ ★ ✦ ▼ ▲ ★ ▼ ❉ ➇ ✇ ❉ ✪ ❉ ★ ➈ ✥ ❈ ★ ✦ ▼ ▲ ★ ▼ ❉ ➇ ➉ ➊ ➊ ➇ ➉ ➋ ➌ ➇ ✩ ✬ ▼ ❊ ✧ ❊ ❏ ✪ ■ ⑤ ✥ ✦ ❏ ✥ ✦ ✪ ❉ ❊ ✥ ▼➇ ✪ ▼ ❑ ✥ ❉ ❍ ★ ✦ ✪ ❯ ★ ▼ ✧ ❑ ✪ ❉ ✪ ▼ ❑ ❉ ❊ ▲ ★ ◆ ✬ ✦ ❊ ▼ ❯ ❉ ❍ ★ ❉ ★ ✦ ▲ ✥ ❋ ❉ ❍ ❊ ● ✪ ❯ ✦ ★ ★ ▲ ★ ▼ ❉ ❚ ❉ ❍ ★ ● ✪ ▲ ★● ❍ ✪ ■ ■ ❇ ★ ❏ ✪ ● ● ★ ◆ ✥ ▼ ❉ ✥ ➈ ➉ ➍ ⑧ ➋ ❄ ③ ❺✭ ✜ ✖ ✮ ✚ ✯ ✛ ✙ ✰ ✱ ✱❅ ❙ ❋ ✪ ▼ ❑ ❇ ★ ▼ ★ ❋ ❊ ❉ ➇ ● ✬ ❏ ❏ ✥ ✦ ❉ ➇ ✪ ● ● ❊ ● ❉ ✪ ▼ ✧ ★ ❊ ● ✦ ★ ✧ ★ ❊ ❈ ★ ◆ ❇ ❑ ❉ ❍ ★ ❏ ✦ ✥ ✫ ★ ✧ ❉ ◆ ★ ❈ ★ ■ ✥ ❏ ★ ✦ ❋ ✦ ✥ ▲⑤ ★ ▼ ❉ ✦ ✪ ■ ➈ ✥ ❈ ★ ✦ ▼ ▲ ★ ▼ ❉ ➇ ✇ ❉ ✪ ❉ ★ ➈ ✥ ❈ ★ ✦ ▼ ▲ ★ ▼ ❉ ➇ ➉ ➋ ➌ ➇ ➉ ➊ ➊ ➇ ✩ ✬ ▼ ❊ ✧ ❊ ❏ ✪ ■⑤ ✥ ✦ ❏ ✥ ✦ ✪ ❉ ❊ ✥ ▼ ● ➇ ✪ ▼ ❑ ✥ ❉ ❍ ★ ✦ ✪ ❯ ★ ▼ ✧ ❑ ❚ ❉ ❍ ★ ● ✪ ▲ ★ ● ❍ ✪ ■ ■ ❇ ★ ❏ ✪ ● ● ★ ◆ ✥ ▼ ❉ ✥ ❉ ❍ ★ ❏ ✬ ✦ ✧ ❍ ✪ ● ★ ✦✥ ❋ ★ ■ ★ ✧ ❉ ✦ ❊ ✧ ❊ ❉ ❑ ❄ ❷ ❍ ★ ❏ ✦ ✥ ✫ ★ ✧ ❉ ◆ ★ ❈ ★ ■ ✥ ❏ ★ ✦ ✥ ✦ ◆ ❊ ● ❉ ✦ ❊ ❇ ✬ ❉ ❊ ✥ ▼ ■ ❊ ✧ ★ ▼ ● ★ ★ ● ❍ ✪ ■ ■ ✪ ❏ ❏ ✦ ✥ ✪ ✧ ❍❉ ✥ ❉ ❍ ★ ⑤ ✥ ▲ ▲ ❊ ● ● ❊ ✥ ▼ ❋ ✥ ✦ ✦ ★ ➎ ◆ ★ ❉ ★ ✦ ▲ ❊ ▼ ✪ ❉ ❊ ✥ ▼ ✥ ❋ ❉ ❍ ★ ❉ ✪ ✦ ❊ ❋ ❋ ❄ ➏
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✇ ② ✪ ✧ ✧ ❍ ➌ ❍ ✪ ✦ ✪ ❉ ✩ ❊ ● ● ❊ ✥ ▼✣
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Õ

❅ ❦ ❺ Ö × ❦ r ❧ Ø ❥ ❢ ❡ s ❳ ❨ ❥ ❧ Ø ❥ ❢ ❡ ❣ ❨ r ♠ Ø ❩ ❥ ♠ ❧ ❨ r ♥ ❨ ❥ ♦ ❥ Ù ❳ ♣ ❢ ❥ ❨ ❥ ❡ r Ø ❨ ❩ ❥ ❡ ❳ ♦ ♠ Ø ❡ ❥ ♠ ❦ ♦ ❣ ❢ ❳ ❩ ❥✥ ❋ ✥ ✦ ❊ ▼ ❇ ■ ★ ▼ ◆ ② ❊ ❉ ❍ ❚ ◆ ❊ ★ ● ★ ■ ❚ ❏ ★ ❉ ✦ ✥ ■ ✥ ✦ ✥ ❉ ❍ ★ ✦ ❋ ✥ ● ● ❊ ■ ❋ ✬ ★ ■ ● ❋ ✥ ✦ ❉ ✦ ✪ ▼ ● ❏ ✥ ✦ ❉ ❚ ● ❉ ✪ ❉ ❊ ✥ ▼ ✪ ✦ ❑ ❚❏ ✥ ✦ ❉ ✪ ❇ ■ ★ ✪ ▼ ◆ ✥ ❉ ❍ ★ ✦ ✪ ❏ ❏ ■ ❊ ✧ ✪ ❉ ❊ ✥ ▼ ● ➚❊ ❊ ❄ Ð ★ ▼ ★ ② ✪ ❇ ■ ★ ✦ ★ ● ✥ ✬ ✦ ✧ ★ ● ✪ ✦ ★ ❉ ❍ ★ ❇ ❊ ✥ ◆ ★ ❯ ✦ ✪ ◆ ✪ ❇ ■ ★ ❋ ✦ ✪ ✧ ❉ ❊ ✥ ▼ ✥ ❋ ❏ ✦ ✥ ◆ ✬ ✧ ❉ ● ❚ ② ✪ ● ❉ ★ ●✪ ▼ ◆ ✦ ★ ● ❊ ◆ ✬ ★ ● ❋ ✦ ✥ ▲ ✪ ❯ ✦ ❊ ✧ ✬ ■ ❉ ✬ ✦ ★ ❚ ❋ ✥ ✦ ★ ● ❉ ✦ ❑ ❚ ❉ ✦ ★ ★ ❇ ✪ ● ★ ◆ ✥ ❊ ■ ✥ ❉ ❍ ★ ✦ ▼ ✥ ▼ ➎ ★ ◆ ❊ ❇ ■ ★ ✥ ❊ ■ ●✪ ▼ ◆ ✦ ★ ■ ✪ ❉ ★ ◆ ❊ ▼ ◆ ✬ ● ❉ ✦ ❊ ★ ● ✪ ● ② ★ ■ ■ ✪ ● ❉ ❍ ★ ❇ ❊ ✥ ◆ ★ ❯ ✦ ✪ ◆ ✪ ❇ ■ ★ ❋ ✦ ✪ ✧ ❉ ❊ ✥ ▼ ✥ ❋ ❊ ▼ ◆ ✬ ● ❉ ✦ ❊ ✪ ■ ✪ ▼ ◆▲ ✬ ▼ ❊ ✧ ❊ ❏ ✪ ■ ② ✪ ● ❉ ★ ● ❄ ③❅ ❸ ❄ P ◗ ❄ P ❷ ✪ ● ➽ ❋ ✥ ✦ ✧ ★ ✥ ▼ ① ✪ ● ❉ ★ ❉ ✥ Ú ▼ ★ ✦ ❯ ❑ ✧ ✦ ★ ✪ ❉ ★ ◆ ❇ ❑ ⑧ ❙ ❷ ❙ ❆ ✪ ❑ ✥ ❯ ❍ ✪ ● ★ ● ❉ ❊ ▲ ✪ ❉ ★ ◆❯ ★ ▼ ★ ✦ ✪ ❉ ❊ ✥ ▼ ✥ ❋ ⑨ ◗ ✩ ✩ ❷ ✥ ❋ ✩ ✬ ▼ ❊ ✧ ❊ ❏ ✪ ■ ✇ ✥ ■ ❊ ◆ ① ✪ ● ❉ ★ ❮ ✩ ✇ ① ❰ ✪ ▼ ▼ ✬ ✪ ■ ■ ❑ ❊ ▼ ❙ ▼ ◆ ❊ ✪ ❄❷ ❍ ❊ ● ② ✪ ● ❉ ★ ❍ ✪ ● ✪ ❍ ✬ ❯ ★ ❏ ✥ ❉ ★ ▼ ❉ ❊ ✪ ■ ✥ ❋ ❏ ✦ ✥ ◆ ✬ ✧ ❊ ▼ ❯ ◆ ✦ ✥ ❏ ➎ ❊ ▼ ❋ ✬ ★ ■ ● ✪ ▼ ◆ ❯ ★ ▼ ★ ✦ ✪ ❉ ★❏ ✥ ② ★ ✦ ❊ ▼ ✧ ■ ✬ ◆ ❊ ▼ ❯ Ð ★ ❋ ✬ ● ★ ◆ ➊ ★ ✦ ❊ ❈ ★ ◆ ❋ ✬ ★ ■ ❚ ❇ ❊ ✥ ❯ ✪ ● ➇ ★ ■ ★ ✧ ❉ ✦ ❊ ✧ ❊ ❉ ❑ ✪ ▼ ◆ ✧ ✥ ▲ ❏ ✥ ● ❉ ❉ ✥● ✬ ❏ ❏ ✥ ✦ ❉ ✪ ❯ ✦ ❊ ✧ ✬ ■ ❉ ✬ ✦ ★ ❄✣ Û ❳ ❨ ❦ r Ø ❡ ✐ ❤ ❣ ❥ r ❧ Ù ❳ ❡ ✐ ❥ ❳ ❡ ❅ ✉ ❥ ♦ ❥ Ù ❳ ♣ ❢ ❥ ❝ ❳ ✐ Ø ❨ ❥ ③Ú ■ ❊ ❯ ❊ ❇ ❊ ■ ❊ ❉ ❑ ⑤ ✦ ❊ ❉ ★ ✦ ❊ ✪ ❊ ▼ ⑤ ✤ ❆ ❚ ❱ ✪ ✦ ✪ ❖ ❄ P ❮ ❈ ❰❅ Ü Ý Þ ß à á â ã ä å ã à æ Þ ç á Þ è ä é ã â ê Þ ç Þ ë ì å ã â à Þ ë í à ç à î å ä ï à ð å â é Ý à ã ñ å ï ï ä à à ï ê ò ê ä ï à ë Þ Ý ó ô õ öô Þ Ý á Þ è ä é ã â ê Þ ç ÷ ä å ã à æ ø Ý Þ ß à á â ã ù è ê ú ê ç ò Þ ë Þ â ñ à Ý î å ã â à Þ ë Ý à ç à î å ä ï à ç å â é Ý à è å û ä àü ý þ ÿ � ✁ ✁ ý ✂ ✄ ☎✣✣
✣
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✳ ✯ ✯ ✛ ✰ ✯ ✴ ✕ ✲ ❂ ✙ ✚ ❃ ✰ ✖ ✶ ✭ ✮ ✷ ✘ ✷ ❀ ✷ ✮ ✷ ✶ ✹ ➓ ✝ ✛ ✕ ✮ ✷ ❁ ✷ ✖ ✕ ✶ ✷ ✚ ✜ ✵ ✙ ✷ ✶ ✰ ✙ ✷ ✕ ➔ ✚ ✶ ➒ ✕ ✯ ✶ ✰ ✾ ✘ ✜ ✚ ✯ ✶ ✷ ✖✣✣✣✼ ✰ ❿ ✛ ✰ ✯ ✶ ✴✺ ✚ ➄ ✕ ❼ ✷ ➄ ✷ ➑ ✰ ✶ ❽ ✰ ✿ ✚ ✶ ✰ ✜ ✶ ✷ ✕ ✮ ✚ ❁ → ✕ ✯ ✶ ✰ ✛ ✶ ✷ ✮ ✷ ➑ ✕ ✶ ✷ ✚ ✜ ✕ ✖ ✙ ✚ ✯ ✯ ❀ ✷ ✚ ➄ ✕ ✯ ✯ ➓ ➒ ✺ ✭ ✿ ✮ ✕ ✜ ✶ ✯ ❻➃ ➔ ✼ ✭ ➄ ✕ ✹ ✗ ✷ ✜ ✢ ✮ ✹ ✷ ✯ ✯ ✛ ✰ ✕ ✿ ✿ ✙ ✚ ✿ ✙ ✷ ✕ ✶ ✰ ✜ ✚ ✶ ✷ ❁ ✷ ✖ ✕ ✶ ✷ ✚ ✜ ➓ ✘ ✛ ✷ ✢ ✰ ✮ ✷ ✜ ✰ ✴
❅ ✉ ❥ ♦ ❥ Ù ❳ ♣ ❢ ❥ ❨ ❥ ❡ r Ø ❨ ❩ ❥ ❡ ❳ ❨ ❥ Ù ❳ ❡ ✐ ❥ ❡ ❳ ♦ ♠ ❨ ❥ ❡ ❦ ♠ Ø ❥ ❡ ❧ ❨ r ♥ ❳ ✞ ❨ ❦ ❩ Ø ❢ ✐ Ø ❨ ❥ ❴ ❧ r ❨ ❥ ❡ ✐ ❨ ❤ ❴ ✐ ❨ ❥ ❥ ➎❇ ✪ ● ★ ◆ ✥ ❊ ■ ✥ ❉ ❍ ★ ✦ ▼ ✥ ▼ ➎ ★ ◆ ❊ ❇ ■ ★ ✥ ❊ ■ ● ✪ ▼ ◆ ✦ ★ ■ ✪ ❉ ★ ◆ ❊ ▼ ◆ ✬ ● ❉ ✦ ❊ ★ ● ✪ ● ② ★ ■ ■ ✪ ● ❊ ▼ ◆ ✬ ● ❉ ✦ ❊ ✪ ■ ✪ ▼ ◆♥ Ø ♦ ❦ ❩ ❦ ❣ ❳ ❢ Ù ❳ ❡ ✐ ❥ ❡ ③✔ ✰ ✜ ✰ ❁ ✷ ✶ ✯ ✴✣✣✣
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✟

✔ ✕ ✖ ✗ ✘ ✙ ✚ ✛ ✜ ✢ ✴✣
✣
✣
✣ ❏ ✦ ✥ ✧ ★ ● ● ✪ ▼ ◆ ◆ ❊ ● ❏ ✥ ● ★ ❉ ❍ ★ ② ✪ ● ❉ ★ ✦ ★ ❯ ✪ ✦ ◆ ■ ★ ● ● ✥ ❋ ❉ ❍ ★➷ ✬ ✪ ■ ❊ ❉ ❑ ✥ ❋ ② ✪ ● ❉ ★ ❄✣ ❮ ▲ ✪ ❊ ▼ ❉ ✪ ❊ ▼ ❊ ▼ ❯ ✧ ★ ✦ ❉ ✪ ❊ ▼ ❇ ✥ ❊ ■ ★ ✦ ❉ ★ ▲ ❏ ★ ✦ ✪ ❉ ✬ ✦ ★ ❚ ✧ ✥ ▲ ❏ ■ ★ ❉ ★❏ ✦ ✥ ✧ ★ ● ● ❊ ▼ ❯ ✥ ❋ ② ✪ ● ❉ ★ ❚ ■ ★ ● ● ✬ ▼ ❇ ✬ ✦ ▼ ❉ ▲ ✪ ❉ ★ ✦ ❊ ✪ ■ ❊ ▼ ✪ ● ❍ ❰✣ ❆ ◆ ★ ❉ ✪ ❊ ■ ★ ◆ ★ ➾ ❏ ■ ✪ ▼ ✪ ❉ ✥ ✦ ❑ ▼ ✥ ❉ ★ ✥ ▼ ② ✪ ● ❉ ★ ❊ ● ★ ▼ ✧ ■ ✥ ● ★ ◆ ✪ ●➮ ➦ ➱ ➠ ➺ ➢ ➟ ➞ ➡ ✠ ➹✣✣

✭ ✜ ✖ ✮ ✚ ✯ ✛ ✙ ✰ ✱ ↔
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❅ ❷ ❍ ★ ⑤ ✥ ▲ ▲ ❊ ● ● ❊ ✥ ▼ ▼ ✥ ❉ ★ ◆ ❉ ❍ ✪ ❉ ❯ ★ ▼ ★ ✦ ✪ ❉ ❊ ✥ ▼ ❋ ✦ ✥ ▲ ❇ ❊ ✥ ▲ ✪ ● ● ❇ ✪ ● ★ ◆ ❏ ✥ ② ★ ✦ ❏ ✦ ✥ ✫ ★ ✧ ❉ ● ✪ ▼ ◆❇ ✪ ❯ ✪ ● ● ★ ❇ ✪ ● ★ ◆ ✧ ✥ ➎ ❯ ★ ▼ ★ ✦ ✪ ❉ ❊ ✥ ▼ ❏ ✦ ✥ ✫ ★ ✧ ❉ ● ❊ ● ❏ ✦ ★ ◆ ❊ ✧ ❉ ✪ ❇ ■ ★ ✪ ▼ ◆ ✧ ✪ ▼ ❇ ★ ● ✧ ❍ ★ ◆ ✬ ■ ★ ◆ ✥ ▼ ◆ ✪ ❑✪ ❍ ★ ✪ ◆ ❇ ✪ ● ❊ ● ❄ ❷ ❍ ★ ⑤ ✥ ▲ ▲ ❊ ● ● ❊ ✥ ▼ ◆ ★ ✧ ❊ ◆ ★ ● ❉ ❍ ✪ ❉ ❉ ❍ ★ ❏ ✦ ✥ ❈ ❊ ● ❊ ✥ ▼ ● ✥ ❋ ❉ ❍ ★ ➈ Ú Ð ⑤ ❮ ❷ ★ ✦ ▲ ● ✪ ▼ ◆⑤ ✥ ▼ ◆ ❊ ❉ ❊ ✥ ▼ ● ✥ ❋ ❙ ▼ ❉ ✦ ✪ ➎ ✇ ❉ ✪ ❉ ★ ⑦ ❏ ★ ▼ ❆ ✧ ✧ ★ ● ● ❰ Ð ★ ❯ ✬ ■ ✪ ❉ ❊ ✥ ▼ ● ❚ ◗ ❘ P P ✪ ● ② ★ ■ ■ ✪ ● ➈ Ú Ð ⑤ ❆ ➌ ❷✥ ✦ ◆ ★ ✦ ● ● ❍ ✪ ■ ■ ❇ ★ ✪ ❏ ❏ ■ ❊ ✧ ✪ ❇ ■ ★ ❉ ✥ ● ✬ ✧ ❍ ❏ ✦ ✥ ✫ ★ ✧ ❉ ● ❄ ❷ ❍ ★ ★ ➾ ★ ▲ ❏ ❉ ❊ ✥ ▼ ❋ ✦ ✥ ▲ ● ✧ ❍ ★ ◆ ✬ ■ ❊ ▼ ❯✦ ★ ➷ ✬ ❊ ✦ ★ ▲ ★ ▼ ❉ ● ❋ ✥ ✦ ❉ ❍ ★ ● ▲ ✪ ■ ■ ★ ✦ ✧ ✪ ❏ ✪ ✧ ❊ ❉ ❑ ❇ ❊ ✥ ▲ ✪ ● ● ❇ ✪ ● ★ ◆ ❏ ✥ ② ★ ✦ ❏ ✦ ✥ ✫ ★ ✧ ❉ ● ❍ ✪ ❈ ❊ ▼ ❯❊ ▼ ● ❉ ✪ ■ ■ ★ ◆ ✧ ✪ ❏ ✪ ✧ ❊ ❉ ❊ ★ ● ✬ ❏ ❉ ✥ ⑥ ✩ ① ❍ ✪ ● ❇ ★ ★ ▼ ➽ ★ ❏ ❉ ✧ ✥ ▼ ● ❊ ◆ ★ ✦ ❊ ▼ ❯ ❉ ❍ ★ ❊ ✦ ● ▲ ✪ ■ ■ ★ ✦ ● ❊ ☛ ★ ✪ ▼ ◆◆ ❊ ❋ ❋ ❊ ✧ ✬ ■ ❉ ❊ ★ ● ✥ ❋ ▲ ✥ ▼ ❊ ❉ ✥ ✦ ❊ ▼ ❯ ❇ ❑ ❉ ❍ ★ ✇ ➋ ➊ ⑤ ❄ Ð ★ ■ ✪ ➾ ✪ ❉ ❊ ✥ ▼ ❋ ✦ ✥ ▲ ● ✧ ❍ ★ ◆ ✬ ■ ❊ ▼ ❯ ❉ ❍ ★ ❯ ★ ▼ ★ ✦ ✪ ❉ ❊ ✥ ▼✧ ✪ ▼ ▼ ✥ ❉ ❇ ★ ★ ➾ ❉ ★ ▼ ◆ ★ ◆ ❉ ✥ ❉ ❍ ★ ❇ ❊ ✥ ▲ ✪ ● ● ❇ ✪ ● ★ ◆ ❏ ✥ ② ★ ✦ ❏ ✦ ✥ ✫ ★ ✧ ❉ ● ✪ ▼ ◆ ❇ ✪ ❯ ✪ ● ● ★ ❇ ✪ ● ★ ◆ ✧ ✥ ➎❯ ★ ▼ ★ ✦ ✪ ❉ ❊ ✥ ▼ ❏ ✦ ✥ ✫ ★ ✧ ❉ ● ✬ ❏ ❉ ✥ P ❘ ✩ ① ✧ ✪ ❏ ✪ ✧ ❊ ❉ ❑ ◆ ✬ ★ ❉ ✥ ❉ ❍ ★ ✦ ★ ✪ ● ✥ ▼ ● ● ❉ ✪ ❉ ★ ◆ ✪ ❇ ✥ ❈ ★ ❄ ❅✭ ✜ ✖ ✮ ✚ ✯ ✛ ✙ ✰ ✱ ✱❷ ❍ ★ ⑤ ✥ ▲ ▲ ❊ ● ● ❊ ✥ ▼ ❊ ● ✥ ❋ ❉ ❍ ★ ✥ ❏ ❊ ▼ ❊ ✥ ▼ ❉ ❍ ✪ ❉ ❉ ❍ ★ ❯ ★ ▼ ★ ✦ ✪ ❉ ❊ ✥ ▼ ❋ ✦ ✥ ▲ ✩ ✇ ① ❉ ✥ ★ ▼ ★ ✦ ❯ ❑ ❏ ✦ ✥ ✫ ★ ✧ ❉ ●❊ ● ❏ ✦ ★ ◆ ❊ ✧ ❉ ✪ ❇ ■ ★ ✪ ▼ ◆ ❍ ★ ▼ ✧ ★ ❚ ✧ ✪ ▼ ❇ ★ ● ✧ ❍ ★ ◆ ✬ ■ ★ ◆ ❊ ▼ ✪ ✧ ✧ ✥ ✦ ◆ ✪ ▼ ✧ ★ ② ❊ ❉ ❍ ❉ ❍ ★ ❊ ▼ ❉ ✦ ✪ ➎ ● ❉ ✪ ❉ ★ ❆ ➌ ❷❯ ✬ ❊ ◆ ★ ■ ❊ ▼ ★ ● ❄ ➈ ✬ ✫ ✪ ✦ ✪ ❉ ① ✪ ● ❉ ★ ❉ ✥ Ú ▼ ★ ✦ ❯ ❑ ❱ ✥ ■ ❊ ✧ ❑ ◗ ❘ P ⑨ ✪ ■ ● ✥ ● ❏ ★ ✧ ❊ ❋ ❊ ★ ◆ ❉ ❍ ✪ ❉ ❉ ❍ ★ ❏ ✦ ✥ ✫ ★ ✧ ❉ ●❇ ✪ ● ★ ◆ ✥ ▼ ✩ ✇ ① ● ❍ ✪ ■ ■ ❯ ❊ ❈ ★ ❉ ❍ ★ ❊ ✦ ❋ ✥ ✦ ★ ✧ ✪ ● ❉ ✪ ▼ ◆ ● ✧ ❍ ★ ◆ ✬ ■ ★ ❋ ✥ ✦ ◆ ✪ ❑ ❉ ✥ ◆ ✪ ❑ ✥ ❏ ★ ✦ ✪ ❉ ❊ ✥ ▼ ❄ ❷ ❍ ★⑤ ✥ ▲ ▲ ❊ ● ● ❊ ✥ ▼ ✪ ■ ● ✥ ▼ ✥ ❉ ★ ◆ ❉ ❍ ✪ ❉ ❉ ❍ ★ ● ★ ✧ ❉ ✥ ✦ ❊ ● ▼ ★ ② ✪ ▼ ◆ ❉ ❍ ★ ● ❉ ✪ ❉ ★ ❍ ✪ ● ▼ ✥ ✥ ❏ ★ ✦ ✪ ❉ ❊ ✥ ▼ ✪ ■★ ➾ ❏ ★ ✦ ❊ ★ ▼ ✧ ★ ✥ ❋ ✩ ✇ ① ❉ ✥ ★ ▼ ★ ✦ ❯ ❑ ❏ ■ ✪ ▼ ❉ ● ❄ ❷ ❍ ★ ⑤ ✥ ▲ ▲ ❊ ● ● ❊ ✥ ▼ ◆ ★ ✧ ❊ ◆ ★ ● ❉ ✥ ✦ ★ ■ ✪ ➾ ❉ ❍ ★ ❏ ✦ ✥ ❈ ❊ ● ❊ ✥ ▼ ●✥ ❋ ❊ ▼ ❉ ✦ ✪ ● ❉ ✪ ❉ ★ ❆ ➌ ❷ ✥ ✦ ◆ ★ ✦ ● ❋ ✥ ✦ ❉ ❍ ★ ✩ ✇ ① ❉ ✥ ★ ▼ ★ ✦ ❯ ❑ ❏ ✦ ✥ ✫ ★ ✧ ❉ ● ✧ ✥ ▲ ▲ ❊ ● ● ❊ ✥ ▼ ★ ◆ ◆ ✬ ✦ ❊ ▼ ❯ ❉ ❍ ★✧ ✥ ▼ ❉ ✦ ✥ ■ ❏ ★ ✦ ❊ ✥ ◆ ✥ ❋ ❉ ❍ ❊ ● ✥ ✦ ◆ ★ ✦ ❄ ❷ ❍ ★ ✩ ✇ ① ❉ ✥ ★ ▼ ★ ✦ ❯ ❑ ❏ ✦ ✥ ✫ ★ ✧ ❉ ◆ ★ ❈ ★ ■ ✥ ❏ ★ ✦ ● ❍ ✥ ✬ ■ ◆ ❋ ✥ ✦ ★ ✧ ✪ ● ❉❉ ❍ ★ ❊ ✦ ❯ ★ ▼ ★ ✦ ✪ ❉ ❊ ✥ ▼ ❉ ✥ ❉ ❍ ★ ■ ✥ ✪ ◆ ◆ ★ ● ❏ ✪ ❉ ✧ ❍ ★ ✦ ✪ ● ❏ ★ ✦ ❉ ❍ ★ ● ❉ ✪ ▼ ◆ ✪ ✦ ◆ ❏ ✦ ✥ ❈ ❊ ● ❊ ✥ ▼ ✬ ▼ ◆ ★ ✦ ❉ ❍ ★❊ ▼ ❉ ✦ ✪ ➎ ● ❉ ✪ ❉ ★ ❆ ➌ ❷ ✥ ✦ ◆ ★ ✦ ● ✥ ❋ ❉ ❍ ★ ⑤ ✥ ▲ ▲ ❊ ● ● ❊ ✥ ▼ ❚ ❍ ✥ ② ★ ❈ ★ ✦ ❉ ❍ ★ ✦ ★ ② ❊ ■ ■ ❇ ★ ▼ ✥ ✧ ✥ ▲ ▲ ★ ✦ ✧ ❊ ✪ ■❊ ▲ ❏ ✪ ✧ ❉ ❊ ▼ ✧ ✪ ● ★ ✥ ❋ ◆ ★ ❈ ❊ ✪ ❉ ❊ ✥ ▼ ❋ ✦ ✥ ▲ ❉ ❍ ★ ● ✧ ❍ ★ ◆ ✬ ■ ★ ◆ ❏ ✥ ② ★ ✦ ❋ ✥ ✦ ✪ ❏ ★ ✦ ❊ ✥ ◆ ✥ ❋ ✥ ▼ ★ ❑ ★ ✪ ✦ ❋ ✦ ✥ ▲❉ ❍ ★ ◆ ✪ ❉ ★ ✥ ❋ ❉ ❍ ★ ✧ ✥ ▲ ▲ ❊ ● ● ❊ ✥ ▼ ❊ ▼ ❯ ✥ ❋ ❉ ❍ ★ ❏ ✦ ✥ ✫ ★ ✧ ❉ ❄ ❷ ❍ ★ ✦ ★ ✪ ❋ ❉ ★ ✦ ❚ ❉ ❍ ★ ✧ ✥ ▲ ▲ ★ ✦ ✧ ❊ ✪ ■❊ ▲ ❏ ■ ❊ ✧ ✪ ❉ ❊ ✥ ▼ ● ✥ ❋ ❆ ➌ ❷ ✥ ✦ ◆ ★ ✦ ● ❍ ✪ ■ ■ ❇ ★ ✪ ❏ ❏ ■ ❊ ✧ ✪ ❇ ■ ★ ❉ ✥ ● ✬ ✧ ❍ ❏ ✦ ✥ ✫ ★ ✧ ❉ ● ❄✳ ✯ ✯ ✛ ✰ ✯ ✴ ✕ ✲ ✵ ✚ ✜ ✻ ✰ ✜ ✶ ✷ ✚ ✜ ✕ ✮ ✸ ➂ ➃ ➓ ✽ ✳ ➔ ✚ ✶ ✺ ✰ ✖ ❽ ✜ ✷ ✖ ✕ ✮ ✮ ✹ ➅ ✰ ✕ ✯ ✷ ❀ ✮ ✰ ❁ ✚ ✙ ✔ ✷ ✚ ➄ ✕ ✯ ✯ ➓ ➒ ✺ ✭✣ ❋ ✬ ★ ■
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Abellon CleanEnergy
A PROMISE TO CLEAN INDIA…

WTE Policy & Regulatory 
Issues and Request



Evolving National Context, Govt Action, Industry Response, & Impact
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Context Setting: Purpose of Power Plants
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Conventional Solar/Wind WTE

Purpose Predictable Supply 
of electricity

Renewable electricity Processing & disposal of waste

Availability 24/7 Time of Day 24/7

Fuel Homogeneous coal/gas - Heterogenous waste

Variability in 
Generation

Very low - low Low - High High

G
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n 
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rn



Solid Waste Characteristics
Sr. No Parameter Municipal Solid Waste
1 Type Solid waste

2 Source Multiple households, commercial establishments, gardens
 

3 Composition Varying composition
 (varying composition of food, paper, plastic, metal, rags, inert)

4 Characteristics Heterogenous mix

5 Bulk Density (Kg/M3) 10 – 400 kg/m3

6 Moisture (%) 25% – 45%

7 Calorific Value (Kcal/kg) 1200 – 2200

8 Ash (Sand/Silica) (%) 15 – 30%

Solid waste is heterogenous and highly variable
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Regulatory Provisions: Availability Based Tariff

Conventional Power Plants & Regulatory Provisions

 Power generation from conventional plants is regulated in interest of providing stable and efficient supply of electricity into grid.

 CERC introduced the Availability Based Tariff or “ABT” mechanism in 2000 to promote, inter-alia, grid stability and efficiency of 
generation considering the operations of large-scale conventional power plants. 

ABT is fundamentally designed to optimize electricity generation while appropriately compensating generators for fixed costs.

5

ABT

ABT is essentially a commercial mechanism which has the following three commercial components applicable to conventional power plants:

1. Capacity Charge 3. UI Charge 2. Energy Charge

Fixed Cost (recoverable for plant availability) Difference between scheduled and actual 
generation

 Variable Cost (recoverable for fuel cost incurred) 



Variability & Impact in WTE 

 Waste is a heterogenous mix of various 
types of material.

 Available 24/7 but highly unpredictable 
= High variability in generation

 Primary mandate to process & dispose 
regardless of quality of waste.

 WTE are inequitably treated under ABT.

  Var iabi l i ty  and i ts  impact  are not 
accounted for.
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Variability & Impact in WTE 

 The plant processed and disposed 100% of the requisite quantum of waste with the expectation to generate 9 MWh, however, due to 
variable nature of the fuel and consequential impacts, the average generation was only 7 MWh.  

 The plant incurred losses as it had to pay for UI/DSM charges for the 2 MWh difference in schedule vs. generation (under-injection) due 
to uncontrollable factors

 Note that variability would have been manifested regardless of what the schedule was as generation would still not be predictable

7

An illustrative chart of actual variability in a WTE plant



Cost Recovery Regulatory Gap in WTE
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Fixed Charge

UI Charge

Variable Charge

Fixed Charge

Variable Charge

Based on Availability

Based on Scheduled 
Energy

Based on Scheduled 
Energy

MYT Regulations
(Normative Parameters + 
Process for Adjustment)

Tariff Orders
(Normative Parameters)

UI ChargeScheduled vs. Actual 
Generation

Energy Charges Adjustment Yes No

Fuel Variability Adjustment Yes No

Revenue Adjustment/ARR Yes No

Conventional Power Plants Waste to Energy Power Plants

No Regulatory Consideration

Though WTE Plants are under ABT, they do not have equitable provisions for cost recovery as Conventional Power Plants

Components of ABT
Regulatory 

Consideration
Regulatory 

Consideration Components of ABTGoverning Regulation

Scheduled vs. Actual 
GenerationCERC DSM Regulations

Governing Regulation



DSM/UI Exemption for WTE in India

Sr. No. States Year of Regulation/Order WTE Installed Capacity Exemption Granted

1 Delhi 2019  52 MW All WTE Plants

2 Madhya Pradesh 2013 11.5 MW All WTE Plants

3 Uttar Pradesh 2019 - All WTE Plants

9



MoP and GoNCT Meeting & DERC Order for WTE Projects

10



ABT’s Limitation Recognized by FOIR for Renewables

Forum of Indian Regulators Recommendation on ABT

FOIR Recognized that Recovery of Fixed Charge (Capacity Charge) basis scheduled energy not appropriate for Waste to Energy

FOIR Report on “RECOMMENDATIONS REGARDING IMPLEMENTATION OF AVAILABILITY BASED TARIFF (A.B.T.) IN INTRA-STATE SYSTEMS” 

 “A.B.T. is basically meant for large power plants whose capacity is assigned to one or more beneficiaries on a 24 - hour, long-term 

basis. It presumes that the plant operator is able to declare the plant availability on day-ahead basis, and is then able to supply 

power as perthe schedule advised by his beneficiaries. As such, A.B.T. is not an appropriate/practicable mechanism for captive/co-

generation, or for non-conventional sources of energy (wind, solar, biomass, mini-hydel, etc.), which are mostly unpredictable 

regarding their power supply capability. For example, payment of capacity charge in A.B.T. is dependent on MW availability 

declaration. If a figure cannot be committed for the whole of the next day, capacity charge itself cannot be determined. Further, the 

actual generation could vary widely, from the given schedule (e.g. due to changes in wind speed), and a plant could run up huge 

UI liability.”
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Submission & Request
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1) Immediate: Exemption from Commercial Implication of DSM/UI

WTE plants shall provide schedule, however, to be paid on actual generation basis. No commercial implication of deviations from 
schedule.  

2) Long-term: Fixed Cost Recovery: Linked to Waste Processing

WTE projects should be able to recover fixed cost to the extent the plant is available to process and dispose waste and the % of waste 
processed in reference to waste processing capacity. i.e, de-link the fixed cost recovery from energy generation / scheduling.



You must be the CHANGE
You Want to See in the World

Thank You Join us in making India a Clean & Healthy Nation

(M K Gandhi)


