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Disclaimer 
The information/ data in this publication has been collected primarily from secondary 
sources such as books, journal articles, papers, websites and other sources as cited in 
the document. All the citations referred herein this document are acknowledged most 
thankfully. In addition, information elicited during the Indian Stakeholder’s study tours 
to Europe has also been incorporated. The pictures included in this publication are 
either taken during the study tours or from the sources, which are well cited. The 
project consortium has compiled this document after careful review and collation of the 
information and data as cited wherever this is applicable. This publication is produced 
as a reference document for the use of stakeholders in accordance with the objective 
of EU-India Project of Technical Cooperation for Environment. Nevertheless, this 
publication does not reflect the views of the EU Delegation to India. The Project 
Consortium may not guarantee for the accuracy of material collected from various 
sources, which are in public domain. 
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PREFACE 
 

The EU-India Project on Technical Cooperation for Environment has an overall aim to 
contribute towards sustainable and inclusive development of India by means of capacity 
building of stakeholders. The focus of the project is on two priority themes viz. Sewage 
Treatment and Solid Waste Management. Both the thematic areas are having synergies with 
the National Action Plan of Climate Change and the Swachh Bharat Mission of the 
Government of India.  The NCT of Delhi and Mumbai, which are two mega-cities of India are 
identified as pilot-cities for implementation of project activities in accordance with 10 work 
packages. The project started in October-2014 and will continue till September-2018. During 
interaction and intense deliberations with stakeholders comprising of municipal corporations, 
central ministries, regulatory bodies and NGOs during the year 2015 together with extensive 
site visits and situation analysis, following two areas of training were identified: 
♦ Solid Waste Management with particular focus on waste processing technologies 
♦ Sewage Sludge Management  
 

Considering the priorities of stakeholder on above areas, International Training through 
Study Tours to Europe were organised in June-2016 for wide-spectrum of stakeholders 
comprising of Implementers, Policy-makers, Regulators, Private actors and Non-government 
Organisation. Though many countries of EU are having par excellence waste management 
practices, Sweden was selected as a “pilot-location” for study tours considering best 
practices in many areas such as (i) leading in utilization of “biogas extracted from waste” for 
transport, (ii) one of the leading countries for considerably adhering to the “EU Waste 
Management Hierarchy” and (iii) appreciable progress made towards “Waste-to-Energy”. In 
addition, brief visit was also made to waste management sites in Denmark. The Study 
Tours-2016 were divided into dual themes each having one-week long duration (i) Sludge 
Management with particular focus on Holistic Sludge Management Conference-2016 at 
Malmӧ and visit to waste management sites at Copenhagen and (ii) Solid Waste 
Management in Sweden with particular focus on visits to Waste Processing sites at 
Stockholm. 
 

The major focus of this document is on Solid Waste and Sewage Sludge Management 
Practices in India and EU with illustration of “Best Practices” of many European countries 
together with learnings of Indian Stakeholders from Study Tours. The “Best Practices” are 
also compared with the policies of India and EU on waste management by analysing 
relevant rules and regulatory instruments. We hope that this document would definitely help 
stakeholders in India to provide necessary inputs for strengthening Waste Management 
Practices.   
                     

Project Consortium 
EU-India Project on Technical Cooperation 
for Environment 
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1. INTRODUCTION 
 
1.1  Background 
 
The Government of India always endeavours to adopt the path of sustainable and inclusive 
development by means of increasing the use of green energy sources, energy efficiency and 
clean technologies. The EU-India Technical Cooperation for Environment has an aim to 
contribute towards India’s sustainable and inclusive development objectives based on the 
local experience of both India and the EU through capacity building and skill development. 
The focus of the project is on two priority themes1 viz. (1) Solid Waste Management and (2) 
Sewage Treatment in two pilot cities viz. Mumbai and the National Capital Territory of Delhi. 
The expected outcomes of the project includes: 
 
♦ Enhanced technical and institutional capacity of Indian authorities to create an enabling 

environment promoting clean technologies; 
 

♦ Enhanced human capacity through the transfer of the required skills and technical know-
how for the use and development of clean technology in the local context; 
 

♦ Increased awareness amongst public and private actors and the public at large, on 
environmentally friendly development activities. 

 
The implementation strategy of the project has two main dimensions, the first of which 
comprises the provision of short-term international technical assistance across the lifetime of 
the project to help in building institutional capacity, generate knowledge, create linkages 
between European and Indian agencies and institutions, and ensure awareness-raising. The 
second dimension includes the use of exchange visits of personnel from designated link 
institutions (Europe to India and India to Europe), study visits to Europe, and 
deputation/training with relevant European bodies and institutions for “know how”/ and best 
practice transfer including technical training, training of master trainers and instructors etc. 
 
1.2 Training Need Assessment 
 
Subsequent to the Inception Phase of the project and to initiate the various activities under 
WP-2 & WP-3 of the Project Inception Report2, the project consortium started interaction with 
various stakeholders to apprise about the aim and objective of the EU-India Technical 
Cooperation for Environment and also to understand immediate needs of training. 
Stakeholders, as mentioned below were contacted from Oct-2015 to March-2016. 
♦ Ministry of Urban Development 
♦ Municipal Corporation of Greater Mumbai Sewage Operations & SWM 
♦ North Delhi Municipal Corporation 
♦ South Delhi Municipal Corporation 
♦ East Delhi Municipal Corporation 
♦ Delhi Jal Board 
♦ Central Pollution Control Board 
♦ Department of Environment/ DPCC, the Government of NCT of Delhi 
♦ Maharashtra Pollution Control Board 
♦ Stree Mukti Sanghatana and Mumbai First 



2 
 

During the interaction with stakeholders, following areas of training were identified as per the 
requirement of WP-52 and accordingly the project consortium started the conceptualization 
of the delivery of training programme for the benefit of stakeholders. 
 
1.3 Study Tours to Europe 
 
Within above framework and as part of WP-6 “WP 6-Training programs to encourage 
stakeholders to switch over to climate change and resource efficiency technologies” (Para 
6.3: “Study tours to Europe and training by EU experts”) of the approved Inception Report2, a 
one week long Sludge Management Study Tour took place from June 4th-11th 2016 in 
Sweden and Denmark as well as a one week long Solid Waste Management Study Tour 
from June 11th-18th in Stockholm. 
 
Wide-spectrum of stakeholders comprising of Environmentalist, Engineers, Policy-makers 
and Technical Experts (total 17 in numbers) representing various organisations such as the 
Ministry of Urban Development, Government of India; Central and Maharashtra Pollution 
Control Boards; Department of Environment of the Government of National Capital Territory 
of Delhi; Municipal Corporation of Delhi (North, South and East); Delhi Jal Board; Municipal 
Corporation of Greater Mumbai; Private Sector and Non-government Organisation, 
participated in the study tours to Europe. 
 
1.4 Objectives of the Study Tours 
 
The purpose of both the study tours was to build advanced capacity and develop synergies 
on sludge and solid waste management. These areas represent key challenges in India and 
to contribute towards the Swachh Bharat Mission and the National Action Plan on Climate 
Change. Main focus was  
 
1. To understand technologies and processes for the pre-treatment of waste, material 

separation, and energy recovery, which are essential components for successful waste 
management in Europe.  
 

2. To have insight of implementation of environmental policies in Europe including target 
setting, division of responsibilities, collaboration between private and public sectors etc. 
to facilitate review of EU policies and legislative framework to explore their applicability 
to India.   
 

3. To witness the model of Information, Education and Communication (IEC), which is 
playing significant role towards effective implementation of policies and enforcement of 
rules and are essential pre-requisite for Better Environmental Management. 

 
4. To explore opportunities for collaboration on technology development, process 

optimisation, compliance with norms, etc.  
 

1.5 Content of this Report 
 
This report provides detailed information about status, practices and legislation of waste 
management in EU in general and Sweden in particular vis-à-vis conditions prevailing in 
India. In addition, key learnings of Indian stakeholders from European best practices, areas 
of future cooperation participant profiles and feedback, financial information, Q&A etc.  
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2. WASTE MANAGEMENT PRACTICES : INDIA AND EU  
 
 
2.1 Solid Waste Management in India 
 
As per CPCB report4 2012-13 municipal areas in the country generate 1,33,760 metric 
tonnes per day of MSW, of which only 91,152 TPD waste is collected and 25,884 TPD 
treated. The MSW, therefore, dumped in low lying urban areas is a whopping 1,07,876 TPD, 
which needs 2,12,752 cubic meter space every day and 776 hectare of precious land per 
year. Whereas, based on the information received from State Pollution Control Boards/ 
Committees, the estimated MSW generation in the country is 143499 MT/day and only 
38771 MT/day of waste is processed/ treated5.  As per 2011 census, the 377 million people 
living in 7,935 urban centres (with 4,041 statutory municipal authorities and 3,894 town with 
more than 5,000 people of which 75% are male involved in non-agricultural activity), 
generate 1, 70,000 TPD and 62 million tonnes of MSW per year which is based on an 
average per capita generation of 450 gm per person per day. It needs to be noted that 62 
million tonnes of waste generation reported, annually, does not include wastes picked up by 
kabadiwalas from households and from the streets by rag pickers. As per MoUD, 70 million 
tonnes of waste is generated currently in urban centres. There are thus conflicting data 
about the quantum of waste actually generated in urban areas in the country, principally 
because there is no system of periodically collecting and updating country wide data base on 
quantity and composition of waste.  
 
75-80% of waste is disposed-off 
indiscriminately at dump yards in 
an unhygienic manner by the 
municipal authorities leading to 
problems of health and 
environmental degradation. The 
existing policies, programmes and 
management structure do not 
adequately address the imminent 
challenge of managing this waste 
which is projected to be 165 million 
tonnes by 2031 and 436 million 
tonnes by 2050.  
 
Further, if the current 62 million 
tonnes annual generation of MSW 
continues to be dumped without 
treatment; it will need 3,40,000 
cubic meter of landfill space 
everyday (1240 hectare per year). 
Considering the projected waste 
generation of 165 million tonnes by 
2031, the requirement of land for 
setting up landfill for 20 years 
(considering 10 meter high waste 
pile) could be as high as 66 
thousand hectares of precious 
land, which our country cannot 
afford to waste4. 
 
 

As per Solid Waste Management Rules, 20166 
 

♦ The Rules are now applicable beyond Municipal areas 
and extend to urban agglomerations, census towns, 
notified industrial townships, areas under the control of 
Indian Railways, airports, airbase, Port and harbour, 
defence establishments, special economic zones, State 
and Central government organizations, places of 
pilgrims, religious & historical importance. 

 

♦ The source segregation of waste has been mandated to 
channelize the waste to wealth by recovery, reuse and 
recycle. 

 

♦ Responsibilities of Generators have been introduced to 
segregate waste in to three streams, Wet 
(Biodegradable), Dry (Plastic, Paper, metal, wood, etc.) 
and domestic hazardous wastes (diapers, napkins, 
empty containers of cleaning agents, mosquito 
repellents, etc.) and handover segregated wastes to 
authorized rag-pickers or waste collectors or local 
bodies. 

 

♦ Integration of waste pickers/ ragpickers and waste 
dealers/ Kabadiwalas in the formal system should be 
done by State Governments, and Self Help Group, or 
any other group to be formed. 

 

♦ No person should throw, burn, or bury the solid waste 
generated by him, on streets, open public spaces 
outside his premises, or in the drain, or water bodies. 

 

♦ Generator will have to pay ‘User Fee’ to waste collector 
and for ‘Spot Fine’ for Littering and Non-segregation. 
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House-to-house collection and segregation is not fully covered in any city. There is a large 
gap in between Waste collection and processing. Most of the municipalities have no sanitary 
landfill facility and follow dumping for disposal of MSW. 
 
 
 Figure-2 State wise MSW Generated, Collected & Treated in towns/ cities (2012) 

Figure-1 Projection of Solid Waste Generation in India 
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The untapped waste has a potential of generating 439 MW of power from 32,890 TPD of 
combustible wastes including Refused Derived Fuel (RDF), 1.3 million cubic metre of biogas 
per day or 72 MW of electricity from biogas and 5.4 million metric tonnes of compost 
annually to support agriculture4.  
 
As per information compiled by CPCB, total 361 ULBs have set up waste processing plants 
(compost & vermin-compost). These waste processing plants cover treatment of wastes 
partly or fully. As many as 682 compost/vermin-compost plants have been set up in the 
country and another 131 plants are under planned/construction4. 
 
Local bodies have not so far preferred waste-to-energy projects except in the State of 
Andhra Pradesh, Gujarat, Maharashtra and Delhi58.  
♦ Andhra Pradesh has 1 operational, 3 non-operational, and 10 under-construction Waste 

to Energy Plants.  
♦ Delhi has 03 W-t-E plants out of which one is fully operational and 02 are under trial 

stage. 
♦ Madhya Pradesh has one functional plant at Jabalpur. 
 
2.2 Solid Waste Management in Sweden 
 
Preventing the creation of waste is the first step in the waste hierarchy in Sweden. It is the 
priority of both Swedish and European waste legislation. The waste hierarchy priority is: 
♦ Waste prevention 
♦ Reuse 
♦ Material recycling 
♦ Other recycling, e.g. energy recovery 
♦ Disposal. 
 
Material recycling has more than doubled since 1994, and biological treatment has almost 
quadrupled. In the same period energy recovery has increased by 70 percent while waste to 
landfill has decreased by 98 percent. A growing number of municipalities have introduced 
the collection of food waste separated at source; and where food waste is collected 
separately it goes for biological treatment. In 2013 the amount of food waste going to 
biological treatment increased by 16 percent from 2012. Anaerobic digestion is generally on 
the increase while composting 
is decreasing7, 8. 
 
The biological treatment 
and recycling of 
household waste is 
increasing in Sweden, 
following the same 
trend as in the rest of 
Europe. However, the 
major difference is that 
almost no household 
waste goes to landfill in 
Sweden. Only 0.7 
percent of Swedish 
household waste goes 
to landfill, compared 
with 34 percent in 
Europe as a whole7. 

Figure-3 Solid Waste Management in Sweden 
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2.3 Solid Waste Management in EU 
 

The development of municipal waste management in European countries reflects initiatives taken 
by both the EU and individual countries. The EU waste policy landscape has evolved 
considerably over the last 30 years. One important step was the 'Thematic strategy on prevention 
and recycling of waste, which resulted in a revised Waste Framework Directive in 2008 (EU, 
2008). Article-4 of the directive includes for the first time a legally binding prioritization of waste 
management activities. This 'waste hierarchy' as explained in figure-4 requires that waste 
prevention be prioritized and promoted, and that disposal (mainly landfilling) has the lowest 
priority and be minimized9. The per capita waste generation11 (in kg) by EU-27 countries 
(average) and various individual countries is illustrated in figure-5.  

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 

Figure-4  The EU Waste Management Hierarchy India’s Context 
 
The SWM rules, 2016 emphasize source 
segregation of waste, a basic need for 
channelizing the waste to wealth by 
recovery, reuse and recycle6. 
 
The optimum utilization of all components 
of MSW shall be in a cost effective manner 
by adoption of the “concept of 5-R”-
Reduce, Reuse, Recover ,Recycle and 
Remanufacture concept and minimization 
of waste going to landfill, shall be the 
matter of prime consideration for all urban 
local bodies in India. The ultimate objective 
should be zero waste going to landfills3. 
 

Figure-5  kg per capita Municipal Waste Generation by EU countries 

"Key Elements of the Swedish Waste Management System  
According to Avfall Sverige 2016 “Swedish Waste Management 2016,” the municipalities are responsible for the 
collection of any household waste not covered by producer responsibility and for its transport to waste treatment 
plants for recycling or disposal to landfill. Every municipality is required to have a waste plan and regulations for 
waste management. Sweden has producer responsibility for recyclable paper, packaging, electrical and electronic 
waste, tires, cars, batteries, and pharmaceutical products. Producers are responsible for collecting and disposing of 
end-of-life products. Households are responsible for separating and depositing waste at available collection points. 
Businesses are responsible for disposing of non- household waste and waste that is not covered by producer 
responsibility. At manned municipal recycling centres, households can drop off bulky waste, electronic waste and 
hazardous waste. The producer system, with some 5,800 unmanned recycling stations for handling packaging and 
newspaper, is designed to cover the entire country. Recycling stations have separate containers for newspaper and 
various packaging materials. The waste hierarchy has been incorporated into the Environmental Code. The waste 
treatment methods used in Sweden are material recycling, biological treatment, energy recovery and landfill. The 
municipalities must choose themselves how waste management is organized. Detailed information is available at 
Section-9 of this Report."  
 

Prevention 
 

Preparing for re-use 
 

Recycling 
 

Other recovery 
(e.g energy recovery 

 
Disposal 

(e.g landfill) 
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Material recycling11 in EU-27 
countries has increased from 
16.9% in the year 2001 to 27.8% 
in the year 2014. Maximum 
recycling of material (46.6%) in 
the year 2014 was reported by 
Germany, whereas minimum 
(5%) by Slovakia. The variation 
in municipal waste recycling 
between countries seems to be 
both due to variation in the 
recycling of materials and bio-
waste. The large regional 
differences indirectly indicate the 
influence of regional and local 
policies on the recycling levels of 
municipal waste. EU targets and 
national targets are the overall 
drivers of better municipal waste 
management but regional and 
local implementation is crucial for 
achieving positive results9. 
 
 
Incineration of MSW11 including 
waste-to-energy in EU-27 
countries has increased from 
15.7% in the year 2001 to 33% in 
the year 2014. Maximum 66% 
MSW was incinerated in 
Denmark during the year 2014. 
Sweden incinerated 59% MSW 
during 2014 for generation of 
energy. Figure-7 illustrates the 
%age of waste incinerated in 
various EU countries as well as 
average rate achieved by EU-27 
courtiers.  
 
Landfilling of MSW11 in EU-27 
countries has decreased from 
53.4% in the year 2001 to 27.6% 
in the year 2014. Figure-8 
illustrates the status of landfilling 
of MSW in various EU countries. 
Less than 10% of MSW went for  
landfilling in various EU countries like Switzerland (Nil), Sweden(0.7%), Belgium (0.9%), 
Denmark (1.3%), Germany and the Netherlands (both 1.5%), Norway (2.8%), Austria (4.1%) 
and Estonia (6.4%). Maximum 79.7% waste was landfilled in Malta in the year 2014 followed 
by Cyprus (75.7%), Latvia (79.4%), Bulgaria (69.5%) and Slovakia (66.7%).   

Figure-6 Material Recycling (%age) from MSW by EU countries  

Figure-7 Incineration (%age) of MSW by EU countries  
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Figure-9 explains the trend of the 
disposal of MSW by EU-27 
countries from year 1995 to year 
2014. It is clear that  
 

♦ Landfilling which was 144 
million tonnes in 1995 has 
been reduced to 66 million 
tonnes in 2014 (54% 
reduction). 
 

♦ Incineration has been 
increased by more than 
100% in the year 2014 in 
comparison to the year 1995. 
 

♦ Recycling has been 
increased by 166% from 25 
million tonnes in 1995 to 66 
million tonnes in 2014. 

 

♦ Composting has been 
increased by 170% from 14 
million tonnes in 1995 to 38 
million tonnes in 2014.  

Figure-9  Quantity of MSW Disposed-off in EU-27 by Various Method of Waste Management Hierarchy 

Figure-8 Landfilling (%age) of MSW in EU countries  

Figure-10 %age of MSW Disposed-off in EU-27 by Various Method of Waste Management Hierarchy 
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2.4 Environmental benefits of better municipal waste management  
 

The benefits of shifting municipal waste management up the waste management hierarchy is 
not only limited to more efficient resource use as well as reduced waste burden on the 
natural environment but also offers a way to cut greenhouse gas (GHG) emissions. 
Municipal waste management in European countries has evolved over the last two decades 
from a focus on disposal methods to a greater focus on prevention and recycling. Moving 
municipal waste management up the 'waste hierarchy' (i.e. waste prevention, preparing for 
reuse, recycling, recovery and disposal) is a key way of extracting more value from 
resources while reducing the pressures on the environment. Although municipal waste only 
represents around 10% of total waste, it is very visible and has a diverse composition linked 
to consumption patterns. Countries that have developed efficient municipal-waste 
management systems generally perform better in overall waste management. There is a 
clear link between increasing recycling rates and declining rates of landfilling. In countries 
with high municipal waste-recycling rates, landfilling declines much faster than the growth in 
recycling, as waste management strategies usually move from landfill towards a combination 
of recycling and incineration, and in some cases also Mechanical-Biological Treatment. 
 

2.5 Learnings of Indian Stakeholders from visiting Waste Management sites 
in Sweden 

 

Visit to Ragnsells Högbytorp  
 

Ragnsells is working for last 80 years in 
the area of collection, treatment, 
recovery and clean-up of many types of 
wastes. The aim and objective of facility 
is to contribute towards circular flow of 
materials where more and more of the 
collected waste can be reused or 
recycled. Högbytorp   is one of the leading 
and modern recycling plant and landfill 
facility. The plant was commissioned in 
1964 and employs approximately 100 
staff12.  
 

It receives and treats about 700,000 
tonnes of waste per year. Most of the 
waste comes from industries, 
construction, municipalities and trade 
while a small portion comes from 
households. It includes everything from 
contaminated soil, oily sludge from car 
washings/servicing, organic matter, 
paper, wood, plastic scrap, metals, ash 
and drugs. Facility is having 
authorization for the disposal of both 
hazardous and non-hazardous waste12. 
Major activities of the facility include:  
 

♦ Sorting, processing and recycling all 
types of wastes as per the 
procedure. 
 

♦ Sorting and processing of metals. 
 

♦ Treatment of contaminated soil and 
sludges. 

Figure-11  Landfill Site Plan 

Figure-12  Sanitary Landfill 

Figure-13  Waste Sorting 
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♦ Composting of food/ organic  waste 
 

♦ Temporarily storage of hazardous 
waste prior to transportation to final 
disposal point. 
 

♦ Processioning of paints, solvents 
and greases. 
 

♦ Ash and slag treatment 
 

The recycling of materials not only 
provides a more efficient use of 
resources but also helps in minimization 
of environmental impact thereby helping 
in achieving the Sweden’s National 
Environmental Objectives. 
 
Landfilling : Ragnsells pre-
treats and dispose of the waste in a safe 
manner in compliance with the national 
legislation. Landfills are safe and meet 
all the legal requirements on safety. The 
leachates are treated according to the 
stringent requirements of landfills. The 
landfill gas is being tapped and is used 
for heating and process energy for the 
facility. In addition, gas is also being sold 
to neighboring communities for heat12.  
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure-14  Illustration of Site Plan 

Figure-17 (i) & (ii)  Indian Stakeholders with IVL Team & Facility Incharge  

Figure-15  Silos Facility at Recycling Site 

Figure-16 (i), (ii) & (iii) Hazardous Waste Storage & Recycling Facilities 
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Visit to SÖRAB - A waste management company in Stockholm 
 
SÖRAB is a regional waste management company responsible for waste handling in the 
nine municipalities in western and northern Stockholm namely Danderyd, Järfälla, Lidingö, 
Sollentuna, Solna, Stockholm, Sundbyberg, Taby, Upplands Väsby and Vallentuna. The 
mission of the company is to take care of the household and commercial waste generated in 
all municipalities in an environmentally sound and efficient ways of processing at reasonable 
price. The aim of the company is to recycle most of the waste and to deal with the rest in an 
environmentally acceptable manner. The Lӧt Waste Plant (large waste processing facility) of 
SÖRAB is situated at Roslagen (between Stockholm and Norrtälje). The site is licensed to 
receive 352,000 tons of waste a year.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure-18 Various Municipalities of Stockholm from which the Waste is being Handled by SÖRAB   

Figure-19 Lӧt Waste Facility and Hagby Recycling Facility Managed by SÖRAB   
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The Lӧt Waste Plant is spread over an area of 40 ha, which is inclusive of Waste 
Management Facility (9.9 ha), Landfill (20 ha) and Water Treatment (9.7 ha). The facility has 
following salient features: 
 
Waste Reception Area 
 
It’s a state-of-the-art automated facility. 
After the weighing process, the customer 
reception staff direct the waste carrying 
vehicles to the appropriate part of the 
facility, depending upon the type of 
waste load it carries. The checking of the 
waste load at this point is important and 
requires extensive knowledge and 
secure systems to decide whether the 
waste is to be used as landfill or requires 
special treatment as applicable for the 
category of hazardous substances as 
per the law.     
 
The Sorting Area 
 

The waste loads containing organic 
waste or large amounts of recycling 
material are taken to the specific sorting 
area in the systematic ways. Wood and 
metals are sorted out using excavators 
fitted with grabs. The wood and 
combustible material is chipped-on at 
site and being sent to incineration plants. 
The remnant of sorting process is 
deposited at landfill.  
 
 

Depositing in cells 
 

The landfill area is divided into various 
cells, where waste with different 
properties can be deposited. This helps 
in controlling the leachate water from 
various fractions separately so that it can 
be subjected to different types of 
treatment processes based on the matrix 
of leachate. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure-20 Various Municipalities of Stockholm 

Figure-21 (i) & (ii)  Waste Reception Area  

Figure-22 Waste taken to Sorting Area  

Figure-23 (i) & (ii) Waste Sorting 



13 
 

Recycling Centre 
 

At the recycling center, private citizens from the municipalities deposit their bulky waste free 
of charge. Small business owners can also deposit waste here but pay for it through a “value 
ticket” arrangement. Altogether, 70,000 tons of waste per year is being handled, out of which 
more than 50% is recycled, 8% is composted, 27% is used as fuel and 13% is deposited to 
landfill. Some of the waste is used as construction material.  
 

Leachate water treatment 
 

At Lӧt, leachate water is purified in a local unit that comprised of a variety of filters, aeration 
pools and flood irrigation over a very large area of land. The treated water is finally released 
into water courses after comprehensive characterization of water. The Biological Treatment 
of leachate from old landfill mainly focus on nitrogen removal to an extent of 90%. It also 
helps in preserving heat from the landfill.  
 

Processing contaminated soil 
 

The Lӧt plant is licensed to process more than 100,000 tons of contaminated soil per year. 
The soil is purified through composting and soil cleaning and site also has a permit for 
thermal eatment. The cleaned soil can be used as construction material or intermediate 
covering material at Lӧt or transported from the plant for use in the local community. 
 

Pressure treated wood 
 

Material of this kind is considered hazardous waste and is dealt separately. At Lӧt, pressure 
treated wood is received for chipping and intermediate storage. Some energy plants use 
woodchip as fuel, thus utilizing its energy content. 
 

Ash stabilization 
 

At Lӧt plant, SÖRAB has a unit that mixes the ash from refuse incinerators with cement and 
put it in cells where the cement sets very slowly to form a homogeneous body that is very 
hard to break. The leachate and any runoff water from cells containing ash is bound into the 
cement mix and thereby prevents the contaminants being released into the environment. 
 

Gas extraction 
 

The landfill gas is being exploited at Lӧt plant and is being used for heating the plant building 
as well as nearby facility. The surplus gas is converted into electricity in gas generator. 
 

Stumps become fuel 
 

SÖRAB has developed a technique for extracting all the energy to be found in tree stumps. 
The stumps are spilt, and the sand, gravel and stones are allowed to dry before being rinsed 
away. The stumps are then converted into wood chips.  
 

Figure-25 Waste Processing 

To  
wetland 

Figure-24 Leachate Treatment 
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Figure-26 (i) & (ii) Reuse as a Focus Figure-27 Up-cycling as an Art Form (I) 

Figure-28 Up-cycling as an Art Form (II)  Figure-29 Mobile Recycling Centre  

Figure-30 Recycling Park  
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Figure-32 EU-India Stakeholders at Processing Site  Figure-31  Process Presentation 

European Best Practices would help Indian Stakeholders to prepare “Action Plan” for 
implementation of Solid Waste Management Rules-2016 promulgated by the Ministry of 
Environment, Forests and Climate Change, Government of India6.  
 
Clause 11 (b) of SWM Rules-2016 
 
Duties of the Secretary–in-charge, Urban Development in the States and Union territories 
 
While preparing State policy and strategy on solid waste management, lay emphasis on waste 
reduction, reuse, recycling, recovery and optimum utilization of various components of solid waste to 
ensure minimization of waste going to the landfill and minimize impact of solid waste on human health 
and environment; 
 
Schedule-I (D) of SWM Rules-2016 
 
Criteria for pollution prevention-In order to prevent pollution from landfill operations, the following 
provisions shall be made, namely: 
 
♦ The storm water drain shall be designed and constructed in such a way that the surface runoff 

water is diverted from the landfilling site and leachates from solid waste locations do not get mixed 
with the surface runoff water. Provisions for diversion of storm water discharge drains shall be 
made to minimize leachate generation and prevent pollution of surface water and also for avoiding 
flooding and creation of marshy conditions. 

 
♦ Non-permeable lining system at the base and walls of waste disposal area. For landfill receiving 

residues of waste processing facilities or mixed waste or waste having contamination of 
hazardous materials (such as aerosols, bleaches, polishes, batteries, waste oils, paint products 
and pesticides) shall have liner of composite barrier of 1.5 mm thick high density polyethylene 
(HDPE) geo-membrane or geo-synthetic liners, or equivalent, overlying 90 cm of soil (clay or 
amended soil) having permeability coefficient not greater than 1 x 10-7 cm/sec. The highest level of 
water table shall be at least two meter below the base of clay or amended soil barrier layer 
provided at the bottom of landfills. 

 
♦ Provisions for management of leachates including its collection and treatment shall be made. The 

treated leachate shall be recycled or utilized as permitted, otherwise shall be released into the 
sewerage line, after meeting the standards specified in Schedule- II.. In no case, leachate shall be 
released into open environment. 

 
♦ Arrangement shall be made to prevent leachate runoff from landfill area entering any drain, 

stream, river, lake or pond. In case of mixing of runoff water with leachate or solid waste, the 
entire mixed water shall be treated by the concern authority. 
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Leachate Quality shall meet the criteria as mentioned in Schedule-II (B) of Solid Waste Management 
Rules-2016 promulgated by the Ministry of Environment, Forests and Climate Change, Government 
of India6.  
 

Sl. Parameter Standards (Mode of disposal) 
Inland Surface 

Water 
Public Sewer Land Disposal 

1. Suspended Solids, mg/l, max 100 600 200 
2. Dissolved solids (inorganic), mg/l, max 2100 2100 2100 
3. pH value 5.5-9.0 5.5-9.0 5.5-9.0 
4. Ammoniacal nitrogen (as N), mg/l, max 50 50 - 
5. TKN (as N), mg/l, max 100 - - 
6. BOD3d/27°C, mg/l, max 30 350 100 
7. COD, mg/l, max 250 - - 
8. Arsenic as As, mg/l, max 0.2 0.2 0.2 
9. Mercury as Hg, mg/l, max 0.01 0.01 - 
10. Lead as Pb, mg/l, max 0.1 1.0 - 
11. Cadmium as Cd, mg/l, max 2.0 1.0 - 
12. Total Chromium as Cr, mg/l, max 2.0 2.0 - 
13. Copper as Cu, mg/l, max 3.0 3.0 - 
14. Zinc as Zn, mg/l, max 5.0 15 - 
15. Nickel as Ni 3.0 3.0 - 
16. Cyanide as CN, mg/l, max 0.2 2.0 0.2 
17. Chloride as Cl, mg/l, max 1000 1000 1000 
18. Fluoride as F, mg/l, max 2.0 1.5 - 
19. Phenolic compounds as C6H5OH, mg/l, max 1.0 5.0 - 
Note : While discharging treated leachates into inland surface waters, quantity of leachates being discharged and 
quantity of dilution water available in the receiving water body shall be given due consideration.  

As per annexure-1 (2) of Council Directive 199/31/EC of 26 April 1999 on the landfill of waste15: 
Appropriate measures shall be taken with respect to the characteristics of the landfill and the meteorological conditions 
in order to: 

- Control water from precipitation entering into the landfill body. 
- Prevent surface water and/ or ground water from entering into the landfilled waste. 
- Collect contaminated water and leachate. If an assessment shows that the landfill poses no potential hazard to 

the environment the competent authority may decide that this provision does not apply. 
- Treat contaminated water and leachate collected from the landfill to the appropriate standard required for their 

discharge. 
The above provision does not apply to landfills for inert waste. 
 

As per annexure-1 (3) Protection of soil and water 
♦ A landfill must be situated and designed so as to meet the necessary conditions for preventing pollution of the soil, 

groundwater or surface water and ensuring efficient collection of leachate as and when required. Protection of soil, 
groundwater and surface water is to be achieved by the combination of a geological barrier and a bottom liner 
during the operation/ active phase and by the combination of a geological barrier and a top liner during the passive 
phase/ post closure. 
 

♦ The geological barrier is determined by geological and hydrogeological conditions below and in the vicinity of a 
landfill site providing sufficient attenuation capacity to prevent a potential risk to soil and groundwater. 

 

♦ The landfill base and sides shall consist of a mineral layer which satisfies permeability and thickness requirements 
with a combined effect in terms of protection of soil, groundwater and surface water at least equivalent to the one 
resulting from following requirements:  
- Landfill for hazardous waste   : K ≤1.0 x 10-9 m/s; thickness ≥5 m 
- Landfill for non-hazardous waste   : K ≤1.0 x 10-9 m/s; thickness ≥1 m 
- Landfill for inert waste    : K ≤1.0 x 10-7 m/s; thickness ≥1 m 

Where the geological barrier does not naturally meet the above conditions it can be completed artificially and reinforced 
by other means giving equivalent protection. An artificially established geological barrier should be no less than 0.5 m 
thickness.  
 

In addition to the geological barrier described above a leachate collection and sealing system must be added in 
accordance with the following principles so as to ensure that leachate accumulation at the base of the landfill is kept to 
the minimum 
Landfill category Non-hazardous Hazardous 
Artificial sealing liner Required Required 
Drainage layer ≥0.5 m Required Required 
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3. WASTE WATER AND SLUDGE MANAGEMENT:  
INDIA AND EU  

 
 
3.1 Waste Water Management in India 
 
As per CPCB report on Inventorization of Sewage Treatment Plants18, based on the data 
provided by SPCBs/PCCs, it has been estimated that 816 number of STPs are available with 
the total treatment capacity of 23,277 MLD in class-1 cities & class II towns. Out of 816 
STPs, 522 STPs Operational, 79 STPs Non- Operational, 145 STPs under-construction and 
70 STPs are proposed. It was also reported that maximum STPs are having Activated 
Sludge (ASP) based treatment technology. The estimated sewage generation in the country 
is 60000 MLD. 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
The CPCB report16, 17 further envisages performance evaluation of 152 STPs under NRCD 
spread over 15 states in the country and having total treatment capacity of 4716 MLD. The 
study revealed that the actual treatment capacity utilization was only 3126 MLD (66%). Out 
of the 152 STPs, 30 STPs were non-operational and performance of 28 STPs not 
satisfactory. Out of the 152 STPs, the treated effluent from 49 STPs exceeded the BOD 
standards and with respect to COD, 7 STPs were found violating the general standards of 
Discharge. The large numbers of STPs created under Central Funding schemes such as the 
Ganga Action Plan and Yamuna Action Plan of National River Action Plan are not fully 
operated. The untreated or partially sewage is the main cause of pollution of rivers and 
lakes. Census 2011 shows that only 32.7 per cent urban Indians are connected to a piped 
sewer system and 12.6 per cent (roughly 50 million urban Indians) still defecate in the open. 
The challenge is enormous and needs urgent intervention, which provides both sanitation 
facility and disposal. Large parts of the modern cities remain unconnected to the sewage 
system as they live in unauthorized or illegal areas or slums, where the state services do not 
reach. 
 
Technologies of Sewage Treatment Plants  
 
The Sewage Treatment Plants installed in India under various programmes are based on 
following technologies19, 20 : 
♦ Activated Sludge Process (ASP) 
♦ Biological Filtration and Oxygenated Reactor (BIOFOR) 

Treatment 
capacity not 

available 
36723 MLD (61%) 

Treatment 
capacity existing 
23277MLD (39%) 

Operational 522 Nos. STP 
(18883 MLD) 

Proposed 70 Nos. STP 
(629 MLD) 

Under-construction 145 Nos. STP 
(629 MLD) 

Proposed 70 Nos. STP 
(629 MLD) 

Figure-33 Status of Sewage Treatment in India  
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♦ High Rate Activated Sludge BIOFOR 
♦ Fluidized Aerated Bed (FAB) 
♦ Submerged Aeration Fixed Film (SAFF) 
♦ Cyclic Activated Sludge Process (CASP) 
♦ Waste Stabilization Pond System (WSPS) 
♦ Duckweed Pond System (DPS) 
♦ Facultative Aerated Lagoon (FAL) 
♦ Trickling Filter (TL) 
♦ Upflow Anaerobic Sludge Blanket Reactor (UASB) Process 
 
Sludge Generation during Biological Treatment of Sewage 
 
The solids and bio-solids resulting from sewage treatment operations and processes are 
usually in the form semi-solid or slurry are collectively termed as “Sludge”, which is generally 
used in conjunction with the process descriptor, such as primary sludge, waste-activated 
sludge and secondary sedimentation sludge. The process of sludge generation in sewage 
treatment20 involves following steps:  
 
♦ Pretreatment and primary treatment involves screening, grit removal, equalization and 

the removal of high concentration of solids. 
 

♦ The secondary treatment is the biological process such as activated sludge, extended 
aeration, trickling filters, aerobic and anaerobic lagoons and anaerobic and facultative 
(mixed) ponds.  

 
♦ Typical aerobic process involve the removal of oxygen-demanding dissolved organics 

through microorganisms.  In an activated sludge process, the waste is continuously fed 
into biological reactor (aeration tank) in which bacterial mass, in a desired concentration, 
is maintained in suspension. Organic matter is partially oxidized by the bacterial mass 
and partially converted to excess sludge, which is sent to the sludge beds for drying and 
in this way a desired concentration is maintained 

 
As per CPCB report, the sludge removal / treatment / handling appears to be the most 
neglected area in STPs operation. Though exact data of sludge generation and handling is 
not available, but it is estimated that approximately 5000-10000 tonnes per day sludge is 
generated per day from STP operation and hence needs holistic ways of management. In 
National Capital Territory of Delhi, the sewage generation is 3800 MLD, whereas treatment 
capacity exists for 2423 MLD by means of 35 STPs. The NCT of Delhi generates 750 TPD 
un-digested sludge and 530 TPD digested sludge (source DJB).  
 
 Figure-34 Sludge Generation by Various STPs in Delhi  
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Challenges in Sewage Management in India 
 
The majority of towns and cities have no sewerage and sewage treatment services. Many 
cities have expanded beyond municipalities, but the new urban agglomerations remain 
under rural administrations, which do not have the capacity to handle the sewage. 
Management of sewage is worse in smaller towns. The sewage is either directly dumped 
into rivers or lakes or in open fields. In many cities and towns in India, major portion of 
sewage remains unattended leading to insanitary conditions in densely populated slums. 
This in turn results in an increase in morbidity especially due to pathogens and parasitic 
infections and infestations in all segments of population, particularly the urban slum dwellers. 
As per Root cause of sewage treatment gap may be due to following facts:  
 

♦ Sewer networks for collection and transportation of sewage from households in cities 
and towns are too inadequate to carry it to the STP.  
 

♦ The STP capacities are inadequate due to many reasons. 
 

♦ Poor planning and implementation of sewerage and STP and other appropriate 
sanitation facilities by ULBs due to inadequate financial resources and lack of adequate 
capacity of ULBs in the country.  

 

♦ Large portion of resources are being utilized on manning sewerage system by Urban 
Local Bodies (ULBs) for their operation and maintenance (O&M). 

 

♦ Decline in the standard of services with respect to collection, transportation, treatment 
and safe disposal of treated sewage as well as measures for ensuring safeguard of 
public health, hygiene and environment.  

 

♦ Cities and towns, which have sewerage and sewage treatment facilities, are unable to 
cope-up with the increased burden of providing such facilities efficiently to the desired 
level.  

 

♦ Lack of institutional arrangements and capacity building to conceive planning, 
implementation, procurement of materials, operate and maintain the sewerage system 
and sewage treatment plants (STP) at the desired level of efficiency. 

 
Immediate Areas of Attention 
 
In major cities and in town, in particular the project pilot-cities Delhi and Mumbai, there is an 
intense need for 
♦ Sludge Management 
♦ Augmentation and Up-gradation of Treatment Facilities 
♦ Optimization of existing system for better performance 
  
Keeping in view of above, it is deemed essential to build the capacity of stakeholders to have 
acquaintance with the European Best Practices and exchange of knowledge so that 
processes can be optimized to address various issues pertaining sewage treatment and 
sludge management.   
 
3.2 Waste Water Management in Europe 
 
The Urban Waste Water Treatment Directive (UWWTD) 91/271/EEC establishes minimum 
requirements for collection and treatment of urban wastewater and is one of the key policy 
instruments under the EU water acquis. Implementation of the UWWTD since its adoption in 
1991 has, in particular, significantly reduced discharges of major pollutants such as organic 
load and nutrients, main drivers for eutrophication in waters21,22.  
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The 8th Implementation Report covers 
more than 19,000 towns and cities 
("agglomerations") above 2,000 
inhabitants, generating a pollution 
corresponding to 495 million population-
equivalents (Mpe). 
 
The implementation status21,22 of 
Directive as per the 8th Report SWD 
2016 is as follows: 
 
Article 3 : Collecting systems 
and individual or other appropriate 
systems  
 
Most Member States collect a 
considerable part of their waste waters, 
with an average rate of compliance of 98 
%. 20 Member States reach compliance 
rates of 100%.  
 
Article 4 : Secondary or 
biological treatment  
 
92% of the waste waters in the EU 
received secondary treatment in 
compliance with the provisions of the 
UWWTD. 16 Member States reached 
90-100% compliance, another 5 had 
levels of compliance in the range of 50-
90%. Even though the compliance rates 
in EU-13 Member States are still trailing 
behind, with an overall rate of 68%, 
there has been a substantial 
improvement in comparison to the 
previous Report, in which only 39% of 
the waste waters received appropriate 
secondary treatment. 
 
Article 5 : More stringent or 
tertiary treatment and sensitive areas  
 
Nearly 75% of the territory in the EU is 
now designated as sensitive area. 15 
Member States have designated their 
entire territory as such, whereas 13 
Member States have identified only 
certain water bodies as "sensitive".  
 
Figure-35 represents the compliance 
%age by EU 13, EU 15 and EU 28 
countries with respect to Article 3, Article 
4 and Article 5, whereas Figure 25 
represents the compliance %age of 
member states.  

"Population equivalents" or p.e., term used in the 
UWWTD, covers the organic pollution generated 
by the inhabitants of a village/town, and other 
sources such as non-resident population and 
agro-food industries23. 
 
The generated load or the “size” of the 
agglomeration is expressed in p.e. According to 
Article 2(6) of the Directive, “one population 
equivalent (p.e.) means the organic 
biodegradable load having a five-day biochemical 
oxygen demand (BOD5) of 60 g of oxygen per 
day”23. 

EU-15: Austria, Belgium, Denmark, Finland, 
France, Greece, Germany, Ireland, Italy, 
Luxembourg, the Netherlands, Portugal, Spain, 
Sweden.  

EU-13: Bulgaria, Croatia, Cyprus, Czech 
Republic, Estonia, Hungary, Latvia, Lithuania, 
Malta, Poland, Slovakia and Slovenia (for certain 
interim deadlines). 

Figure-36 Compliance Status of EU member States  

Figure-35 Compliance Status of EU 13; EU 15; EU 28 
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The implementation of EU Directive can be summed-up as: 
 

♦ The implementation of the UWWTD has significantly reduced organic and nutrient 
pollution load discharges in the EU and therefore plays a key role to achieve good 
environmental status of marine and fresh waters.  
 

♦ Despite challenges such as substantial investment needs and long-term planning, high 
compliance rates are reached in EU-15. In EU-13, still significant compliance gaps exist, 
especially on treatment. Reinforced action and investments are needed to reach full 
compliance within reasonable time delays.  
 

♦ Implementation programmes show that Member States plan significant investments to 
close the compliance gaps by constructing waste water infrastructure. Member States 
need to continue to collect the necessary information to timely identify future investment 
needs and operation costs, and to improve or maintain the performance of their current 
systems.  
 

♦ Additional efforts are needed to improve the quality and the timeliness of the data 
reported on the implementation of the UWWTD. To this end, processes and tools are 
being revised and developed by the Commission in collaboration with EEA and Member 
States.  
 

♦ Investments in innovative technologies are essential to make the water industry more 
resource efficient and also contribute to job creation and economic growth 

 
The status of Urban Waste Water 
Treatment Plants in Sweden21 
 
During year 2012, Sweden has reported 
367 agglomerations ≥ 2,000 p.e. with a total 
generated load of 12,662,995 p.e. 100% of 
the total generated load of all 
agglomerations ≥ 2,000 p.e. was reported 
to be collected in a collecting system. All 
agglomerations have installations for 
secondary treatment and more stringent 
treatment installations in place. But not all 
agglomerations show complying monitoring 
results for secondary treatment (97.4% 
compliance) and more stringent treatment 
(95.6% compliance) installations in place. 
Sweden documented 13 big cities with a 
total generated waste water load of 
6,278,305 p.e.  
 
There are 376 numbers of Urban Waste 
Water Treatment Plants and out of that 306 
numbers of plants (having 97.5% of 
wastewater load) are in accordance with 
the requirement of secondary treatment 
(Article 4) and 127 numbers of plants 
(having 89.4% of waste water load) are 
meeting the requirements of more stringent 
treatment (Article 5). 
 
 

Figure-37 WW Installations in Place in Sweden 

Figure-38  WW Treatment Compliance in Sweden 
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Production of sludge, its re-use & disposal in Sweden22 
 
Sweden produced 207,460 tons of sludge in the year 2012. The main destination of the 
sludge is the re-use in soil and agriculture (56%). 
 

 
 
 
3.3 Learnings of Indian Stakeholders from visiting Waste Water Treatment 

plant in Sweden 
 
Visit to Hammarby Sjöstadsverk (HSSV) 
 
Stockholm Vatten AB (SVAB) is the 
largest water company in Sweden. SVAB 
treats wastewater from, and supplies 
drinking water to, more than one million 
people in the Stockholm area. In order to 
cope with an expanding city, SVAB is 
planning a major expansion of the largest 
wastewater treatment plant (WWTP) in 
Stockholm, Henriksdal WWTP, to be able 
to handle wastewater from approximately 
1.6 million people in the future. To be able 
to handle these loads, membrane 
bioreactor (MBR) technology will be used in 
the process22. The design of the plant is 
864 MLD Peak Daily Flow (PDF) and 536 
MLD Average Daily Flow (ADF). 
 
The MBR is being installed by GE and its LEAPmbr technology will help Stockholm Vatten to 
expand the capacity of the facility and produce higher quality effluent to meet Sweden's 
environmental commitments under the Baltic Sea Action Plan (BSAP) and the European 
Union Water Directive. The Henriksdal facility will treats two-thirds of Stockholm's municipal 

Figure-39 Membrane Biological Reactor 
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wastewater. Located in the center of Stockholm, it incorporates over 18 kilometers of tunnels 
blasted into rock and that presents a challenge when it comes to expanding its capacity in 
the same relative footprint. LEAPmbr is based on GE's Zee Weed 500 membrane, an 
advanced ultrafiltration technology that separates solids, bacteria and viruses from water or 
wastewater. When the upgrade is completed, the plant will process up to 864 million liters of 
wastewater per day. "Considering the more stringent effluent requirements for nitrogen and 
phosphorus removal under the BSAP and E.U. Water Directive, GE's LEAPmbr technology 
is the right solution for the Henriksdal retrofit project" 
 
Hammarby Sjöstadsverk (HSSV) is a 
research facility for water and wastewater 
treatment, owned and operated by a 
consortium led by IVL and the Royal 
Institute of Technology (KTH) in Stockholm. 
It is located close to Henriksdal WWTP, 
and there is close cooperation between IVL 
and SVAB. A pilot scale wastewater 
treatment line, built as a smaller copy of the 
future Henriksdal WWTP at Hammarby 
Sjöstadsverk, is in operation to study and 
confirm the selected process for expansion 
of Henriksdal WWTP. The process consists 
of an activated sludge treatment line in 
combination with a membrane bioreactor 
(MBR). The pilot scale MBR treatment line 
at Hammarby Sjöstadsverk has now been 
in operation since September 2013. 
Henriksdal WWTP will implement hollow 
fiber membranes, the pilot scale MBR is 
also using hollow fiber membranes. 
 
The objective of pilot scale treatment line at 
Hammarby Sjöstadsverk, including 
activated sludge treatment and a MBR with 
hollow fiber membranes, is to fine-tune and 
optimize the process to meet the required 
target effluent limits. The general scope of 
the project is to follow and document the 
startup, fine-tuning and operation of the 
pilot scale treatment line, including all steps 
of startup, possible problems encountered, 
results and experiences. This would 
eventually be able to serve as a basis for 
starting up the full scale MBR process at 
the Henriksdal WWTP.  

 

 
 
 
 
 
 

Figure-40 Visit to Pilot Facility of MBR 

Figure-41 Pilot Facility for World Largest  MBR 

Figure-42 Process Understanding  

Figure-43 Indian Stakeholders & Facility Staff 
Figure-44 Biogas Plant at Hammarby Sjostadsverk 



24 
 

About World Largest MBR Wastewater Treatment Plant at Stockholm25 
 
Wastewater has been treated in Stockholm since 1932. Since then, the city has set-up four 
treatment facilities to treat and manage its wastewater. Stockholm Vatten (SV), the City of 
Stockholm’s water company, operates two large wastewater treatment plants (WWTP), the 
Bromma WWTP (320,000 population equivalents) and the Henriksdal WWTP shown in 
Figure 34 (780,000 population equivalents). The latest upgrade to the wastewater treatment 
facilities was done in the 1990s when the city was mandated to produce a combined effluent 
meeting 10 milligrams of Total Nitrogen, 0.3 milligrams of Total Phosphorous and 8 
milligrams of BOD per liter of effluent produced. At this time a more significant upgrade was 
done at the Henriksdal facility for nutrient removal, increasing process volumes, adjusting 
the biological configuration, and adding sand filtration. While SV was able to meet the 
combined requirements, less work was done at the Bromma facility leaving it unable to meet 
the requirements on its own. 
  
 

 
 
 
 
 
 
Looking ahead, Sweden has committed to the Baltic Sea Action Plan (BSAP) and EU Water 
Directive calling for more stringent discharge requirements into local receiving water bodies. 
As well, the city of Stockholm is currently one of the fastest growing cities in the Europe, 
growing at a rate of 1.5% per year, creating a need for increased capacity. 
 
Way Forward  
 
SV conducted several feasibility studies to determine the best path-forward for its 
infrastructure assets. These studies allowed SV and local officials to consider many factors 
in making a decision including: overall economics, potential new locations, a long-term 

Figure-45  Schematic View of Henriksdal Underground WWTP25  
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sustainable solution, the city’s development plan, use of existing infrastructure, potential for 
over-flow to Lake Mälaren, and impacts of different dis-charge points. The resulting decision 
was to close the Bromma WWTP, build a tunnel to convey wastewater to the Henriksdal 
facility and upgrade the Henriksdal WWTP with membrane bioreactor (MBR) technology.  
 
 
Design Consideration : The existing Henriksdal facility is built into a mountain 
with residential buildings built on top. The entire upgrade of the facility required to be done in 
the existing footprint and any additional tank volume required to be blasted from what is 
available in the rock structure. The upgraded Henriksdal facility is designed to treat 
wastewater as per the design given below. 
 
 

Parameter Influent Effluent Requirements 
   
Average Daily Flow 535,680 m3/d  
Peak Daily Flow 864,000 m3/d  
Temperature 8 to 19°C  
Suspended Solids 60,000 kg/d 2 mg/l (daily average) 
BOD 58,000 kg/d 6 mg/l (quarterly average)  
Total N 17,500 kg/d 6 mg/l (annual average) 
Ammonia-N - 2 mg/l (monthly average May to Oct) 
Total Phosphorous 1,500 kg/d 0.2 mg/l (quarterly average) 

 
 
Technical Details : GE is supplying 
ZeeWeed 500d and LEAPmbr membrane 
configuration for the WWTP. The plant is split into 
seven hydraulically separated biological trains. The 
biological upgrade will involve phosphorous 
removal through pre-precipitation with provision for 
post-precipitation in the membrane tanks, and 
nitrogen removal through pre-de-nitrification 
followed by post de-nitrification using supplemental 
carbon. The fourteen existing secondary clarifiers 
will be retrofitted to become the membrane 
filtration system. Restrictions on the sizing of these 
tanks and a fixed ceiling height have created a 
challenge physically fitting the membranes 
cassettes in the tanks and having overhead 
access.  
 
 
Technical Specification of ZeeWeed 500D Module  
 
Product Width (A) 

mm (in) 
Height (B) 

mm (in) 
Depth (C) 
mm (in) 

370; 340 844 (33.2) 2198 (86.5) 49 (1.9) 
440 52 (2.05) 
300s 1835 (72.25) 49 (1.9) 
350s 52 (2.05) 

 

Figure-46  Design of ZeeWeed 500D25  
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(i) Module properties 
 
Application Product Nominal 

membrane 
surface area 

m2 (ft2) 

Maximum 
shipping 
weight 
kg (Ib) 

Material Nominal 
pore size 

(µm) 

Surface 
properties 

Fiber 
diameter 

(mm) 

Flow Path 

MBR 370 34.4 (370) 28 (61) PVDF 0.04 Non-ionic & 
Hydrophilic 

OD : 1.9 
ID : 0.8 

Outside-In 
300s 27.9 (300) 24 (53) 

Non-MBR 440 40.9 (440) 32 (70) 
350s 32.5 (350) 26 (57) 

All 340 31.6 (340) 28 (61) 
 
(ii) Operating and Cleaning Specification 
 
Application Product TMP 

Range  
kPa (psig) 

Max. 
operating 

Temp °C (°F) 

Operating 
pH range 

Max. 
Cleaning 

Temp °C (°F) 

Cleaning 
pH range 

Max. Cl2 

concentration 
(ppm) 

MBR 370, 340, 300s -55 to 55 
(-8 to 8) 

 
40 

(104) 

 
5.0-9.5 

 
40 (104) 

 
2.0-10.0 

(30-40°C) 

 
1000 

Non-MBR 440, 340, 350s -90 to 90 
(-13 to 13) 

 
Technical Specification of LEAPmbr 
 
It has following salient features 
♦ Increased Surface Area ZeeWeed Module 
♦ Simplified Aeration Piping 
♦ Optimized Tank Design 
♦ Increased ZeeWeed Productivity 
♦ Lower Energy LEAP Aeration Technology 
♦ Reduced Blower Size 
 
 
 
 
 

 
 

Increased surface 
area ZeeWeed 

module 

Simplified 
aeration 
piping 

No air 
cycling 
valve 

Optimized tank 
design 

Increased ZeeWeed 
productivity 

Lower Energy Leap 
Aeration Technology 

Reduced Blower Size 

Figure-47  Design of LEAPmbr25  
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Significant Aspects of Membrane Biological Reactor Technology 

 
The concept of MBR system consists of utilizing a bioreactor and microfiltration as one unit process for 
wastewater treatment thereby replacing, and in some cases supplementing, the solids separation 
function of secondary clarifier and effluent filtration. Membrane processes are classified based on 
membrane pore size, mechanism, membrane material and configuration. The commercially 
successfully membrane separation processes are Micro-filtration (0.1 -0.2 µm) Ultra-filtration (0.002- 
0.1 µm) and Nano-filtration (0.0001- 0.001 µm). All the three processes rely on hydrostatic pressure 
differences for filtration20, 26.  Membranes are usually made from ceramic and organic polymer materials 
but metallic membranes also exist. The most widely used commercially successful membranes are 
made from cellusloses, polyamides, polysulphone and polymeric substances such as polyvinylidene 
difluoride (PVDF) polyacrylonitrile (PAN), polyethylsulphone (PES), polyethylene (PE), and 
polypropylene (PP). These polymeric membranes have good chemical and physical resistance20, 26,27.  
 
The ability to eliminate secondary clarifier and operation at high MLSS concentration provide 
advantages such as (i) higher volumetric loading rates and thus shorter reactor hydraulic retention 
times (ii) longer SRTs resulting in less sludge production (iii) operation at low DO concentrations with 
potential for simultaneous nitrification-denitrification in long SRT design (iv) high quality effluent in 
terms of low suspended solids and BOD and (v) less space requirement. The disadvantages of MBR 
(i) high capital costs (ii) potential high cost for membrane replacement (iii) higher energy costs and (iv) 
the need to control membrane fouling20.        
 
Membrane fouling remains a major drawback of MBR as it significantly reduces membrane 
performances and membrane lifespan, leading to an increase in maintenance and operating costs. 
Membrane fouling in MBRs is attributable to suspended particulates (microorganisms and cell debris), 
colloids, solutes, and sludge flocs. These materials deposit onto the membrane surface and into the 
membrane pores, clogging the pores, and leading to a decline in the permeability of the membrane. 
The heterogeneous nature of suspended solids and active microorganisms in mixed liquor suspended 
solids (MLSS) makes membrane fouling an inevitable challenge that is difficult to control in long-term 
MBR applications.  
 
Membrane fouling mitigation in MBRs has been one of the key areas of extensive research in order to 
enhance the wider application of the MBR technology in wastewater engineering. Fouling in MBRs 
occurs in different forms, namely, pore narrowing, pore clogging and, cake formation. Pore clogging 
refers to the blocking of membrane micro pores by foulants. Pore clogging depends, to a large extent, 
on the size of the particle and the membrane pore size. The attachment of the materials in the pores is 
aided by sticky substances in the solution. Cake formation, on the other hand, results from the 
continuous accumulation of bacteria clusters, biopolymers and inorganic matter, which form a layer 
(biocake) on the membrane. The cake layer increases membrane filtration resistance. In operational 
terms, membrane fouling decreases the permeate flux when the MBR is operated at constant trans-
membrane pressure (TMP), and results in the increase of TMP when the MBR is operated at constant 
permeate flux. At constant flux operation, a sharp increase in TMP indicates severe membrane fouling. 
This sudden TMP increase is called a “TMP jump”. TMP jump has been described as a three-stage 
process20,26:  
 

Stage 1  An initial “conditioning” fouling, which is caused by initial pore blocking and solutes 
adsorption;  

 

Stage 2 Linear or weakly exponential gradual rise in TMP due to biofilm formation and further 
membrane pore blocking; and  

 

Stage 3 A sudden rapid increase in the rate of TMP rise (dTMP/dt). This stage is considered to 
be the consequence of severe membrane fouling, and is believed to be due to 
successive closure of pores and changes to the local flux resulting from fouling, which 
causes local fluxes to exceed the critical value, hence, acceleration of particle 
deposition and sudden changes of the cake layer structure. Bacteria in the inner 
biofilms tend to die due to oxygen limitations, thereby releasing more EPS. Once 
stage 3 occurs, membrane cleaning is required. The practical implication of this is that 
a delay in stage 3 will allow for a reduction in membrane cleaning frequency, which 
will ultimately result in MBR operational cost savings. Thus, one key objective of 
fouling control is to retard TMP jump through modification of sludge characteristics 
(MLSS, floc size, EPS content, and apparent viscosity) or lowering of operational flux. 
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Figure-48  Broad Flow Diagram: Convention ASP and ASP/ MBR Technology  

Precautions to Control/ Minimize Membrane Fouling  
 
In the activated-sludge reactor, biomass coats the outer layer of the membranes used in an 
integrated MBR during effluent withdrawal. Finer particles may penetrate the inner pores of 
the membrane, thereby causing an increase in pressure loss. Continuous membrane 
fouling control methods are used during the operation of the MBR, with periodic more 
aggressive cleaning to maintain the filtration capacity of the membrane20. 
 
Factors Affecting Membrane Fouling in MBR: Membrane Characteristics26, 27 
 
Factor Effect on membrane 
   

♦ Membrane Material : Ceramic membranes are hydrophilic, hence they foul 
less. Polymeric membranes are mostly hydrophobic 
and exhibit more fouling 
 

♦ Water affinity : Increasing hydrophilicity indicates less membrane 
fouling propensity while hydrophobicity correlates well 
with increase propensity for membrane fouling 
 

♦ Membrane surface roughness : Membrane fouling tends to increase with increasing 
surface roughness as the rough surface provides a 
valley for the colloidal particles in the wastewater to 
accumulate on. However, higher projections on the 
membrane surface exhibits higher antifouling property 
and better permeability recovery after back-flushing 
than gentle roughness. 
 

♦ Membrane surface charge : The colloidal particles depositing on the membrane 
makes them negatively charged, hence they can 
attract cations in the MLSS, such as Ca2+ and Al3+ 
leading to inorganic fouling 
 

♦ Membrane pore size : Increasing membrane pore size increases the 
tendency for pore blocking mechanism 
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Factors Affecting Membrane Fouling in MBR: must optimize Operational Conditions26, 27  
 
Factor Effect on membrane 
♦ Operating mode : Operating in cross-flow filtration mode reduces cake 

layer formation on the membrane surface 
 

♦ Aeration : Increasing aeration rates results in a reduction in 
membrane fouling 
 

♦ Solid Retention Time (SRT) : Operating at high SRTs reduces the production of 
EPS, hence reduced fouling. However, extremely high 
SRTs rather increase membrane fouling due to the 
accumulation of MLSS and increased sludge viscosity 
 

♦ Hydraulic Retention Time (HRT) : Decreasing HRTs results in increasing rate of 
membrane fouling. However, extremely high HRTs 
leads to an accumulation of foulants 
 

♦ Food-Microorganism (F/M) 
Ratio 

 The rate of membrane fouling in MBRs increases with 
increasing F/M ratio due high food utilisation by 
biomass resulting in increased EPS production 
 

♦ OLR : Membranes foul more as OLR increases 
 

♦ COD/ N Ratio : ♦ Operating at higher COD/N ratio reduces rate of 
membrane fouling, improved membrane 
performance and a longer operation period before 
membrane cleaning 

 

♦ On the contrary, other studies found that low 
COD/N ratio results in lower MLSS concentration, 
lower SMPs production, lower carbohydrates, 
proteins, and humic acids in loosely bound EPS 
and hence, low membrane fouling 
 

♦ Temperature : Low temperatures increase the propensity for 
membrane fouling as more EPS are released by 
bacteria and the number of filamentous bacteria 
increases. Sudden temperature changes also increase 
fouling rate due to spontaneous release of Soluble 
Microbial Products (SMPs) 

 

Factors Affecting Membrane Fouling in MBR: must optimize Feed Biomass 
Characteristics26, 27 
 

Factor Effect on membrane 
♦ Mixed liquor suspended solids  : ♦ Increasing MLSS correlate with increased rate of 

membrane fouling 
 

♦ Other studies report no (or little) effect of MLSS on 
membrane fouling 

 

♦ Sludge apparent viscosity : Increasing the viscosity results in increased membrane 
fouling 
 

♦ Extracellular polymeric 
substances  

: Increase in the concentration of EPS (bound EPS and 
SMPs) result in membrane fouling 
 

♦ Flocs. size : Decrease in flocs. size increases membrane fouling 
 

♦ pH : Decrease in pH results in increased rate of membrane 
fouling 
 

♦ Salinity : Increasing salinity increases membrane fouling by 
altering biomass characteristic like more release of 
bound EPS and SMPs, floc size and zeta potential 
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Additional measures to Control Membrane Fouling in MBR 
 
The addition of coagulants and adsorbents has also shown significant membrane fouling reduction as 
reported by some researchers but further research is needed to establish optimum dosages of the 
various coagulants and adsorbents in order to strike a balance between cost savings arising from 
fouling abatement and the cost of the additives and handling of the resulting sludge. Aerobic 
granulation is a promising biotechnology that targets biofouling and organic fouling. It is also reported 
that integrating aerobic granulation with MBRs show significant reduction in membrane fouling as well 
as enhanced organics and nutrients removal. However, Aerobic Granular MBR is still in the 
development phase. Further research is needed to establish the EPS-membrane fouling relationship in 
AGMBR and optimum operating conditions on real wastewater applications26, 27. 
 

A method developed by Zenon Environmental to control fouling on the outside surfaces of the 
membrane fibers involves a three step process20: 
 

♦ Mechanical Scouring : The coarse bubble aeration is to be provided at the bottom 
of the membrane tank directly below the membrane fibers. The air bubble flow upward between the 
vertically oriented fibers, causing the fibers to agitate against one another to provide mechanical 
scouring.  
 

♦ Back-flushing  : The filtration has to be interrupted about every 15 to 30 
minutes and the membrane finers are backwashed with permeate for 30 to 40 seconds. The 
system remains online during back-washing and the total time for back-flushing is to be about 45 
minutes per day. Typically, a low concentration of chlorine (<5 mg/l) is to be maintained in the 
back-flush water to inactivate and remove microbes that colonize the outer membrane surface. 
 

♦ Maintenance Clean : About three times per week, a strong solution of sodium 
hyprochlorite (100 mg/l) or citric acid is to be used in the back-flush mode for 45 minutes after that 
the system is to be flushed with permeate for 15 minutes. An additional permeate flush-to-drain 
operation is to be performed for 10 to 15 minutes to purge the system of free chlorine once the 
vacuum is initiated. The total system downtime during a maintenance clean is about 75 minutes.    

 

The combination of air scour, back-flushing and maintenance cleaning may not be completely 
effective in controlling membrane fouling, and the pressure drop across the membrane 
increases with time. The pressure drop across the membrane is to be monitored to indicate 
fouling problems and cleaning needs. At the maximum operating pressure drop of ~60 kPa, the 
membranes are to be removed from the aeration basin for recovery cleaning during which, a 
membrane cassette is to be soaked in a tank containing 1500 to 2000 mg/l sodium hypochlorite 
solution for about 24 hrs. Spare membranes are typically installed in the aeration tank during 
recovery cleaning to continue uninterrupted treatment. A similar fouling control procedure has 
been reported for the Mitsubishi Membrane. In the KUBOTA MBR process, the flat-plate 
membranes are not removed for cleaning and an infrequent back-flush with a 0.5 percent 
solution of hypochlorite has been shown to be effective20.       
 

Typical Operation and Process Data for a Membrane Bioreactor20 
 

Parameter Unit Range 
 

Operational Data 
COD loading kg/ m3.d 1.2 - 3.2 
MLSS mg/l 5000 - 20000 
MLVSS mg/l 4000 - 16000 
F/M g COD/ g MLVSS.d 0.1 - 0.4 
SRT d 5 - 20 
HRT (τ) h 4 - 6 
Flux L/m2.d 600 - 1100 
Applied vacuum kPa 4 - 35 
DO mg/l 0.5 - 1.0 

 
Performance Data 
Effluent BOD mg/l <5 
Effluent COD mg/l <30 
Effluent NH3 mg/l <1 
Effluent TN mg/l <10 
Effluent Turbidity NTU <1 
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3.4 Visit of Indian Stakeholders to Wastewater Treatment Plants in  Denmark 
 
 
At Roskilde Utilities, five sewage treatment 
plants (total capacity 23,100 m3 per day), 
work around the clock to clean wastewater in 
Roskilde Municipality. The wastewater is 
channeled to Roskilde five wastewater 
treatment plants through almost 1,000 km of 
sewer system and over 200 pumping stations 
spread throughout the municipality. The 
waste water is treated before it is discharged 
to the Roskilde Fjord, lakes or streams. 
 
The Wastewater Treatment Plant in 
Roskilde Utilities includes the: 
♦ Bjergmarken treatment plant 
♦ Jyllinge treatment plant 
♦ Ågerup treatment plant 
♦ Gadstrup treatment plant 
♦ Viby wastewater treatment plants 
 
 

 
 
 
 
 

 
 
 

Figure-49 Process Understanding 
Figure-50  Roskilde Municipality Map 

Figure-51 (i), (ii) & (iii) STP Process Survey 
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3.5 Participation of Indian Stakeholders in Holistic Sludge Management 
Conference at Malmӧ June 7-9, 2016 

 
The purpose of this conference was to provide a forum for practitioners to exchange the 
latest developments regarding holistic sludge management. It gave possibilities to examine 
and discuss the different challenges connected to resource recovery through treatment and 
handling of wastewater. The conference covered sludge management and resource 
recovery from wastewaters within a broad holistic system perspective. It included energy 
recovery and quality assurance of sludge as a prerequisite for enabling sludge to be 
recycled to farmland as well as different upstream or downstream processes and procedures 
for recycling of nutrients such as phosphorus and nitrogen in more refined ways. The main 
goal has been to share knowledge, practices and ideas for the future directions of process 
development of wastewater handling and the sludge treatment as well as taking a major step 
forward by addressing various aspects of sludge management based on the experience of 
various countries in following areas: 
♦ Energy Recovery by Anaerobic Digestion Process Design  
♦ Pathogenic Aspects of sludge Re-use 
♦ Anaerobic Digestion Pre-treatment 
♦ Enhancement of Anaerobic Digestion Process 
♦ Incineration of Sludge and Handling of Ashes 
♦ Recycling of Material including Nutrients with particular focus on phosphorous recovery. 
♦ Synthesis of PHA from phosphorous. 
♦ Influence of Microbiology on Sludge Management 
♦ Sludge Management in German and Swedish Perspectives  
♦ Certification in Sludge Management 
♦ Life Cycle Assessment Tools for Sludge Management 
♦ Toxicity Aspects in Sludge Management 

New research ideas significant to the context of India, emerged from HSM-2016 at Malmo   
 

(i) Phosphorous recovery from sewage sludge 
(ii) Recovery of Polyhydroxyalkanoates (PHA) from sewage sludge 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Why research on phosphorous recovery from sewage sludge is significant for India? 
 

♦ India is the second largest consumer of phosphate based fertilizer after China and current consumption rate is 19% of 
the world. Current annual demand is 26.5 million tonnes29.  

♦ There imports rock phosphate or processed phosphate to meet the demand of fertilizer and phosphoric acid industry. 
♦ The rock phosphorous reserves are limited in India and are mainly found in Rajasthan and Madhya Pradesh. 
 

Sewage as a source of Phosphorous 
Domestic sewage (as estimated 60 billion litres per day generation in urban areas only) is a rich source of phosphorous as 
it is available ranging from 0.8 to 4 gram per capita per day (P)28 and 50% reduced in treatment. The current sewage 
treatment capacity of country is only 24 billion litres per day. The availability of phosphorous in sludge is 5-10 % by mass. 
Hence, current potential of phosphorous availability in sewage sludge is upto 1000 tonnes per day, which would increase 
substantially with the augmentation of sewage treatment capacity. Hence, recovery of phosphorous from sewage 
sludge is a potential area of research to make India self-reliant with respect to production of fertilizers. Otherwise, 
the presence of phosphorous in sewage/ sludge is detrimental to wetlands due to pollution by means of 
“eutrophication”.      
 

Why research on PHA recovery from sewage sludge is significant for India? 
 

Polyhydroxyalkonates (PHA) are biodegradable plastics that are synthesized by microbial fermentation of glucose or 
sugar. PHA has been used in the fixation and orthopedic applications, tissue engineering, production of bioplastic, food 
services, in packaging, pharmaceutical industries and agriculture. Innovative properties of PHA can bring additional value 
to the applications in which these are being used. It is expected that further research & process optimization in the 
synthesis of PHA from waste would help in making it an alternative to the conventional plastic31. 
 

Waste treatment by alternating aerobic and anaerobic conditions like enhanced biological phosphate removal (EBPR) can 
be an effective process in respect to concurrent implementation of PHA production using enriched activated sludge 
synthesis of PHA by Phosphorous Accumulating Organisms (PAO), with energy derived from polyphosphate breakdown 
(release of phosphorous) under anaerobic phase and later utilize the stored form of PHA to restore poly phosphate and 
sustain normal metabolic activities30.  
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3.6 Technical Tour of Indian Stakeholder’s to Kretseum Natural Cycle  
 
Kretseum is the name of VA SYD’s 
educational activities and consists of 
Kretseum- Cycle and Knowledge Centre, 
Hyllie water and study of wastewater 
treatment plant. Kretseum - cycle and 
knowledge center is the hub of 
activity. The house is located in Malmo, 
next to Hyllie water. How water, waste 
and energy are managed in a 
sustainable city are being showcased in 
an inspiring and interactive ways. The 
exhibition takes visitors on a journey 
through the city that demonstrates how 
important it is to live sustainably and 
make conscious choices in everyday life. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure-52   Kretseum – Cycle and Knowledge Center 

Figure-53   Hyllie Water Park 

Figure-54 (i) & (ii)   Visit to agriculture field at Malmӧ 

Figure-55   Stakeholders at Malmӧ 
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4.   WASTE TO BIOGAS  
 
 
4.1 Biogas Potential in India 
 
Biomass resources such as cattle dung, agricultural waste and other organic wastes have 
been one of the main energy sources for mankind since the dawn of civilization. There is a 
vast scope to convert these energy sources into biogas which is a clean, low carbon 
technology for efficient management and conversion of fermentable organic wastes into a 
cheap and versatile fuel and bio/organic manure. Biogas obtained by anaerobic digestion of 
cattle dung and other loose and leafy organic matter/biomass waste can be used as an 
energy source for applications like cooking, heating, space cooling/refrigeration, electricity 
generation and as gaseous fuel for vehicular application32, 33.  
 
Biogas is an important renewable energy resource for rural areas in India. India is 
implementing one of the world‟s largest programmes in renewable energy. The country 
ranks second in biogas utilization. Biogas can be generated and supplied round the clock in 
contrast to solar and wind, which are intermittent in nature. Biogas plants provide three-in-
one solution of gaseous fuel generation, organic manure production and wet biomass waste 
disposal/management. Biogas is a product of bio-methanation when fermentable organic 
materials such as cattle dung, kitchen waste, poultry droppings, night soil waste, agricultural 
waste etc. are subjected to anaerobic digestion in the presence of methanogenic bacteria. 
This process is better as the digested slurry from biogas plants is available for use as 
bio/organic manure in agriculture, horticulture and pisciculture as a substitute or supplement 
to chemical fertilizers. In contrast, when biomass is subjected to combustion or gasification 
process, it ends up in the destruction of biomass and only ash is left after extraction of 
energy. Therefore, the bio-methanation process of converting biomass into gaseous fuel is 
superior and sustainable process that to be preferred for such biomass material that can be 
processed in biogas plants32-33. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Complex organic matter 
Carbohydrates, Proteins, Fats etc. 

Simple organic compounds 
Sugar, Amino acids, Fatty acids 

Organic acids and alcohols 

H2, CO2 
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Hydrolytic Bacteria 

Acidogenic Bacteria 

Acetogenic Bacteria 
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Methanogenesis 

Figure-56   Biogas Production Process 
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Based on the availability of cattle dung from about 304 million cattle, there exists an 
estimated potential of about 18,240 million cubic meter of biogas generation annually. This 
also include 3118 million cubic meter per annum production of biogas from 12 million family 
size biogas plants. There are more than 300 distilleries throughout India, which together 
have the estimated potential of 1507 million cubic meter biogas per annum. Total raw biogas 
potential of India is estimated to 48383 million cubic meter per annum from all sources32, 33,34. 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure-57 Estimated Biogas Potential of India from All Sources 

 The chronology of biogas technology development in India32, 33, 34, 39 
 
1897 : Biogas from human waste to meet lighting needs at the Matunga Leper Asylum, Bombay. 
1939 : Principle of biogas production from cattle dung was first evolved at the IARI, New Delhi. 
1951 : Field-worthy model of floating drum type biogas plant developed 
1961 : Khadi and Village Industries Commission (KVIC) took up floating drum type biogas plant for 

extension. 
1979 : Fixed dome Janta model biogas plant developed by the biogas research station, Ajitmal, 

Etawa, U.P. 
1980 : UASB technology developed for medium and large size biogas plants for processing urban 

and industrial biomass wastes. 
1981-82 : National Project for Biogas Development (NPBD) to cater to family size biogas plants 

launched. 
1986 : Deenbandhu model fixed dome biogas plant developed by Action for Food Production 

(AFPRO), New Delhi. 
1988 : BIS standard adopted for biogas stoves. 
1989-90 : BIS standards adopted for KVIC type Pragati and Deenbandhu with brick masonry models of 

biogas plants. 
2002-03 : NPBD modified and renamed as National Biogas and Manure Management Programme 

(NBMMP) 
2006 : Biogas based decentralized power/energy generation programme launched. 
2008-09 : New initiative taken for technology demonstration on biogas bottling (BGFP) under RDD&D 
2011 : MNRE supported first biogas bottling project commissioned. 
2013 :  Indian Standard on Biogas (Biomethane) IS: 16087 adopted. 

 Scheme launched on biogas bottling under programme on energy from urban, institutional 
and agricultural waste/ residues. 
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Biogas is an environment friendly, 
clean, cheap and versatile fuel. It 
generally comprises of 60-65 per 
cent CH4, 35-40 per cent CO2, 0.5-
1.0 per cent hydrogen sulphide, rest 
being water vapour etc. It is a non-
toxic, colourless and flammable gas. 
It has an ignition temperature of 
650-750°C. Its density is 1.214 kg/ 
m3 (assuming about 60 per cent 
methane and 40 per cent CO2). Its 
calorific value is 20 MJ/m3 (or 4700 
kcal). It is almost 20 per cent lighter 
than air. Biogas, like liquefied 
petroleum gas (LPG), cannot be 
converted into the liquid state under 
normal temperature and pressure. 
Critical temperature required for 
liquefaction of methane is -82.1°C at 
4.71 MPa pressure, therefore use of 
biogas is limited nearby the biogas 
plant.Purified biogas (bio-methane) 
has a higher calorific value in 
comparison to raw biogas32,33,34.  
 
The presence of methane renders it 
combustible while carbon dioxide, 
besides being non-combustible, 
restrains its compressibility thereby 
making it difficult to be stored in 
containers. Raw biogas has to be 
upgraded to natural gas quality in 
order to be used in vehicles that are 
designed to use natural gas. This 
means that carbon dioxide (CO2), 
hydrogen sulphide (H2S), ammonia, 
particles, and water – and 
sometimes other trace compounds - 
have to be removed so that it can 
be used in vehicles. This is because 
by itself, biogas has a methane 
content of more than 90 per cent by 
volume. This upgraded gas is 
generally referred to as Biomethane 
which is bottled at discharge 
pressure of 200 bar. This is termed 
as Compressed Biogas (CBG). The 
Biogas Standard BIS 16087: 2013 
has been published by the Bureau 
of Indian Standards (BIS) to 
facilitate its quality control for its 
utilization in vehicles32, 33, 34. 
 
 
 

Indian Standard Specification of BIS 
IS 16087: 2013 for Biogas (Biomethane) 37 
 

 Biogas (biomethane) shall be free from liquids over 
the entire range of temperatures and pressures 
encountered in the storage and dispensing system, 
fuel containers, engine and fuel system and piped 
network. 

 

 The biogas (biomethane) fuel shall be free from 
particulate matter such as dust, dirt and mist. 

 

 Odour : Biogas (biomethane) delivered 
to any vehicle, stationary engine or piped network, 
shall be odorized similar to a level found in the local 
distribution 
 

 The biogas (biomethane) for automotive application 
and piped network shall also comply with the 
requirements given below : 

 
Sl. Characteristic Requirements Method of 

Test 
 

1. CH4, %, Min. 
 

90 IS 15130 (P-3) 

2. Moisture mg/m3, Max. 
 

16 IS 15641 (P-2) 

3. H2S, mg/m3, Max. 
 

30.3 ISO 6326-3 

4. CO2+N2+O2,% (v/v), Max. 
 

10 IS 15130 (P-3) 

5. CO2, %, Max. (v/v) when 
intended for filling in 
cylinders) 

4 IS 15130 (P-3) 

6. O2, %, Max (v/v) 
 

0.5 IS 15130 (P-3) 

 
This biogas (biomethane) may also be used for 
applications such as stationary engines or power 
generators. 
 
 
Biogas production according to feedstock34 
 
Feedstock Gas Yield 

(m3/kg) 
Methane 

(%) 
Cattle dung 0.297 55 

Piggery 0.40 65 

Poultry 0.45 70 

Straw 0.341 51 

Grass silage 0.576 52 

MSW 0.308 60 

Jatropha curcas seedcake 0.640 66.5 

Pongamia pinnata seedcake 0.738 62.5 

 
 
. 
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Biogas Prgrammes of Government of India 
 
1. National Biogas and Manure Management Programme (NBMMP) 
 
National Biogas and Manure Management Programme is a Central Sector Scheme, which 
provides for setting up of Family Type Biogas Plants mainly for rural and semi-
urban/households.  A family type biogas plant generates biogas from organic substances 
such as cattle-dung, and other bio-degradable materials such as biomass from farms, 
gardens, kitchens and night soil wastes etc. The process of biogas generation is called 
anaerobic digestion (AD) and salient benefits of biogas technology are given below: 
 

 It provides clean gaseous fuel for cooking and lighting. 
 

 Digested slurry from biogas plants is used as enriched bio-manure to supplement the 
use of chemical fertilizers. 
 

 It improves sanitation in villages and semi-urban areas by linking sanitary toilets with 
biogas plants. 
 

 Biogas Plants help in reducing the causes of climate change. 
 
Ministry of New and Renewable Energy is implementing the National Biogas and Manure 
Management Programme (NBMMP) in all the States and UTs of the country.  About 4.75 
million biogas plants have already been installed in the country upto 31st March, 2014. 
During the year 2014-15, a target of setting up 1, 10,000 biogas plants has been set. The 
Biogas plant is the best option for households having feed material, to become self- 
dependent for cooking gas and highly organic enriched bio-manure.  It provides the solution 
to protect the households from the problems of indoor air pollution and while saving on cost 
of refilling of LPG cylinders. 
 
2. Biogas based Power Generation Programme (BPGP)  
 
BPGP was launched in January, 2006 for installation of biogas based power projects in the 
capacity ranging from 3 kW to 250 kW to provide electricity to individual or community or 
grid. The aim was to provide reliable decentralized power generation option in the country 
based on the availability of large quantity of animal wastes and wastes from forestry, rural 
based industries (agro/food processing), kitchen wastes, etc. by taking-up number of 
projects of different capacities and applications.  
 
3. Programme on energy from urban, industrial and agricultural wastes/residues 

(including production of bio–CNG for filling into gas cylinder) 
 
The MNRE is promoting energy recovery from a variety of waste, such as municipal solid 
waste, sewage treatment plant, cattle dung, agricultural waste or residue, urban and 
industrial waste. So far, such projects having total capacity of about 212 MW have been 
installed in the country. 
 
4. R&D programme on biogas 
 
The Ministry also supports research, design, development & demonstration (RDD&D) to 
develop new and renewable technologies, processes, materials, components, sub-systems, 
products and services, standards and resource assessment so as to indigenously 
manufacture renewable energy products and develop systems. Thirteen R&D projects on 
biogas have been supported by the Ministry. 
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Technology demonstration on biogas bottling under RDD&D  
 
Under technology demonstration of new RDD&D Policy of Ministry of New and Renewable 
Energy (MNRE), the Ministry took up a new initiative for bottling of biogas to demonstrate an 
Integrated Technology-package in entrepreneurial mode on medium size mixed feed biogas-
fertilizer plants (BGFP) for generation, purification/enrichment, bottling and piped distribution 
of biogas. Installation of such plants aims at meeting stationary and motive power, cooling, 
refrigeration and electricity needs in addition to cooking and heating requirements. There 
could be a huge potential of installation of medium size biogas-fertilizer plants in the country. 
Under the demonstration phase, the Ministry is providing a central financial assistance from 
30-50% of the cost (excluding cost of land) for a limited number of such projects for 
implementation following an entrepreneurial mode on Built, Own and Operate (BOO) and re-
imbursement basis. Under the demonstration phase, the Ministry has sanctioned central 
financial assistance for a limited number of such projects for implementation following an 
entrepreneurial mode in Chhattisgarh, Gujarat, Haryana, Karnataka, Maharashtra, Punjab, 
Madhya Pradesh, Andhra Pradesh and Rajasthan. 
 
 BGFP project of capacity 500 cubic meter biogas per day for generation, purification/ 
enrichment, bottling of biogas was sanctioned by the MNRE with Rs. 5 million CFA during 
the year 2009-10 to Ashoka Biogreen Pvt. Ltd. at village Talwade, District Nasik 
(Maharashtra). Accordingly, the first biogas bottling plant under Technology Demonstration 
of new RDD&D policy of MNRE has been commissioned on 16.03.2011 after obtaining 
licence for filling and storage of compressed biogas in CNG cylinders from Petroleum & 
Explosives Safety Organization (PESO). 
 
The biogas generated from the plant have been purified and a purity of 98.4% methane has 
been achieved through test conducted by NABL accredited laboratory. The biogas 
generation capacity of the plant is 500 cum per day and based on NISARGRUNA (BARC) 
Technology. The purity of biogas is about 98% and compressed to 150-bar pressure for 
filling in cylinders.   The upgraded biogas is used for power generation, cooking and 
industrial application. The slurry of biogas plant is being based as an organic fertilizer in their 
nearby agro fields. The field trials have indicated 150% growth in agro-production and 
substantial improvements in the quality. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure-58 Schematic Diagram of BGFP Project Installed at Village Talwade, District Nasik39 
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4.2 Biogas Potential in Europe 
 
Due to the pace of dwindling of EU‟s fossil fuel reserves, its energy dependence is 
worsening. Under such circumstances, biomethane sector is not only offering a unique 
opportunity to have more dependency on sustainable and renewable source of energy but 
gradually gaining importance to offset the detrimental impacts associated with dependency 
on fossil fuel. Currently, EU imports 66% of its gas consumption, much of which is coming 
from unstable regions, where the political situation may interrupt vital supplies. Therefore, 
considering current economic, environmental and political circumstances, the biomethane 
sector will definitely become indispensable in the years to come. 
 
Most of Europe‟s 17,240 biogas plants are operational in rural areas, thereby contributing 
not only towards the economy of many disadvantaged regions but also facilitates in creating 
high skilled jobs. The biogas sector accounts for over 70,000 stable jobs in Europe. In recent 
years, biogas plants are focusing more on processing and treating municipal solid waste and 
sewage sludge, thereby helping municipalities not only to process the waste in an  
environmentally acceptable manner but also becoming important with respect to economic 
perspectives. The food and beverage industries in the suburban areas is increasingly using 
anaerobic digestion to treat their organic effluents. Hence, shortest feedstock routes are 
giving immense opportunities for biogas plants to thrive at a local level, thereby giving best 
economic and environmental output. In addition, gasification technology mainly suits to large 
urban areas where it is necessary to treat organic waste that cannot be digested (such as 
used furniture as well as forestry waste) 42, 43, 44. 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Out of 17,240 numbers of biogas plants in Europe44 as on 31/12/2014, maximum 10786 
numbers existed in Germany followed by Italy (1491 Nos.), United Kingdom (813 numbers) 
,France (736 numbers) and minimum (07 numbers) at Serbia.   
 

Figure-59 Distribution of Biogas plants in Europe44 
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Figure-49 illustrates the extent and magnitude of the growth of biogas plants (from 10433 
numbers to 17240 numbers thereby attributing to 65% growth) as well as the total installed 
capacity (4136 MWel to 8339 MWel thereby accounting for 102% growth) in five years (year 
2010 to year 2014).  
 
Up-gradation to Bio-methane  
 
Biomethane, the renewable alternative to natural gas, is principally produced from two 
complementary technologies: anaerobic digestion and gasification. 
 
Anaerobic digestion is a mature and well-proven technology. This results in high energy 
production levels together with good predictability and considerable versatility depending 
upon the demand, biogas can be used to produce bio-methane or electricity and heat.  
Anaerobic digestion is becoming a key renewable energy source in Europe which in 2014 
counted with 17,240 plants. In 2013, it produced the natural gas equivalent of 15.6 billion 
Nm3, while during that year‟s total EU gas consumption was of 472 billion m3. Only a small 
fraction of 15.6 billion Nm3 was upgraded into biomethane, where over 90% of total energy 
was used in the form of raw biogas (not upgraded to natural gas quality) to produce 
electricity and heat in cogeneration units. Additionally, only a fraction of the upgraded 
biomethane was used in 2013 exclusively for transport amounting to 0.1 billion m3. Although 
this is only a small share of the total biogas production, several factors are encouraging 
producers to make the switch to biomethane upgrading for transport, particularly scarcity of 
fossil fuels and commitments to reduce GHG emissions in transport42. 
 
As per the EBA‟s Biogas and Biomethane report, 2015, total number of Bio-methane plants 
in Europe as existed on 31/12/2014 were 367 with raw biogas upgrading capacity of 310 053 
Nm3/h  and produced biomethane amounting to 12173 GWh as shown in figure 50. 
 
 
 

Figure-60 Growth of Biogas Plants and their Total Installed Capacity in Europe44 
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A steady increase can be appreciated in biomethane sector. Germany leads the growth rate, 
followed by Sweden and UK. Despite its small size in terms of gas consumption, 
Sweden has placed itself as the European front runner in biomethane production and 
especially the use of biomethane in transport; the country dedicated 78% of its 1303 
GWh production to fuel almost 50000 vehicles. 21.1% of biogas plants are upgraded 
to biomethane plants, which is highest in Europe. 13% of plants in Sweden are 
feeding to grid. 

 
 
 

Figure-61 Biomethane Plants with Raw Biogas Upgrading Capacity & Bio-methane Production in Europe44 

Figure-62 %age of Biomethane AD plants/ Total Biogas Plants in Europe44 
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4.3 Best Practices of Biomethane Production in Europe 
 
Many countries of Europe have showcased Best practices with respect to biomethane 
production. In this context, few cases are summarized hereunder: 
 

Sweden 
 

In 2015, biogas production amounted to 1.8 terawatt hours, of which 57 percent was 
processed into vehicle fuel. The largest proportion of biogas comes from Skåne, Västra 
Götaland and Stockholm County, where more than half of Sweden‟s biogas is produced. In 
addition to producing vehicle fuel, the biogas production process also produces a coveted bi-
product in the form of bio-fertilizer.  A total of 1.6 terawatt hours of vehicle fuel was delivered, 
of which 70 percent was biogas. Since 2012, liquid biogas is also produced in Sweden, for 
which a production volume of 41 gigawatt hours was achieved in 2014. In the transition of 
heavy vehicles to independence from fossil fuels, it is deemed that liquid biogas will play a 
key role going forward, of which volumes will increase significantly. Of the total number of 
registered buses in Sweden today, 73 percent are powered by fossil petrol or diesel. The 
share of biogas buses amounts to 17 percent, which means that biogas is the dominant 
renewable alternative. 
 

Scandinavian Biogas50 
 

 The biogas production at Henriksdal is carried out in close collaboration with Stockholm 
Vatten, which is responsible for slurry and raw gas production, while Scandinavian 
Biogas operates the upgrading facilities. During 2015, production amounted to 75 
gigawatt hours at Henriksdal, with 25 gigawatt hours at Bromma. 

 

 The expansion, which is a complement to the existing facility, is being built with Pressure 
Swing Absorption (PSA) technology. The expansion will not only facilitate a production 
volume of 200 gigawatt hours, biogas at Henriksdal, but also feed greater volumes of 
raw gas from Stockholm Vatten‟s digester to be processed into vehicle fuel. 
Subsequently, a project to expand raw gas production is ongoing in parallel, by 
successively increasing the organic load of the existing digesters.  

 

 A new biogas plant at Södertörn has been commissioned in Oct-2015 with production 
capacity of 80 gigawatt hours of biogas per year, by extracting energy from 50 000 tons 
of organic waste. 

 

The Nordvästra Skånes Renhållning AB (NSR) biomethane plant in Helsingborg42 
 

The plant is an excellent example of a plant which produces high quality biomethane and 
organic fertilizer from food waste. The plant has been active since 1996 and it currently 
produces 80 GWh of biomethane a year from 160,000 tonnes of source separated food 
waste, which is equivalent to 60% of the household food waste or 55 kg per inhabitant of the 
area. The plant has 3 upgrading facilities with a combined capacity of 2,400 Nm3 raw 
biogas/h. Biomethane is injected into the grid and is used as a vehicle fuel by buses, waste 
collection trucks, taxis and private cars. In December 2014, the industrial complex opened 
filling station for liquefied biogas and compressed natural gas to serve heavy trucks42. 
 

France 
 

The waste water treatment plant of Seine Amont has the capacity to treat 600,000 m3 of 
sewage water a day, which comes from the city of Paris. Much of the waste is treated by an 
already existing biogas plant. The BioGNVAL project that was initiated in February 2013 
plans to build and run an upgrading unit together with liquefaction facilities aimed at 
replacing over 1.1 TWh of fossil fuel annually for long haul heavy vehicles by 2030. This 
project puts in evidence the value of biomethane in transport in France, a country which has 
very recently started to develop this technology42. 
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United Kingdom 
 

The supermarket chain Sainsbury‟s in the UK, has been investing on technology to make 
biomethane from food waste to run its vehicle fleet. To date, the company has 51 trucks 
running on biomethane and 10% of its fleet (109 vehicles) has a dual fuel engine. Their aim 
is to reduce the “depot-to-store” GHG emissions by 35% in 2020 and achieve an absolute 
reduction of 50% by 205042.  
 

4.4 Visit of Indian Stakeholders to Scandinavian Biogas Plant 
 
Process Novelty:  

 Optimised to 300 types of organic material as “substrate” for reaction. 
 Robust process accommodating high load in the reactor. 
 State-of-the-art process for up-gradation of raw biogas to bio-methane. 
 Recovery of residual methane from carbon dioxide. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure-63 (i) & (ii) India-EU Delegation at Scandinavian Biogas 

Figure-64 (i), (ii), (iii) & (iv) Stakeholder’s Interactions to Understand Bio-methane Process 
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Figure-66 (i), (ii) & (iii) 
Biogas Highway (500 km) Gӧ teborg – Stockholm 
# 12 Biomethane Fuelling Stations 

 
 
 
 
 
 

Figure-65 (i) & (ii) Buses Running on Biomethane 
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4.5 Bio-methane Production Technology 
 
Bio-methane can be generated from various sources of biomass using two different 
processes: anaerobic fermentation and thermochemical gasification. These are 
characterized by using different feedstocks, technologies and different scales for conversion. 
Anaerobic digestion and biogas upgrading has been successfully demonstrated. Biomethane 
can be transported and stored in the facilities and infrastructure available for natural gas. 
Some degree of pressurization is needed for injection into Natural Gas pipelines. On the 
other hand gasification and methanation of biomass to bio-SNG is still at the demonstration 
stage. Gasification technology, though, has not yet been deployed at a large industrial scale, 
its high efficiency rates compared to incineration make it a very interesting environmental 
friendly option. This technology complements anaerobic digestion very well, as it can turn 
feedstock that is impossible to digest such as woody biomass and polluted organic waste 
into biomethane. This cutting-edge offers the best solution for the management of various 
organic materials and amplifies the potential of renewable energy. Production of bio-SNG 
was demonstrated for the first time on a 2 MW scale in Güssing, Austria using a fluidised 
bed gassifier using forest residues42, 45.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Biogas up-gradation technology 
 
To inject biogas in the Natural Gas grid or to use it as a vehicle fuel, the raw biogas has to be 
upgraded and pressurised. Biogas upgrading means that the carbon dioxide in the biogas is 
removed to increase the energy density. Furthermore, water, hydrogen sulphide and other 
contaminants are also to be removed. Hence, this step is commonly called gas cleaning, 
sometimes before the upgrading process to avoid corrosion or other problems in downstream 
applications. There are different methods used for carbon dioxide removal. The different 
technologies are described below: 
 
Water and the organic physical scrubber the biogas is pressurized (5-10 bar) and the carbon 
dioxide is dissolved in the water or a selective organic solvent. The biogas is upgraded and the 
dissolved carbon dioxide is released from the solvent in the desorption vessel at atmospheric 
pressure during air stripping. 
 
Chemical scrubber, Water dissolves carbon dioxide (carbonic acid) which reacts with an added 
amine and thus can be separated from the gas stream. This process can be carried out at 
atmospheric pressure since it is a chemical reaction that drives the process. Heat is needed to 
reverse the reaction and release the carbon dioxide in a stripper vessel and restore the amine. 
 
Pressure swing adsorption (PSA) system, the raw biogas is pressurized (3-10 bar) and fed into 
an adsorption column filled with an adsorbent, such as carbon molecular sieves.  Carbon dioxide 
is adsorbed by the bed material and the biomethane passes through. The carbon dioxide is 
desorbed from the adsorbent by reducing the pressure and using a purge gas (commonly 
biomethane). 
 
Membrane separation the biogas is pressurized (5 – 20 bar) and fed into the membrane unit. 
The carbon dioxide, as well as other gas components, permeates through the membrane, 
whereas the methane is retained. The performance varies widely depending on the settings (e.g. 
pressure stages, loops) and the unique design adopted by each manufacturer. 
 
Cryogenic separation is a developing technology and hence needs validation. Methane and 
carbon dioxide are separated by gradually cooling down the raw biogas. All compounds with 
higher condensation temperature than methane, such as water, hydrogen sulphide, siloxanes and 
nitrogen, can be separated in this process. In case of an increasing share of LNG in the market, 
e.g. for transport, cryogenic separation might be of growing importance because of the benefits to 
be gained by integration of CH4 separation with liquefaction units for the CH4. 
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Pressure Swing Adsorption (PSA) 
 Adsorption on a surface under elevated pressure 
 Adsorbing material usually activated carbon or 

zeolite 
 Regeneration by sequential decrease in pressure 
 Several vessels working in parallel 

 
 
 
Water Scrubber 

 Biogas meets a counter flow of water in a coloumn 
filled with plastic packing. 

 CO2 dissolves in the water. 
 CH4 dissolves to a much lower extent 
 Dissolved methane is recovered in flash tank. 
 Water is regenerated in a desorption coloumn 

where it meets a counter flow of air.  
 

 
 

 
 
 
Chemical Absorption 

 Biogas meets a counter flow of an amine solution 
(MEA or DMEA in the liquid). 

 CO2 bounds chemically to amine 
 A very selective reaction 
 Low methane losses 
 Regeneration by heating 

 
 
 
 
Parameter Water 

Scrubber 
PSA Membrane 

(2-4 stages) 
Chemical Scrubber 

(amine) 
Organic Physical 

Scrubber 
CH4 in product gas 96-98% 96-98% 96-98% 96-99% 96-98% 
Annual maintenance cost  
(% of investment) 

2-3% 2-3% 3-4% 2-3% 2-3% 

H2S removal Yes External External External External 
Moisture removal External Yes Yes External External 
N2 and O2 separation No No/ Partly Partly (O2) No No 
Electricity consumption (product 
gas >4 bar) (kWh/Nm3 raw biogas) 

0.2-0.3 0.2-0.3 0.2-0.3 0.10-0.15 0.2-0.3 

Heat (kWh/Nm3 raw biogas) None None None 0.5-0.6 Internal 
Pure CO2 No Yes Yes Yes No 

Figure-67 PSA Technology 

Figure-68 Water Scrubber Technology 

Figure-69 Solubility of CO2/CH4 in water 

Figure-70 Chemical Absorption Technology 
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4.6 Technical Standards in Europe 
 
Biomethane, being used directly as automotive fuel or being injected into the natural gas 
grid, has been identified by the European Commission as an important renewable fuel where 
missing standards hamper its market development. A mandate (M/475) was issued in 2010 
“…for standards for biomethane for use in transport and injection in natural gas pipelines”, 
the starting point for the current standardization work on biomethane within CEN (Comité 
Européen de Normalisation) Vehicle manufacturers, having identified natural gas as a major 
future alternative fuel, are developing more efficient gas engines, aiming for diesel-like 
performance in the heavy-duty segment. Together with the introduction of more strict 
emission regulations in Europe, the OEM‟s (Original Equipment Manufacturer) have, 
therefore, become more proactive in the standardization arena, since tighter specifications 
would facilitate their engine development work42,43,45. 
 

 The current international standard for CNG, issued in 2006 ”ISO 15403 Natural gas – 
Natural gas for use as a compressed fuel for vehicles” is based largely on the American 
SAE J1616 from 1994. It is divided in two parts, where the first one is normative, but with 
no quantitative limits. Part 2, an informative technical report, was issued on request from 
the OEM‟s, which wanted more information published on suggestions for suitable limits 
for the different parameters.  

 
 The German national standard for CNG, ”DIN 51624:2008-02 Kraftstoffe für 

Kraftfahrzeuge – Erdgas – Anforderungen und Prüfverfahren (Automotive fuels – 
Compressed natural gas – Requirements and test methods)” is one of the most strict 
standards issued to date, with limits of total sulfur, methane content and methane 
number that has the effect of excluding a large number of the European grid gas 
qualities.  

 
 Outside Europe, the standard issued by the state of California (California Code of 

Regulations, 13 CCR § 2292.5 Specifications for Compressed Natural Gas) is used by 
several states in the US. Regarding biomethane, there is a range of national standards in 
Europe for the injection of upgraded and purified biogas into the natural gas grid. An 
overview was published by Marcogaz 2006. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Biomethane Standards Source : Marcogaz report (2006)43 

 
Component Unit Austria France Belgium Czech. R. Germany Holland Sweden Switzerland 
CH4 

% (v/v) 

≥ 96 ≥ 86 ≥ 85 ≥ 95 - ≥ 85 ≥ 97 ≥ 96 
CO2 ≤ 3 ≤ 2, 5 ≤ 2, 5 ≤ 5 ≤ 6 (dry) ≤ 6 ≤ 32 ≤ 6 

O2 ≤ 0, 5 ≤ 0, 01 - ≤ 0, 5 ≤ 0, 5 (wet), 
3 (dry) ≤ 0, 5 ≤ 1 ≤ 0, 5 

H2 ≤ 4 ≤ 6 ≤ 0, 1 - ≤ 5 ≤ 12 0.5 ≤ 0, 53 ≤ 4 
CO - ≤ 2 ≤ 0, 2 - - < 1 - - 
Total S 

Mg/Nm3 

≤ 10 ≤ 30 ≤ 30 ≤ 30 ≤ 30 ≤ 45 16.5 ≤ 23 ≤ 30 
H2S (+COS in 
FR, BE) ≤ 5 ≤ 5 ≤ 5 ≤ 7 ≤ 5 ≤ 5 ≤ 10 3 ≤ 5 

Mercaptanes ≤ 6 ≤ 6 ≤ 6 ≤ 5 ≤ 15 ≤ 10 6 - ≤ 5 ppmV 

Halocarbons 0 ≤ 1 (Cl) 
≤ 10 (F) 

≤ 1 (Cl) 
≤ 10 (F) ≤ 1, 5 (F+Cl) 0 ≤ 50/25 (Cl/F) - ≤ 1 

Heavy Metals - ≤ 1 ( g Hg) ≤ 1 ( g Hg) - ≤ 5 - - ≤ 5 

Siloxanes ≤ 10 - - ≤ 6 (Si) - ≤ 5 ppm = 0.08, 
6, 2 (Si) (Si) - - 

Ammonia H2O Tech free ≤ 3 ≤ 3 
≤ 110 None - ≤ 3 ≤ 20 

≤ 32 ≤ 20 

Water dew 
point 

° C ≤ -8, 40 
bar ≤ -5 Pmax - ≤-10 Soil Temp. ≤ -10, -18 

8 bar 70 bar ≤ tmin -5 Prevent Cond. 

Odorant  
 

Demand 
Distr. 

15-40 mg 
THT/m3 - - Demand 

Distr. 
>10, 18-80 mg 

THT/m3 
Demand 

Distr. 15-25 mg THT/m3 

Particles Tech. free Tech. free - No part No part Tekn ren ≤ 1 m - 
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Swedish standard for biogas as vehicle fuel, SS 155438 
 

Property Unit Value 
 

Wobbe index MJ/Nm3 44.7-46.4 
 

Methane content vol% 97±1 
 

Water dew point at the highest storage pressure  
(t = lowest average daily temperature on a monthly basis) 

°C t-5 

Water content, maximum  mg/Nm3 32 
 

Maximum CO2 + O2 + N2 gas content of which oxygen 
maximum  

vol% 4.0 
 

Total sulphur content, maximum mg/Nm3 10 
 

Total content on nitrogen compounds (excluding N2) 
counted as NH3, maximum 

mg/Nm3 20 

Maximum size of particles µm 1 
 

 
 
 
 
 
 
 
 
 
 
 
4.7 Visit of Indian Stakeholders to SYSAV food waste facility, waste to 

energy plant and environmental management area at Malmӧ   
 

Showcasing Waste Management Sites 
 

The Sysav‟s waste sites52 are located in various parts of southern Skåne. The activities of 
Sysav involves processing, sorting and storing of waste, which seldom being sent to the 
landfill. A variety of activities take place at Sysav, including composting, sorting of bulky 
waste, chipping of wood, reloading and so on. The sites were initially designed for landfill, in 
other words, for throwing the waste onto a tip for final storage. Now just a small proportion of 
waste is going to landfill. Sysav has four waste sites and one waste station, distributed 
throughout the Sysav region. Two of the sites also have landfill facilities. 
 

 Spillepeng waste site north of Malmö is an artificial peninsula that extends a small way 
out into the Öresund. Special features of Spillepeng are that it has facilities for fuel 
preparation and sorting of slag as well as storage for combustible waste. It also contains 
the region‟s landfill site for hazardous waste and another landfill site for ordinary waste. 
The site has abundant birdlife, and offers a large home for sand martins.  

 

 Trelleborg waste site is in western Trelleborg. The main activities involve the reloading 
station and the sorting of mixed waste. The site includes a pre-treatment plant for 
collected leachate. Parts of the site have been restored to form a recreation area. 

 

 Hedeskoga waste site outside Ystad has a view over the surrounding plains. The 
production of construction soil, sorting of mixed waste, reloading of waste, and sending 
waste to landfill are the central elements of operations at this site. New areas are being 
prepared on the site for future landfill purposes. Leachate treatment is largely dealt with 
in a soil-plant system. Hedeskoga waste site is in an area of natural interest, and a hiking 
trail passes nearby. 

Energy content in different fuels 
 1 Nm3 biogas (97% methane) : 9.67 kWh 
 1 Nm3 natural gas : 11.0 kWh 
 1 litre petrol : 9.06 kWh 
 1 litre diesel : 9.80 kWh 

Unit Conversion   
 1 tonnes oil equivalent (toe) : 11.63 Mwh 
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 Måsalycke waste site is in a lovely location surrounded by forest, outside St Olof in 
Simrishamn municipality. The main activities involve the reloading of waste and the 
sorting of mixed waste. All leachate produced is handled locally on site. Over the next 
few years there will be a lot of work on closing and post-treating the old landfill. Within 
the site, which includes forest areas over most of it, there are a number of key biotopes 
identified by the Swedish Forest Agency. 

 

 Lund waste station is at Gunnesbo in Lund, next to the station‟s largest waste collector, 
Lund cleansing department. Waste is reloaded at the station in order to make 
transportation more efficient. Combustible waste, food waste, packaging and 
newspapers are some types of waste that have their own compartments or other spaces 
at the waste station 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
The illustration shows the activities that take place at Sysav‟s waste sites, but does not 
represent any particular site. Some of the activities only take place at some sites. 

1. Weighing station 
2. Reloading station 
3. Sorting of bulky waste 
4. Sorting and storage of stones, gravel and concrete 
5. Sorting of slag 
6. Areas for seasonal storage of combustible waste 
7. Cleaning of leachate 
8. Chipping of wood 
9. Biological treatment of contaminated soil 
10. Composting of garden waste 
11. Landfill for ordinary waste 
12. Landfill for hazardous waste 
13. Collection of landfill gas 
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Figure-71  General Plan of Waste Management Site52 
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Salient features of waste management52 
 
Waste is sorted for maximum recycling 
Bulky waste comes to the waste sites containing various materials from companies and from 
Sysav‟s recycling centres. With the aid of machines equipped with gripper claws, the waste 
is sorted into different fractions, for example metal, wood, plaster, combustible waste and 
waste for landfill. In order to maximize recycling, the machines can also take apart objects 
that are composed of different materials. Around 90 per cent of the waste sorted is recycled 
as a material or in the form of energy. The remaining ten per cent goes to landfill. 
 
Chipping 
Sorted wood is processed so it can be used for fuel. The waste sites store and chip wood, 
which can then be used in biofuel boilers. Clean, unpainted wood can be burned in basically 
any biofuel boiler, but the use of painted wood is more limited. 
 
Sorting of slag 
At Spillepeng waste site, slag from Sysav‟s waste-to-energy plant is sorted. The slag 
contains waste that was not burnt in the boiler, for example gravel, porcelain, glass and 
metal. By running the slag through a big sorting machine, the various materials can be made 
use of. These are divided up into four materials that can be used again – slag gravel, 
magnetic scrap, non-magnetic scrap and combustible residue – and a small amount that has 
to go to landfill. The greatest proportion of the slag, around 90 per cent, becomes slag 
gravel. This gravel can be used in construction work. 
 
Composting of garden waste 
Sysav receives large quantities of park and garden waste. Thick branches and tree trunks 
are chipped and used as biofuel, while the green material is composted in “mattresses” or in 
“windrows”. Mattress composting involves the waste being crushed coarsely and placed in 
large, high “mattresses”. Composting continues for three years, and during this time, the 
garden waste is turned twice using an excavator to oxygenate the material. Water is added 
as required and the temperature is monitored. Inside active compost the temperature can 
reach 70°C.  
 
Biological treatment of contaminated soil 
The soil containing oil or other contaminants such as pesticides or solvents are being treated 
here. The biological treatment involves giving the microorganisms that are found naturally in 
soil a good living environment so they can break down the contaminants into non-hazardous 
substances. In practical terms this means that nutrients are added to the soil in the form of 
liquid fertilizer. The mixture is laid out in rows. The residence time of soil treatment is about 
six months, and all the time air is added. After treatment, the soil can be reused. 
 
Waste as little as possible is sent to landfill 
Waste that cannot be recycled, sent to landfill, which is final storage for waste. Two of 
Sysav‟s waste sites have landfill facilities: Hedeskoga waste site outside Ystad and 
Spillepeng waste site in Malmö. Landfill has been discontinued at the other waste sites due 
to more stringent environmental requirements and a reduced need for landfill. Of all waste 
that comes to Sysav and its subsidiaries or associated companies, just 4 per cent goes to 
landfill.  
 
At Sysav, efforts are being done constantly to minimise use of landfill, among other things 
through developing new recycling methods and making use of ever more types of material. A 
proportion of what goes to landfill is residues from other treatments, for example, waste 
sorted by excavators and landfill residues from slag sorting. Since there are strict rules 
regarding landfilling, customers who brings waste for landfilling have to report the contents. 
Sysav staff are also present when the waste is actually deposited. Sysav have landfill sites 
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for both hazardous and non-hazardous waste. Examples of hazardous waste that go to 
landfill are combustion residues and asbestos. The waste in landfill is covered over regularly 
with soil or slag gravel, etc. 
 
 
 
 
 
 

 
 
Leachate management 
 
Number of methods are being used to treat & clean leachates including the use of natural 
processes particularly for removal of nitrogen to reduce the impact of eutrophication. At 
Hedeskoga and Måsalycke waste sites, for example, some of the leachate is cleaned 
through the irrigation of energy forests. Nitrogen is absorbed by the trees, the trunks of 
which are later harvested and used for fuel. 
 
Environmental controls 
 
Waste management involves reducing the impacts on the surrounding environment. 
Therefore regular sampling is being done for groundwater and watercourses in the vicinity of 
the waste sites. Sampling is performed according to a testing programme determined by an 
inspection authority, usually the county administrative board. In the event of abnormal events 
or changes to activities, Sysav consults the inspection authority. 
 
 
 

Figure-72  Cross-section of Closed Landfill Site52 

EU-India Policy and Regulatory Framework with respect to Waste Management are 
more elaborately covered in Chapter-2 of this document. 
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As per Schedule-1 (G), (H), (I) and (J) of Solid Waste Management Rules-2016 
issued by the Ministry of Environment, Forests and Climate Change, Government 
of India.  
 
G. Criteria for plantation at landfill Site:  A vegetative cover shall be provided over the 
completed site in accordance with the following specifications, namely:- 
 

(a) Locally adopted non-edible perennial plants that are resistant to drought and extreme 
temperatures shall be planted; 
 

(b) The selection of plants should be of such variety that their roots do not penetrate more than 30 
cms. This condition shall apply till the landfill is stabilized; 
 

(c) Selected plants shall have ability to thrive on low-nutrient soil with minimum nutrient addition; 
 

(d) Plantation to be made in sufficient density to minimise soil erosion. 
 

(e) Green belts shall be developed all around the boundary of the landfill in consultation with State 
Pollution Control Boards or Pollution Control Committees. 

 
H. Criteria for post-care of landfill site.- (1) The post-closure care of landfill site shall be 
conducted for at least fifteen years and long term monitoring or care plan shall consist of the 
following, namely :-„  

 

(a) Maintaining the integrity and effectiveness of final cover, making repairs and preventing run-on 
and run-off from eroding or otherwise damaging the final cover; 
 

(b) Monitoring leachate collection system in accordance with the requirement; 
 

(c) Monitoring of ground water in and around landfill; 
 

(d) Maintaining and operating the landfill gas collection system to meet the standards. 
 
(2) Use of closed landfill sites after fifteen years of post-closure monitoring can be considered for 
human settlement or otherwise only after ensuring that gaseous emission and leachate quality 
analysis complies with the specified standards and the soil stability is ensured. 
 
I. Criteria for special provisions for hilly areas.-Cities and towns located on hills shall have 
location-specific methods evolved for final disposal of solid waste by the local body with the 
approval of the concerned State Pollution Control Board or the Pollution Control Committee. The 
local body shall set up processing facilities for utilisation of biodegradable organic waste. The non-
biodegradable recyclable materials shall be stored and sent for recycling periodically. The inert 
and non-biodegradable waste shall be used for building roads or filling-up of appropriate areas on 
hills. In case of constraints in finding adequate land in hilly areas, waste not suitable for road-
laying or filling up shall be disposed of in regional landfills in plain areas. 
 
J. Closure and Rehabilitation of Old Dumps- Solid waste dumps which have reached their full 
capacity or those which will not receive additional waste after setting up of new and properly 
designed landfills should be closed and rehabilitated by examining the following options: 
 

i. Reduction of waste by bio mining and waste processing followed by placement of residues 
in new landfills or capping as in (ii) below. 
 

ii. Capping with solid waste cover or solid waste cover enhanced with geomembrane to 
enable collection and flaring / utilization of greenhouse gases. 
 

iii. Capping as in (ii) above with additional measures (in alluvial and other coarse grained 
soils) such as cut-off walls and extraction wells for pumping and treating contaminated 
ground water. 
 

iv. Any other method suitable for reducing environmental impact to acceptable level. 
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SYSAV Food Waste Facility: Harnessing energy and nutrients53 
 

In Sysav‟s pre-treatment plant, food waste is converted into slurry, a pumpable, viscous 
liquid which is the plant‟s end product. The slurry is then used to produce two useful 
resources – biogas and bio-fertiliser. The biogas is being used to fuel vehicles, while the 
biofertiliser replaces other fertilisers in agriculture. The pre-treatment plant for waste is one 
of several Sysav plants. Sysav receives waste from households and businesses in southern 
Skåne, southernmost province of Sweden. A combination of methods are used to ensure the 
waste is harnessed as a resource in the best possible way. In addition to biological 
treatment, these methods include energy recovery from incineration, re-use and various 
forms of recycling, management of hazardous waste and landfill. Sysav‟s pre-treatment plant 
came into service in 2009. The technology for pre-treating food waste is still very much in its 
infancy, and several of the technical solutions at Sysav‟s plant cannot be found anywhere 
else. 
 

Sysav’s pre-treatment plant receives three main types of food waste: 
 

 Pumpable liquid food waste is pumped directly from a tanker to a receiving tank. Liquid 
waste includes food waste from disposal grinders and fat separation sludge. 

 

 Pre-packed liquid food waste, such as juice and milk in cartons, etc. 
 

 Separated solid food waste from households, restaurants and large-scale kitchens. 
The waste is tipped into the receiving bin and contains leftover food and the paper bags 
in which it is placed in. Limited quantities of pre-packed food from industry and retail is 
included in this category. 

 

 
 
 
1. Receiving tank 
2. Buffer tank 
3. Intermediate tank (sand trap) 
4. Exhaust air hose 
5. Tanker loading and unloading 
 

6. Pallet inverter 
7. Piston press 
8. Receiving bin 
9. Ladder conveyor 
10. Shredder 
 

11. Mixing unit 
12. Screw extruder 
13. Slurry collection tank 
14. Screw conveyor for combustible fraction 
15. Perforated diffuser for ionized supply air 
16. Control room 
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Figure-73  Process of Food Waste Handling Plant 53 
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The process outlines53 
 

 Solid food waste tipped into a receiving bin: This is carried out using a screw 
extruder. As the waste is about to be tipped, a lid on the receiving bin opens. The lid 
forms a tight seal and closes between each deposit of waste to prevent smell spreading 
to the surroundings. Using a bottom conveyor, the waste is transported to the short side 
of the bin, where it is shredded using three milling drums. 

 
 Shredder: The waste is transported from the receiving bin by the screw conveyor and 

ladder conveyor to a shredder. In the shredder, the food waste is shredded into small 
pieces by blades on a rotating shaft. 

 
 Screw extruder: The finely shredded food waste is carried by screw conveyor to a 

mixing unit where the waste is homogenized. It is then worked in a screw extruder. Using 
a screw, the waste is pressed onto a cone that provides counter-pressure. The pressure 
can be regulated. The thick slurry is extruded through holes on the sides. 

 
 Combustible fraction: The remaining combustible fraction is transported by screw 

conveyor to the bunker at Sysav‟s waste-to-energy plant. 
 

 Slurry - an end product: The slurry from the pre-treated food waste is finally collected in 
a 200 m3 buffer tank. The buffer tank is insulated and equipped with agitators to prevent 
sedimentation. The slurry in the buffer tank is then transported to a biogas plant. 

 
 Breaking down of waste in the biogas plant: The pre-treated food waste leaves 

Sysav in the form of a pumpable slurry, which is transported to a biogas plant. In the 
plant‟s oxygen-free environment, carbohydrates, proteins and fats are broken down in 
several stages by bacteria, including methane producing micro-organisms. This process 
continues for just over three weeks. The end products are a methane-rich biogas, along 
with a liquid bio-fertiliser which retains the nutrients from the food waste. 

 
Monitoring and odour control 
 
To ensure a good work environment and prevent bad odours, ionized air is being used in the 
plant‟s ventilation system. Perforated plastic diffusers are suspended from the ceiling. These 
are placed around the receiving bin and the machines, and gradually release ionized air 
which neutralizes any odorants in the plant. When the lid on the receiving bin is opened, 
ionized air flows in and forms a sealing layer over the waste. Exhaust air is sucked from the 
machines in the plant and beneath the receiving bin. The pre-treatment plant is located in 
the same building as Sysav‟s waste-to-energy plant. Exhaust air is led to the waste-to-
energy plant‟s bunker, and from there to the incinerators. 
 
Waste-to-Energy Plant SYSAV Malmӧ 54 
 
The Sysav waste management plant, situated just north of Malmö is a good example of how 
the policy of waste-to-energy works. The company treats and recycles domestic and 
industrial waste every year from a population of 620,000 people. Combustible waste from 
both households and industrial sources is collected from the southernmost region of 
Sweden. The total energy produced through combustion amounts to approx. 1,000 GWh 
annually. The new line-3 plant is used to generate 135,000 MWh electricity and 540,000 
MWh hot water for the district heating system. Thus, approximately 40% of the heating 
requirements of Malmö and its Burlöv suburb (population ~300,000) are covered and 
electricity for 17,000 households is generated. The new plant manages some 200,000 tons 
of combustible household and industrial waste per year.  
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Together with the older Sysav 
waste-to-energy plant, Sysav 
manages 400,000 tons of waste 
per year. Operating 24 hours a 
day and almost 365 days a 
year, incineration temperatures 
are exceeding 900°C. No 
additional fuel is necessary to 
support the process. 
 
The cleaning process 
 
An advanced cleaning process 
has been installed within the 
system. The steam generated 
by incineration energy is 
expanded in the turbines, 
producing electricity. Then it 
passes through the heat 
exchanger of the district heating 
system, where it is heating the 
water to 80°C–115°C while 
condensing. In a closed cycle, 
the water flows back to the 
incineration heat exchanger 
and is transformed to steam 
again. 
 
As the flue gas passes through 
a series of filter systems, it 
heats up water in the wet type 
scrubber. Using this water as 
source for a heat pump, the 
district heating return 
temperature is lifted from 50°C 
to 59.3°C, thus enhancing the 
overall efficiency of the entire 
waste-to-energy plant. 
 
Main features of the Unitop 
28C 
The Unitop 28C is equipped 
with shell and tube type heat 
exchangers for evaporation and 
condensation of the refrigerant 
type R134a. 

 Open-type single stage 
compressor  

 Integrated planetary type 
gears 

 Tough industrial design with 
vertically split casing for 
easy maintenance 

Figure-74 View of Waste-to-Energy Plant at Sysav, Malmö54 

Figure-75 Operation of Fire Grid54 

Figure-76 One of the two Unitop® 28C Units, 
 in the Works of Friotherm.54 
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 High efficiency over the 
entire range 

 Operating temperatures :     
-40°C/+80°C 

 Multiple compressor units 
available 

 Operation in series or in 
parallel 

 Large capacity, small floor 
space 

 
Plant control system 
A Siemens S7 type PLC control 
system supplied by Friotherm is 
used for local control and 
supervision of the heat pump 
units. It is connected to the 
central building control system 
type ABB Avant. 
 
 
 
 
 
 

Technical Data of Plant 
 Incineration capacity 25 t/h 
 Operating time 8200 h/year 
 Primary heat exchange 400°C, 40 bar 
 Energy Equivalent 16-19 MWelect. 
 Energy Equivalent Heat 45-65 MW 

2 No. of Heat Pumps Unitop 28C each 
 Heating capacity 9500 kW 
 Power absorbed 1750 kW 
 COP 5.43 
 Heat source temperature, in +34.2°C 
 Heat source temperature, out +24.3°C 
 Heating water temperature, in +50°C 
 Heating water temperature, out +59.2°C 
 Capacity control 10-100% 

Flue gas cleaning steps 
 Separation of solid particles with electrical filter 
 Wet type scrubber for separation of chlorides, SO2, heavy 

metals, etc. 
 Electro-Venturi filter for separation of organic matters 
 Electro-Venturi filter for separation of Inorganic matters 
 Catalytic cleaning from Nitrogen oxides 

 
 

Figure-77  Project Consortium Members, Indian Stakeholders and Plant Managers at Malmö 

EU-India Policy and Regulatory Framework in context to Waste to Energy are more 
elaborately covered in Chapter-5 of this document. 
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Compost (Bio-fertilizer) : EU Quality Assurance Standard 
 
Quality assurance schemes for compost and digestion products have been established for 
over two decades in various European Member States as a key element for sustainable 
recycling of organic residues. This development and also the intention of the European 
Commission to define an End-of-Waste Standard for compost led to a demand for a 
European uniform quality standard for compost plants and composted products. The 
European Compost Network ECN met this challenge and developed a concept for a 
European quality assurance scheme within its working group “Standardization & Quality 
Assurance”. This project includes a quality standard for compost like it is necessary for a 
free cross-border movement of goods in the EU.Background for the development were the 
long-lasting demand of EU-wide legislation for biowaste and the legal intention to regulate 
“the point when compost ceases to be waste” in the Waste Frame Directive [2]. Since 2004 
the ECN commenced work on a scheme for a Europe-wide quality assurance for compost 
(ECNQAS) based on existing national quality assurance systems (QS) and experiences in 
the member organizations55, 56. 
 
Compost quality 
Quality composts have a widely 
homogenous composition based on 
defined input materials. Composting 
leads to high quality humus products 
which can be placed successfully on 
the markets as soil improvers and 
organic fertilisers. These are used to 
preserve the content of organic 
matter in the soil and thus influence 
biodiversity and soil fertility positively. 
 
Aspects of protection of the 
environment and consumers 
Important parameters for the market 
of recycling products are not the 
desired ingredients. The composts 
shall be environmentally safe for the 
individual application. In order to 
achieve the quality label all limit 
values must be met for specified 
parameters. The formation of these 
limit values was the result on the 
comparing assessment of the 
compost qualities in Europe with the 
precondition that separate collection 
of biowaste is established in the 
countries. In order to comply with the 
precautionary requirements of the 
environment and consumer protection 
the long-term accumulation of harmful 
matter in the soil has been 
considered when identifying the limit 
value levels. 
 
 
 
 

Quality criteria of the European Quality Assurance 
Scheme for the characterizing of quality compost 

Soil Improvement Organic Matter 
Alkaline effective material (CaO) 

Fertilization Nutrients (N,P,K,Mg) 
Biological parameters Biological activity 

Plant response 
Material properties Water content 

Bulk density/ volume weight 
Grain size 
pH value 
Electrical conductivity 

 

Precautionary requirements on protection of environment and 
consumers 
 
Category Parameters Assessment 

 
Undesired 
ingredients 

Impurities  
(glass, metals, plastics 

≤0.5% DM 

Germinable seeds and 
sprouting plant parts 
 

≤2 per litre 

Harmful 
matter 

Lead (Pb) 130 mg/kg DM 
Cadmium (Cd) 1.3 mg/ kg DM 
Chromium (Cr) 60 mg/ kg DM 
Copper (Cu)# 200 mg/ kg DM 
Nickel (Ni) 40 mg/ kg DM 
Mercury (Hg) 0.45 mg/ kg DM 
Zinc (Zn)# 600 mg/ kg DM 

 
# Copper and Zinc are classified as essential nutrients 
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Max, Min, and mean limits values of Potentially Toxic Elements (PTEs) for composts in Europe: 
Category Cd Cr Cr (VI) Cu Hg Ni Pb Zn As 

Limit values (in mg/ kg DM) for compost from source seperation i.e  
Biowaste Compost & Green Compost (BWC & GC) 

Min 0.7 50 0 25 0.2 10 45 75 5 
Max 3 250 3 600 (1000*) 3 100 280 1500 (4000*) 50 
Mean 1.4 93 0.9 143 (184*) 1.0 47 121 416 (587*) 23 
Max/Min 4.3 5.0 - 24.0 15.0 10.0 6.2 20.0 10.0 

Limit value for Municipal Solid Waste (MSW) & Mechanical-Biological Treatment (MBT) compost 
Min 3 250 0 450 3 100 200 1000 10 
Max 20 1000 10 1000 16 300 800 4000 25 
Mean 8.0 473 6.7 625 7.1 168 456 2000 17 
Max/Min 6.7 4.0 - 2.2 5.3 3.0 4.0 4.0 2.5 
* Limits for Cu=1,000 and Zn=4,000 mg kg-1d.m. are stemming from the Danish Statutory Order on Application of 
Waste Products for Agricultural Purposes where sewage sludge is covered as well as compost. Together with the 
fact that Cu and Zn are addressed as essential nutrients This explain the extremely high thresholds. 
 
Min, Max & Mean admitted yearly load of PTEs in European soil protection, compost and sewage sludge : 
Category Cd Cr Cr (VI) Cu Hg Ni Pb Zn As 

Compost from source seperation BWC & GC (mg/kg DM) 
Min 0.8 40 - 300 1.5 25 25 600 90 
Max 15.0 2000 - 7000 15.0 1000 1001 28000 300 
Mean 8.2 609 15 1643 7.1 293 617 5524 151 
Max/Min 20 50 - 23 10 40 40 47 3.3 

MSW/MBT Composts/ Sewage Sludge (mg/kg DM) 
Min 12 933 - 2000 9 450 1334 6665 - 
Max 150 4500 - 50000 100 3000 15000 60000 - 
Mean 69 2320 - 16467 48 1583 6947 27734 375 
Max/Min 12.5 4.8 - 25 10.7 6.7 11.2 9 - 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Standards for composting as per Schedule-II (A) of SWM Rules-2016 (MoEF&CC)  
 

The waste processing facilities shall include composting as one of the technologies for processing of bio degradable 
waste. In order to prevent pollution from compost plant, the following shall be complied with namely:- 
 

(a) The incoming organic waste at site shall be stored properly prior to further processing. To the extent possible, the 
waste storage area should be covered. If, such storage is done in an open area, it shall be provided with 
impermeable base with facility for collection of leachate and surface water run-off into lined drains leading to a 
leachate treatment and disposal facility; 
 

(b) Necessary precaution shall be taken to minimize nuisance of odour, flies, rodents, bird menace and fire hazard; 
 

(c) In case of breakdown or maintenance of plant, waste intake shall be stopped and arrangements be worked out for 
diversion of waste to the temporary processing site or temporary landfill sites which will be again reprocessed 
when plant is in order; 
 

(d) Pre-process and post-process rejects shall be removed from the processing facility on regular basis and shall not 
be allowed to pile at the site. Recyclables shall be routed through appropriate vendors. The non-recyclable high 
calorific fractions to be segregated and sent to waste to energy or for RDF production, co-processing in cement 
plants or to thermal power plants. Only rejects from all processes shall be sent for sanitary landfill site(s). 
 

(e) The windrow area shall be provided with impermeable base. Such a base shall be made of concrete or 
compacted clay of 50 cm thick having permeability coefficient less than 10–7 cm/sec. The base shall be provided 
with 1 to 2 per cent slope and circled by lined drains for collection of leachate or surface run-off; 
 

(f) Ambient air quality monitoring shall be regularly carried out. Odour nuisance at down-wind direction on the 
boundary of processing plant shall also be checked regularly. 
 

(g) Leachate shall be re-circulated in compost plant for moisture maintenance. 
 

(h) The end product compost shall meet the standards prescribed under Fertilizer Control Order notified from time to 
time. 
 

(i) In order to ensure safe application of compost, the following specifications for compost quality shall be met. 
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Biomethane : Environmental Impacts & Advantages42,43 
 
Biomethane is a powerful weapon against climate change. Anaerobic digestion of manure 
and similar materials captures methane emissions which are 21 times more potent/ harmful 
than CO2. In the absence of the biogas technology, methane is emitted to the atmosphere 
due to the decomposing manure and waste, such as sewage sludge, municipal waste, agro 
industrial effluents and agricultural residues. Therefore, the CO2 emissions from burning 
biomethane are a small fraction of the avoided methane emissions from decomposing 
manure and waste. Many advantages & positive impacts on climate are as follows: 
 

 Manure often has a negative emission balance (i.e by turning it into biomethane, it 
avoids more GHG to the atmosphere than what production releases).  

 
 Using pure biomethane in vehicles is a smart cost-efficient way to reduce GHG 

emissions to meet national targets by blending it with natural gas. Blending the two, even 
by using a low biomethane to natural gas ratio, can result in fuel that has substantially 
lower emissions than plain natural gas.  

 
 Using biomethane and natural gas significantly reduces pollutant emissions 

(hydrocarbons, carbon monoxide, nitrogen oxides and particulate matter), as compared 
to gasoline and diesel powered engines, and is also well below the levels of biodiesel 
and bioethanol. This offers an ideal solution to reduce harmful emission levels in cities. 

 
 Biomethane use in transport also has the indirect environmental advantage of 

contributing towards a circular economy.  
 

 Anaerobic digestion also delivers digestate (a valuable organic substance that can be 
used as organic fertilizer in agriculture), which in turn substitutes the need to produce 
millions of tons of CO2 intensive mineral fertilizer. Digesting waste is a much better 
alternative to landfilling and incineration, as it gives used material a second life. 

 

Standard limits of compost as per Schedule-II (A) of SWM Rules-2016 (MoEF&CC)  
 

Parameters Organic Compost 
(FCO 2009) 

Phosphate Rich Organic 
Manure (FCO 2013) 

Arsenic (mg/kg) 10.00 10.00 
Cadmium (mg/kg) 5.00 5.00 
Chromium (mg/kg) 50.00 5.00 
Copper (mg/kg) 300.00 50.00 
Lead (mg/kg) 100.00 100.00 
Mercury (mg/kg) 0.15 0.15 
Nickel (mg/kg) 50.00 50.00 
Zinc (mg/kg) 1000.00 1000.00 
C/N ratio <20 Less than 20:1 
pH 6.5-7.5 (1:5 solution) Max 6.7 
Moisture, % by weight, max 15.0-25.0 25.0 
Bulk density <1.0 <1.6 
Total organic carbon, % by wt, min  12.0 7.9 
Total nitrogen (as N), % by wt. min 0.8 0.4 
Total phosphate (as P2O5), % by wt, min 0.4 10.4 
Total potassium (as K2O), % by wt, min 0.4 - 
Colour Dark brown to black - 
Odour Absence of foul odour - 
Particle size Min 90% material should pass through 4.0 mm IS sieve 
Conductivity (as dsm-1), not more than 4.0 8.2 
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5.  WASTE TO ENERGY  
 
 
5.1  Waste-to-Energy Status in India 
 
Over the years, the waste composition in India has changed drastically. There is a 
phenomenal increase in case of paper and plastic waste, which is estimated over 380% and 
1650% respectively in the year 2011 when compared to the composition of waste with 
respect to these components in the year 1996 and proportion of high calorific value waste is 
increasing. Hence the need arise for serious effort to utilize compostable as well as 
combustible waste, adopting both compostable and waste to energy technologies3,4,57,58, 70,73.  
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
The waste that is generated in the country is not only a mixed waste comprising a large 
amount of inert material but also possess a very high moisture level unlike in other countries. 
High level of moisture together with inerts, make difficult to derive power from the waste. 
There is no proper public system of primary collection from the source of waste generation 
and municipal sanitation workers collect waste primarily through street sweeping, etc. Also, 
there is no practice of sorting of waste at source in a scientific ways. Practically, the system 
of segregated bins for wet, dry and hazardous waste is generally not implemented and 
littering on the streets is being practiced due to lack of awareness3, 58.  
 
Inspite of the various bottlenecks, the solid waste generated from the cities/towns in India 
has present potential to generate power of approximately 500 MW, which can be enhanced 
to 1,075 MW by 2031 and further to 2,780 MW by 20503,58. The State-wise potential for 
power generation from MSW is presented in following graph. 
 
 
 

Figure-78 Composition of Solid Waste in India (1996/ 2005/ 2011)3, 4, 57, 58, 70, 73 
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5.2 Technological Options for Generation of Energy from Waste57, 58, 59, 60, 61 
 
Energy recovery in the form of electricity, heat and fuel from the waste is possible through 
different technologies. These processes are often grouped under “Waste to Energy" (WTE) 
technologies. Under the Indian context, following WTE technologies are suitable:  
 

 Bio-methanation for wet biodegradable wastes : This is an anaerobic 
slurry-phase process that can be used to recover both nutrients and energy contained in 
biodegradable waste. Biogas can be used either as a source of thermal energy or to 
generate electricity by using gas engines and turbines.  

 
 Combustion of RDF :  Segregation of dry high organic component of 

combustible wastes from mixed MSW to prepare fuel in the form of briquette/pellets/fluff 
and combustion of same to generate energy.  

 
 Mass burning of MSW : Complete combustion of MSW as on received basis 

(unprocessed MSW) to generate energy.  
 
In addition to the above, two other technologies which are currently under piloting stage are:  

 Gasification  : It is a process that converts organic or fossil based 
carbonaceous materials into carbon monoxide, hydrogen and carbon dioxide at elevated 
temperature in the presence of limited amount of oxygen.  
 

 Pyrolysis : Pyrolysis uses heat to break down organic materials in the absence of 
oxygen, producing a mixture of combustible gases (primarily methane, complex hydro 
carbons, hydrogen, and carbon monoxide), liquids and solid residues."  

 
 

Figure-79 State wise Energy Potential of Solid Waste in India 3, 58,  
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To assess the suitability of any technology for processing MSW, it is very important to 
broadly analyze the existing as well as expected scenarios. In order to ensure safe disposal 
of the MSW, it is desirable to reduce the pollution potential of waste as well as to recover 
useful products out of it. Best technology shall have:  

 Lowest life cycle cost, 
 Need least land area, 
 Cause practically no/minimum air and land pollution,  
 Produce more energy with less waste; and  
 Cause maximum volume reduction.  

 
Various WtE technologies for waste treatment are given below: 
 

Waste Treatment Method Basic Principle Desirable range of important 
parameters 
 

Thermo-chemical 
conversion 

Decomposition of 
organic matter by 
action of heat 

 Moisture : <45% by mass 
 Organic/VM : >40% by mass 
 Fixed Carbon : <15% by mass 
 Total Inert : <35% by mass 
 CV (net) : >1200 Kcal/kg 

 

(a) Incineration 
(b) Pyrolysis 
(c) Gasification 

Bio-chemical conversion Decomposition of 
organic matter by 
microbial action 

Moisture : >50% by mass 
Organic/VM : >40% by mass 
C/N ratio : 25-30 
 

Anaerobic digestion or  
Bio-methanation 

 
RDF Process (Pre-processing) 57, 59, 60 
 
In order to carry out effective combustion of low quality waste (low CV, high moisture content 
and highly mixed waste), it is necessary to subject MSW to an elaborate pre-processing 
through screening, shredding/sizing, drying and subjecting dried material to air classification, 
to get the combustible fraction of MSW known as RDF. Incineration of RDF for power 
generation not only helps in achieving higher efficiency but also causing lower environmental 
impacts in comparison to that associated with the mass incineration of aqueous/high 
moisture content/low CV and chlorinated waste. Pre-processing of mixed MSW provides a 
better scientific approach for the optimum and the sustainable solution for the Waste 
Management. The approach broadly involves: 

 Organic fraction should go for Composting or Bio-methanation, 
 Combustible (Fuel component) should go for the incineration; and 
 Inerts including C&D Wastes can be converted into usable building products, such as 

building blocks, etc. 
The pre-processing gives following advantage: 

 Sustained and efficient combustion 
 Relatively higher boiler efficiencies 
 Very low maintenance of Boiler (Use of simple grate boiler is possible) 
 Comparatively low specific volume of flue gases 
 Lesser volume of ashes 
 Extra fuel require only for start-up 
 Improved and efficient combustion reduces the quantity of dioxins emitted from MSW 

combustion facilities 
 Good shelf life of RDF-May be transported to nearby power & cement plants as alternate 

mixed coal fuel 
 Combustibility-can be mixed with other solid fuels for energy 
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Comparative advantages of various W-t-E technologies 
 

Mass Incineration  No Major MSW preprocessing thus saving in RDF Plant cost 
 Easier operations 

 

RDF Combustion  Follows the principle of Integrated Waste Management 
 Sustained and efficient combustion 
 Very low maintenance of Boiler (Simple grate Boiler use Possible) 
 Comparatively low specific volume of flue gases 
 Lesser volume of ashes 
 Extra fuel - only for start-up 
 Occasional generation of Leachates - less cost of leachate treatment 
 Good shelf life of RDF. May be transported to nearby power & cement plants 

as alternate mixed coal fuel 
 Combustibility- can be mixed with other solid fuels for energy 
 No foul smell & dust free fuel 

 

Pyrolysis/ Gasification 
(Steam reformation) 

 Much less space requirement for power section 
 Possible in modular units 
 Easier pollution controls 
 Well established technology in large oil refining and chemical plants 

 

Bio-methanation  Decentralized units preferable 
 Additional Organic Manure 
 Simple technology 
 Less space required 

 
 

Comparative dis-advantages of various W-t-E technologies 
 

Mass Incineration  Does not follow principle of Integrated MSW management 
 Low combustion efficiency 
 Low boiler efficiency 
 Larger size specialty boiler 
 Larger specific flue Gas volume – due to MSW moisture 
 Larger Equipment & Heavy cost of flue gas cleaning 
 Larger Volume of Ash 
 Extra supplementary Fuel (Oil) due to lower MSW CV 
 Frequent breakdowns 
 Heavy load of dust in boilers 
 Higher leachate 
 generation in storage pit –more treatment cost 

 

RDF Combustion  High Cost of MSW Preprocessing  
 Low bulk density of RDF 
 Extra Maintainability of RDF Plant 

 

Pyrolysis/ Gasification 
(Steam reformation) 

 High temperature operation 
 Endothermic reactions 
 Specialized materials of construction 
 Highly sensitive to heat losses and process temperatures 
 Needs extensive control system 
 Tar production & deposition related frequent breakdowns, especially 

during start-ups and shutdowns 
 Heavy maintenance 
 Very Sensitive to feed CV & Moisture-Not suitable in Indian context 
 Poor Success rates with heterogeneous feed 
 Suitability only with high CV homogeneous fuels 
 Likelihood of damage to IC engines due to tar deposition 
 Relatively lower efficiency 

 

Bio-methanation  Slurry Management is cumbersome to some extent 
 Feed sensitive to toxics and heavy metals 
 Less Gas production in winters-extra heating required 
 Strict control on segregation 
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Present status of W-t-E plants 
 
There are 7 functional plants of 92.4 MW capacity, 4 non-functional plants of 40.6 MW 
capacity, 31 under construction plants of 241.8 MW capacity and 21 plants under tendering 
stage of 163.5 MW Capacity. Total power generation capacity of all WTE plants in India is 
538.3 MW58. The list of these plants is given below: 
 

Operational Plants 
 

City/ Town of plant location Waste Intake 
MT/day 

 

Power Generation (MW) 

Okhla 
 

2000 16 
Pune, Maharashtra 700 10 (current generation 0.5 

MW) 
 

Solapur, Maharashtra 
 

400 3 
Rabldevpally (V), Sultanabad (M), 
Karimnagar, Telangana 
 

1100 12 
(15 days in a month 9 MW) 

Ghazipur, Delhi# 1300 
 

12  
Jabalpur, Madhya Pradesh - 11.4 

 

Narela-Bawana, Delhi# 3000 
 

24 
# on trial run 

 
Non-operational plants 

 
City/ Town of plant location Waste Intake 

MT/day 
 

Power Generation (MW) 

Kanpur, U.P 
 

1500 15 
Elikkta (V), Mahabubnagar, A.P 200 (RDF 

based) 
6.6 

 

Vijaywada 
 

225 6.0 
Rajamundry, A.P 
 

1074 13 
 

Under construction plants 
 

City/ Town of plant 
location 

Proposed Capacity 
(MW) 

City/ Town of plant 
location 

Proposed Capacity 
(MW) 

Vishakhapatnam, AP 15 Vijaywada, AP 12 
Tirupati, AP 5 Kadapa, AP 5 
Nellore, AP 4 Anantpur, AP 4 
Kurnool, AP 1 Vizianagaram, AP 4 
Tadepalligudem, AP 5 Guntur, AP 15 
Patna, Bihar 12 Surat, Gujarat 11.5 
Rajkot, Gujarat 4 Shimla, HP 1.7 
Ranchi, Jharkhand 11 Bengaluru, Karnataka 8 
Bengaluru, Karnataka 12 Kochi, Kerala 10 
Indore, M.P 8 Pune, Maharashtra 7 
Thane, Maharashtra 10 Nagpur, Maharashtra 11.5 
Imphal, Manipur 1 Kidwai Nagar, N Delhi 1.6 
Bhubaneshwar & 
Cuttack, Odisha 

11.5 Ludhiana, Punjab 8 

Bathinda, Punjab 8 Coimbatore, Tamilnadu 8 
Greater Hyderabad MC 11 Allahabad, UP 6 
Agra, UP 10   
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Plants under tendering 
 

City/ Town of plant 
location 

Proposed Capacity 
(MW) 

City/ Town of plant 
location 

Proposed Capacity 
(MW) 

Guntur, AP  15 Guwahati, Assam 5.0 
Durg-Bhilai, CG 5.0 Raipur, CG 5.0 
Ahmedabad, Guj 15 Karnal, Haryana 3.5 
Sonepat, Haryana 5.0 Bandhwali, Haryana 10 
Srinagar, J&K 6.5 Dhanbad, Jharkhand 12 
Bhopal, M.P 9.5 Gwalior, M.P 6.0 
Rewa, M.P 5.0 Ujjain, M.P 3.5 
Jaipur, Rajasthan 15 Kota, Rajasthan 5.0 
Jodhpur, Rajasthan 6.0 Rampur, U.P 3.0 
Jhansi, U.P 3.0 Gorakhpur, U.P 3.0 
  Deonar Mumbai 3000 TPD waste  

(25 MW) 
 
Various Programmes of the Government of India for promotion of Waste to Energy  
 

Currently the following programmes for support and promotion of Waste to Energy 
generation in India are underway: 
 

(a) Ministry of Urban Development (MoUD) has launched Swacch Bharat Mission (SBM) on 
2nd October 2014 with the target to make the country clean by 2nd October 2019. The 
mission will cover all 4041 statutory towns/cities as per 2011 census. One of the 
admissible components under SBM is Solid Waste Management including Waste to 
Energy with Central support up to 20% of the project cost in the form of Viability Gap 
Funding (VGF)/Grant. All feasible waste processing methods are eligible under Solid 
Waste Management.  

 
(b) MNRE - Programme on Energy from Urban, Industrial & Agricultural Wastes/ Residues 

during 12th Plan Period. As per judgement of the Hon'ble Supreme Court on 15th May 
2007, Ministry of New and Renewable Energy (MNRE) is implementing a Programme on 
Energy Recovery from Municipal Solid Waste (MSW) for setting up of five pilot projects 
from MSW in accordance with the guidelines given by the Hon'ble Supreme Court in the 
order dated 15th May, 2007.  A Central financial assistance of Rs. 2.0 crore per MW 
subject to a maximum of Rs. 10.0 crore per project is provided for projects on power 
generation from MSW. In addition to this, the plant & machinery, equipment, instruments, 
etc. used for initial setting up of power projects are also eligible for concessional custom 
duty exemption and Central excise duty exemptions.  

 
Areas of Concern for W-t-E Projects in India59, 60  
 
The W-t-E industry in India is still evolving and there are very high risks associated with 
these projects in terms of technology, regulatory compliances, pollution norms, local 
problems etc.  
 
A number of policies for the financial support in terms of feed-in-tariffs, subsidies, upfront 
fees, etc. are available in the European countries like Germany, Sweden, UK, USA etc. as 
well as in countries like China, Malyasia and Thailand. 
 
In India, given the state of municipal finances and the relatively low priority accorded to the 
treatment and disposal (substantial budget of municipal solid waste management programs 
in India are for collection and transportation), it would be appropriate that some incentives 
may be provided till the stabilization of W-t-E Industry. Apart from it, the upfront support will 
help in making the projects financially viable for ensuring more and more private sector 
participation and the long-term health of these projects. This will make a successful model 
for the development of W-t-E in India and help in reducing the volume of waste to be land 
filled, thus releasing pressures on the scarce land and avoiding overflowing dumpsites. 



66 
 

 
Power Generation WTE Plant Vs Thermal POWER PLANT59 
 
WtE has primary function of disposal of waste in compliance with the regulatory norms as 
per Environment Protection Act. Power generation is the added advantage in terms of 
offsetting the environmental and carbon footprints associated with the consumption of fossil 
fuel. Coal fired power plants are exclusively for power generation purposes. Thus, the 
comparison between the two may not be holistic in technical terms. W-t-E projects are 
capital intensive, the successful operations of which mainly depends upon good selection of 
technology, process and equipment. Further, these projects require huge capital investment 
and O&M costs, thereby leading to higher cost of waste processing and power generation. 
However, the comparison between the various operability conditions of W-t-E and thermal 
power plant, are summarized below:   
 
 
Parameter W-t-E Plant Thermal Power Plant 

 
 

Operability scale WtE Projects are smaller in size, say 3 
to 24 MW, thereby resulting in higher 
cost per MW of power. 

Thermal power plants are 
comparatively bigger in size, say 
100 to 2100 MW, which makes the 
operations cost-economic thereby 
resulting into lower cost per MW of 
power.  
 

Fuel Processing Pre-processing plant at full scale 
operations is needed for conversion of 
MSW into RDF which not only involve 
higher capital cost but also higher 
operational cost. 
 

Coal Handling Plant (CHP) is the 
essential pre-requisite. However, 
operations are economical as the 
operability scale is quite bigger.    

Corrosion Since RDF is corrosive in nature, the 
equipment used therein are prone to 
corrosion though the extent and 
magnitude may vary widely depending 
upon the composition of MSW. This 
results not only into higher operational 
& maintenance cost but also reduction 
in the useful life of the equipment.  
 

Equipments being used in CHP 
have much higher useful life. 

Human 
Resources 

RDF plant operations are manpower 
intensive; approximately 50-60 
persons are required per shift. 
 

CHP operations require only 4-5 
persons per shift 

Boiler 
Operations 

RDF being low-density fuel generates 
more fly ash during combustion. 
However, fly ash also act as catalyst 
for de-novo synthesis (at 200-450°C) 
for production of dioxins & furans. In 
order to reduce formation of dioxins 
and furans, it is therefore imperative 
that maximum fly ash is removed 
before gases cool- down to the range 
of 200-450°C. This requires multiple 
pass (triple) in radiative section of 
boiler. Hence, much bigger boiler is 
required for W-t-E operations. 
 

In thermal plants boilers are single 
pass (much smaller in size). For 
instance, the boiler of 12 MW W-t-E 
weigh around 2500 tonnes (which 
is 59 TPH). The similar magnitude 
of boiler for thermal plant produces 
about 30 MW of power with 150 
TPH operations. 



67 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Solid Waste Management Rules-2016 issued by the Ministry of Environment, Forests and 
Climate Change (MoEF&CC)6  
 
Clause-21 Criteria for waste to energy process.-  
 
(1) Non-recyclable waste having calorific value of 1500 Kcal/kg or more shall not be disposed of on landfills 

and shall only be utilized for generating energy either or through refuse derived fuel or by giving away as 
feed stock for preparing refuse derived fuel. 

 

(2) High calorific wastes shall be used for co-processing in cement or thermal power plants. 
 

(3) The local body or an operator of facility or an agency designated by them proposing to set up waste to 
energy plant of more than five tonnes per day processing capacity shall submit an application in Form-I to 
the State Pollution Control Board or Pollution Control Committee, as the case may be, for authorization. 
 

(4) The State Pollution Control Board or Pollution Control Committee, on receiving such application for setting 
up waste to energy facility, shall examine the same and grant permission within sixty days. 

 

Schedule-2 (C) Standards for incineration:  
 
The Emission from incinerators /thermal technologies in Solid Waste treatment/disposal facility shall meet the 
following standards, namely:- 

 
Parameters Emission Standard 
Particulate 50 mg/ Nm3 Standard refers to half hourly average value 
HCl 50 mg/ Nm3 
SO2 200 mg/ Nm3 
CO 100 mg/ Nm3 Standard refers to half hourly average value 

50 mg/ Nm3 Standard refers to daily average value 
TOC 20 mg/ Nm3 Standard refers to half hourly average value 
HF 4 mg/ Nm3 
NOx  
(NO & NO2 expressed as NO2) 

400 mg/ Nm3 

Total dioxins and furans 0.1 ng 
TEQ/Nm3 

Standard refers to 6-8 hours sampling. Please refer 
guidelines for 17 concerned congeners for toxic 
equivalence values to arrive at total toxic equivalence. 

Cd + Th + their compounds 0.05 mg/Nm3 Standard refers to sampling time anywhere between 
30 minutes and 8 hours. 

Hg and its compounds 0.05 mg/Nm3 Standard refers to sampling time anywhere between 
30 minutes and 8 hours. 

Sb + As + Pb + Cr + Co + Cu + 
Mn + Ni + V + their compounds 

0.5 mg/Nm3 Standard refers to sampling time anywhere between 
30 minutes and 8 hours. 

 
Note: 
(a) Suitably designed pollution control devices shall be installed or retrofitted with the incinerator to achieve the 

above emission limits. 
 

(b) Waste to be incinerated shall not be chemically treated with any chlorinated disinfectants. 
 

(c) Incineration of chlorinated plastics shall be phased out within two years. 
 

(d) if the concentation of toxic metals in incineration ash exceeds the limits specified in the Hazardous Waste 
(Management, Handling and Trans boundary Movement) Rules, 2008, as amended from time to time, the 
ash shall be sent to the hazardous waste treatment, storage and disposal fcaility. 
 

(e) Only low sulphur fuel like LDO, LSHS, Diesel, bio-mass, coal, LNG, CNG, RDF and bio-gas shall be used 
as fuel in the incinerator. 
 

(f) The CO2 concentration in tail gas shall not be more than 7%. 
 

(g) All the facilities in twin chamber incinerators shall be designed to achieve a minimum temperature of 950°C 
in secondary combustion chamber and with a gas residence time in secondary combustion chamber not 
less than 2 (two) seconds. 
 

(h) Incineration plants shall be operated (combustion chambers) with such temperature, retention time and 
turbulence, as to achieve Total Organic Carbon (TOC) content in the slag and bottom ash less than 3%, or 
the loss on ignition is less than 5% of the dry weight. 
 

(i) Odour from sites shall be managed as per guidelines of CPCB issued from time to time 
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Dioxins, Furans and Dioxin-Like Compounds 
Toxic Equivalency Factors (TEQ/TEF) 

 
 
Dioxins and Furans are the common names associated with polychlorinated dibenzo-p-dioxins 
(PCDD) and polychlorinated dibenzofurans (PCDF). This group of primarily anthropogenic chemical 
compounds can be created as unintended byproducts of a number of human activities including: 
combustion/ incineration of certain types of chemical production, chlorine bleaching of paper and 
other industrial processes. Extensive research has concluded that exposure to dioxins and furans 
can result in biochemical and biological effects in animals and humans. Because these ubiquitous 
compounds accumulate in biological tissues, dioxins and furans have been in the environmental 
spotlights for over two decades. In particular, compounds like, 2,3,7,8- tetrachlorodibenzo-p-dioxin 
(TCDD) and 2,3,7,8 tetrachlorinated dibenzofuran (TCDF) are the most toxic and have been most 
widely investigated. The maximum permissible limits of dioxins and furans in the waste incineration 
emissions as specified in various regulatory instruments is as follows: 
 

Total dioxins and furans 
(as per SWM Rules-2016 
of MoEF&CC, GOI) 
 

0.1 ng TEQ/Nm3 Standard refers to 6-8 hours sampling. Please refer 
guidelines for 17 concerned congeners for toxic 
equivalence values to arrive at total toxic equivalence. 

Dioxins and furans as per 
the Directive 2000/76/EC of 
the European Parliament 
and of the Council of 4 
December 2000 on the 
incineration of waste 
 

0.1 ng TEQ/ Nm3 At O2 content 6%; all average values measured over the 
sampling period of a minimum of 6 hours and a 
maximum of 8 hours.  

 
 
The term “Dioxins and Furans” here refers to 7 isomers of dioxins and 10 isomers of furan as 
per the World Health Organisation.  
 
 
Category 
 

Specific Isomers Compound Name EPA/89List WHO/2005 

Dioxins 2,3,7,8 TCDD Tetrachlorodibenzo-p-dioxin 1 1 
1,2,3,7,8-PnCDD Pentachlorodibenzo-p-dioxin 0.5 1 
1,2,3,6,7,8-HxCDD Hexachlorodibenzo-p-dioxin 0.1 0.1 
1,2,3,4,7,8-HxCDD Hexachlorodibenzo-p-dioxin 0.1 0.1 
1,2,3,7,8,9-HxCDD Hexachlorodibenzo-p-dioxin 0.1 0.1 
1,2,3,4,6,7,8-HpCDD Heptachlorodibenzo-p-dioxin 0.01 0.01 
1,2,3,4,6,7,8,9-OCDD Octachlorodibenzo-p-dioxin 0.001 0.0003 

Furans 2,3,7,8-TCDF Tetrachlorodibenzofuran 0.1 0.1 
1,2,3,7,8-PnCDF Pentachlorodibenzofuran 0.05 0.03 
2,3,4,7,8-PnCDF Pentachlorodibenzofuran 0.5 0.3 
1,2,3,6,7,8-HxCDF Hexachlorodibenzofuran 0.1 0.1 
1,2,3,7,8,9-HxCDF Hexachlorodibenzofuran 0.1 0.1 
1,2,3,4,7,8-HxCDF Hexachlorodibenzofuran 0.1 0.1 
2,3,4,6,7,8-HxCDF Hexachlorodibenzofuran 0.1 0.1 
1,2,3,4,6,7,8-HpCDF Heptachlorodibenzofuran 0.01 0.01 
1,2,3,4,7,8,9-HpCDF Heptachlorodibenzofuran 0.01 0.01 
1,2,3,4,6,7,8,9-OCDF Octachlorodibenzofuran 0.001 0.0003 
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5.3 Overview of Waste Incineration in Europe 
 
The scale of use of incineration as a waste management technique varies greatly from 
location to location. In case of EU-27 countries, the waste-to-energy has been increased 
from 15.7% in the year 2001 to 26.9% in the year 2014. Incineration has been increased by 
100% from 32 million tonnes in 1995 to 88 million tonnes in 2014. Maximum 66% MSW was 
incinerated in Denmark during the year 2014. Sweden incinerated 59% MSW during 2014 
for generation of energy. Figure-7 illustrates the %age of waste incinerated in various EU 
countries as well as average rate achieved by EU-27 courtiers11, 62, 64, 65. 
 
 

 
 

 

Figure-80 Spectrum of Waste Disposal in EU Countries in 2014  

Figure-81 No. of W-t-E Plans in EU Countries in 2014  
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There were 483 numbers of Waste to Energy plants in Europe with total 88.41 million tonnes 
of thermally treated waste during the year 2014. Maximum number of plants 126 were  
therein France with total 14.7 million tonnes of waste incinerated, followed by Germany with 
99 number of plants with 25 million tonnes waste incinerated, Italy 44 number of plants with 
6.3 million tonnes of waste incinerated, Sweden 33 number of plants with 5.7 million tonnes 
of waste incinerated, Switzerland 30 number of plants with 3.8 million tonnes of waste 
incinerated and Denmark 26 numbers of plants with 3.5 million tonnes of waste incinerated11, 

65.   
 
 
 

 
 
5.4 European Best Available Technologies (BAT) in Waste Incineration 62, 76 
 
Various types of thermal treatments, as given below, are applied to the different types of 
wastes in Europe, however not all thermal treatments are suited to all wastes.  

 Grate incinerators 
 Rotary kilns 
 Fluidized beds 
 Pyrolysis and gasification systems. 

 
Municipal solid waste is being incinerated in several combustion systems including 
travelling grate, fluidized beds and rotary kilns. Fluidized bed technology requires MSW to be 
of a certain particle size range– this usually requires some degree of pretreatment and/or the 
selective collection of the waste. 

Figure-82 Map of W-t-E Plans in EU Countries in 2014 65 
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Incineration of sewage sludge generally takes place in rotary kilns, multiple hearth, or 
fluidized bed incinerators. Co-combustion in grate-firing systems, coal combustion plants 
and industrial processes is also applied. Sewage sludge often has high water content and 
therefore usually requires drying, or the addition of supplementary fuels to ensure stable and 
efficient combustion. 
 
Incineration of hazardous and medical waste is generally being carried out in rotary kilns, 
but grate incinerators (including co-firing with other wastes) are also sometimes applied to 
solid wastes, and fluidized bed incinerators to some pretreated materials. Static furnaces are 
also widely applied at on-site facilities at chemical plants. 
 
Other processes have been developed that are based on the de-coupling of the phases 
which also take place in an incinerator: drying, volatilization, pyrolysis, carbonization and 
oxidation of the waste. Gasification using gasifying agents such as, steam, air, carbon-
oxides or oxygen are also applied. These processes aim to reduce flue-gas volumes and 
associated flue-gas treatment costs. Some of these developments are also associated with 
technical and economics problem when being scaled-up to commercial, industrial sizes, and 
are therefore pursued no longer.  
 

Technology Untreated 
MSW 

Pre-treated 
MSW/ RDF 

Hazardous 
Waste 

Sewage 
Sludge 

Clinical 
Waste 

Grate-reciprocating WA WA NNA NNA A 
Grate-travelling A A RA NNA A 
Grate-rocking A A RA NNA A 
Grate-roller A WA RA NNA A 
Grate-water cooled A A RA NNA A 
Grate + rotary kiln A NNA RA NNA A 
Rotary Kiln NNA A WA A WA 
Rotary kiln-water cooled NNA A A A A 
Static hearth NNA NNA A NNA WA 
Static furnace NNA NNA WA NNA A 
Fluid bed-bubbling RA A NNA A NNA 
Fluid bed-circulating RA A NNA WA NNA 
Fluid bed-rotating A A NNA A A 
Pyrolysis RA RA RA RA RA 
Gasification RA RA RA RA RA 
WA : Widely Applied; NNA : Not Normally Applied; RA : Rarely Applied; A : Applied 

 
(a) Grate incinerators62, 76 
 
Grate incinerators are widely applied for the incineration of mixed municipal wastes. In 
Europe approximately 90% of installations treating MSW use grates. Other wastes 
commonly treated in grate incinerators, often as additions with MSW, include: commercial 
and industrial non-hazardous wastes, sewage sludges and certain clinical wastes. Grate 
incinerators usually have the following components62: 
1. Waste feed chute 
2. Waste feeder 
3. Incineration zone 
4. Main incineration zone 
5. Separators for large kernals 
6. Bottom ash discharger 
7. Riddlings 
8. Boiler ash remover 
9. Primary air supply 
10. Secondary air supply 
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Figure-83 Schematic Diagram of Grate Incinerator with Heat Recovery Boiler 62 

Figure-84 Different Grate Types 62 
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Incineration grate62,76 
 

The incineration grate accomplishes the following functions: 
 Transport of materials to be incinerated through the furnace 
 Stoking and loosening of the materials to be incinerated 
 Positioning of the main incineration zone in the incineration chamber, possibly in 

combination with furnace performance control measures. 
 

The primary air blower forces incineration air through small grate layer openings into the fuel 
layer. More air is generally added above the waste bed to complete combustion. It is 
common for some fine material (sometimes called riddlings or siftings) to fall through the 
grate. This material is recovered in the bottom ash remover. Sometimes it is recovered 
separately and may be recycled to the grate for repeated incineration or removed directly for 
disposal. When the sifting is recirculated in the hopper, care should be taken not to ignite the 
waste in the hopper. Normally, the residence time of the wastes on the grates is not more 
than 60 minutes. 
 

Different grate systems can be distinguished by the way the waste is conveyed through the 
different zones in the combustion chamber. Each has to fulfil requirements regarding primary 
air-feeding, conveying velocity and raking, as well as mixing of the waste. Other features 
may include additional controls, or a more robust construction to withstand the severe 
conditions in the combustion chamber. 
 
Bottom ash discharger62, 76 
 
The bottom ash discharger is used 
for cooling and removal of the solid 
residue that accumulates on the 
grate. It also serves as an air seal 
for the furnace and cools and 
humidifies the ash. Water-filled 
pressure pistons and drag 
constructions are commonly used to 
extract the bottom ash. Other 
bottom ash discharges, such as belt 
conveyors are also commonly used. 
Grate ashes, as well as any bulky 
objects are thus conveyed. 
 
The water used for cooling is 
separated from the grate ash at the 
exit, and may be re-circulated to the 
ash discharger.  
 
A water top-up feed is usually required to maintain an adequate water level in the 
discharger. The bottom ash removal shaft is usually fireproof and is constructed in such a 
way that bottom ash caking is avoided 
 
Incinerator Chamber and Boiler62, 76 
 

Combustion takes place above the grate in the incineration chamber. As a whole, the 
incineration chamber typically consists of a grate situated at the bottom, cooled and non-
cooled walls on the furnace sides, and a ceiling or boiler surface heater at the top. As 
municipal waste generally has a high volatile content, the volatile gases are driven off and 
only a small part of the actual incineration takes place on or near the grate. The following 
requirements influence the design of the incineration chamber: 

Figure-85 Type of Ash Remover used at Grate Incinerator 62 
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 Form and size of the 
incineration grate: the size 
of the grate determines the 
size of the cross-section of 
the incineration chamber. 

 Vortexing and homogeneity 
of flue-gas flow: complete 
mixing of the flue-gases is 
essential for good flue-gas 
incineration. 

 Sufficient residence time 
for the flue-gases in the hot 
furnace: sufficient reaction 
time at high temperatures 
must be assured for complete 
incineration. 

 Partial cooling of flue-
gases: In order to avoid 
fusion of hot fly ash at the 
boiler, the flue gas 
temperature must not exceed 
an upper limit at the 
incineration chamber exit. 

 
 

Figure-86 Schematic Diagram of Incineration Chamber 62 

The flue-gas outlet is located 
at the end of the grate. 
Comparatively low amount of 
energy is exchanged between 
the combustion gases and the 
waste on the grate 

The flue-gas outlet is located 
at the front end of the grate. 
The hot flue-gases facilitate 
drying and ignition of the 
waste 

Useful for highly variable 
composition of MSW The 
flue-gas outlet is located in 
the middle of the grate 

Figure-87 Different Design of Furnaces with Differing Directions of Flue Gases & Waste Flow 62 
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Incineration temperature, residence time, minimum oxygen content62, 76 
 

To achieve adequate burn out of the combustion gases, a minimum gas phase combustion 
temperature of 850°C (1100 °C for some hazardous wastes) and a minimum residence time 
of the flue-gases, above this temperature, of two seconds after the last incineration air 
supply have been established as per the legislation (Directive 2000/76/EC and earlier 
legislation)63. Derogations from these conditions are allowed in legislation if they provide for 
a similar level of overall environmental performance. 
 

A minimum oxygen content of 6% is required by earlier legislation but removed from the 
most recent EC Directive on incineration. Operational experiences have in some cases 
shown that lower temperatures, shorter residence times and lower oxygen levels can, in 
some situations, still results in good combustion and may result in overall improved 
environmental performance. However, low oxygen content may lead to significant corrosion 
risk and therefore require specific material protection. The carbon monoxide content of the 
flue-gas is a key indicator of the quality of combustion. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Directive 2000/76/EC of the European Parliament and of the Council of 4 December 2000 on 
the Incineration of Waste65 
 

Article 6 (1) (2), (3), (5) & (6)) 
Operating conditions 

 
1. Incineration plants shall be operated in order to achieve a level of incineration such that the slag and bottom 
ashes Total Organic Carbon (TOC) content is less than 3% or their loss on ignition is less than 5% of the dry 
weight of the material. If necessary appropriate techniques of waste pretreatment shall be used. 
 
Incineration plants shall be designed, equipped, built and operated in such a way that the gas resulting from the 
process is raised, after the last injection of combustion air, in a controlled and homogeneous fashion and even 
under the most unfavourable conditions, to a temperature of 850°C, as measured near the inner wall or at 
another representative point of the combustion chamber as authorized by the competent authority, for two 
seconds. If hazardous wastes with a content of more than 1 % of halogenated organic substances, expressed 
as chlorine, are incinerated, the temperature has to be raised to 1100°C for at least two seconds. 
 
Each line of the incineration plant shall be equipped with at least one auxiliary burner. This burner must be 
switched on automatically when the temperature of the combustion gases after the last injection of combustion 
air falls below 850°C or 1100°C as the case may be. It shall also be used during plant start-up and shut-down 
operations in order to ensure that the temperature of 850°C or 1100°C as the case may be is maintained at all 
times during these operations and as long as unburned waste is in the combustion chamber. During start-up 
and shut-down or when the temperature of the combustion gas falls below 850°C or 1100°C as the case may 
be, the auxiliary burner shall not be fed with fuels which can cause higher emissions than those resulting from 
the burning of gasoil as defined in Article 1(1) of Council Directive 75/716/EEC, liquefied gas or natural gas. 
 
2. Co-incineration plants shall be designed, equipped, built and operated in such a way that the gas resulting 
from the co-incineration of waste is raised in a controlled and homogeneous fashion and even under the most 
unfavourable conditions, to a temperature of 850°C for two seconds. If hazardous wastes with a content of more 
than 1 % of halogenated organic substances, expressed as chlorine, are co-incinerated, the temperature has to 
be raised to 1100 °C. 
 
3. Incineration and co-incineration plants shall have and operate an automatic system to prevent waste feed: 
(a) At start-up, until the temperature of 850°C or 1100°C as the case may be has been reached; 
(b) Whenever the temperature of 850 °C or 1100°C as the case may be is not maintained;  
(c) Whenever the continuous measurements required by this Directive show that any emission limit value is 

exceeded due to disturbances or failures of the purification devices. 
 
5. Incineration and co-incineration plants shall be designed, equipped, built and operated in such a way as to 
prevent emissions into the air giving rise to significant ground-level air pollution; in particular, exhaust gases 
shall be discharged in a controlled fashion and in conformity with relevant Community air quality standards by 
means of a stack the height of which is calculated in such a way as to safeguard human health and the 
environment. 

 
6. Any heat generated by the incineration or the co-incineration process shall be recovered as far as practicable 
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Sewage sludge incineration in MSW Incineration plants (grate furnace) 62, 76 
 
Sewage sludge is sometimes incinerated with other wastes in grate municipal waste 
incineration plants. Under such cases, following concept is to be applied: 

 
 Dried sewage sludge (~90 % d.s) is blown as dust into the furnace. 

 
 Drained sewage sludge (~20-30 % d.s) is supplied separately through sprinklers into the 

incineration chamber and distributed on a grate. The sludge is integrated into the bed 
material by overturning the waste on the grates. 

 
 Drained, dried or semi-dried (~50-60 % d.s.) sludge is mixed with the remaining waste or 

fed together into the incineration chamber. This can occur in the waste bunker through 
targeted doses controlled in a feeding hopper by pumping dewatered sludge into the 
hopper.  

 
(b) Fluidized Bed Incinerator62, 76 
 
Fluidized bed incinerators are widely applied to the incineration of finely divided wastes e.g. 
RDF and sewage sludge. These are being used mainly for the combustion of homogeneous 
fuels. Among these are coal, raw lignite, sewage sludge, and biomass (e.g. wood). The 
fluidized bed incinerator is a lined combustion chamber in the form of a vertical cylinder. In 
the lower section, a bed of inert material, (e.g., sand or ash) on a grate or distribution plate is 
fluidized with air. The waste for incineration is continuously fed into the fluidized sand bed 
from the top or side. Preheated air is introduced into the combustion chamber via openings 
in the bed-plate, forming a fluidized bed with the sand contained in the combustion chamber. 
The waste is fed to the reactor via a pump, or a screw-tube conveyor. In the fluidized bed, 
drying, volatilization, ignition, and combustion take place. The temperature in the free space 
above the bed (the freeboard) is generally between 850 and 950°C. Above the fluidized bed 
material, the free board is designed to allow retention of the gases in a combustion zone. In 
the bed itself the temperature is lower, and may be around 650°C.62 The following fluidized 
bed furnace technologies can be differentiated according to the gas speeds and design of 
the nozzle plate: 
 
Stationary (or bubbling) 
fluidized bed (atmospheric 
and pressurized): The inert 
material is mixed, but the 
resulting upwards 
movement of solids is not 
significant. The rotating 
fluidized bed is a version of 
bubbling fluidized bed. In 
this case the fluidized bed 
is rotated in the incineration 
chamber. This results in 
longer residence time in 
the incineration chamber. 
Rotating fluidized bed 
incinerators can be used 
for mixed municipal waste. 
Stationary fluidized bed is 
commonly used for sewage 
sludge, as well as for other 

Figure-88   Main Components of Stationary/Bubbling FB 62 
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industrial sludges e.g. 
petrochemical and 
chemical industry sludges. 
 

Circulating fluidized bed: 
The higher gas speeds in 
the combustion chamber 
are responsible for partial 
removal of the fuel and bed 
material, which is fed back 
into the incineration 
chamber by a re-circulation 
duct. In order to start-up 
the incineration process, 
the fluidized bed must be 
heated to at least the 
minimum ignition 
temperature of the added 
waste. This may be 
accomplished by 
preheating the air with oil 
or gas burners, which 
remain operative until 
incineration can occur 
independently. The waste 
falls into the fluidized bed, 
where it is crushed through 
abrasion and incineration. 
Usually, the major part of 
the ash is transported with 
the flue-gas flow and 
requires separation in FGT 
equipment, although the 
actual proportion of bottom 
ash (removed from the 
base of the bed) and the fly 
ash depends on the 
fluidized bed technology 
and waste itself. 
 

Fouling problems, which is 
most common in waste 
incineration boilers can be 
managed by controlling 
waste quality (mostly 
keeping Cl, K, Na and Al 
low) and by boiler and 
furnace design. Some 
boiler and furnace designs 
can be used in fluidized 
beds (but not in mixed 
waste grate boilers) 
because of the more stable 
temperatures and the 
presence of the bed 
material. 

Operational criteria for stationary fluidized beds 
Parameter Unit Value 
Steam load Kg/m2h 300-600 
Feed air amount Nm3/m2h 1000-1600 
Heat turnover GJ/m3h 3-5 
Final incineration temperature °C 850-950 
Residence time, open space & 
afterburner zone 

Sec min.2 

Preheating of atmospheric oxygen °C 400-600 
 
 
 

Figure-89   Main Components of Circulating Fluidized Bed 62 

 
 The circulating fluidized bed is especially appropriate for 

the incineration of dried sewage sludge with a high heat 
value. It works with fine bed material and at high gas 
speeds that remove the greater part of the solid material 
particles from the fluidized bed chamber with the flue-
gas. The particles are then separated in a downstream 
cyclone and returned to the incineration chamber. 
 
 

 The advantage of this process is that high heat 
turnovers and more uniform temperature along the 
height can be reached with low reaction volume. Plant 
size is generally larger than BFB and a wider range of 
waste inputs can be treated. The waste is injected at the 
side into the incineration chamber and is incinerated at 
850-950 °C. The surplus heat is removed through 
membrane walls and via heat exchangers. The fluid bed 
condenser is placed between recycling cyclones and 
the CFB, and cools the returned ash. Using this method, 
the heat removal can be controlled. 
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Fluidized Bed Technology is the Best Suited Technique for combined treatment of 
non-recoverable waste and sludge.  
 
(c) Rotary Kilns62, 76 
 
Rotary kilns are very robust and almost any waste, regardless of type and composition, can 
be incinerated in it. Rotary kilns are, in particular, very widely applied for the incineration of 
hazardous wastes. The technology is also commonly used for clinical wastes (most 
hazardous clinical waste is incinerated in high temperature rotary kiln incinerators, but less 
so for municipal wastes. Operating temperatures of rotary kilns used for wastes range from 
around 500°C (as a gasifier) to 1450°C (as a high temperature ash melting kiln). Higher 
temperatures are sometimes encountered, but usually in non-waste applications. When used 
for conventional oxidative combustion, the temperature is generally above 850°C. 
Temperatures in the range 900-1200°C are typical when incinerating hazardous wastes. 
Depending on the waste input, higher the operating temperature, greater the risk of fouling 
and thermal stress damage to the refractory kiln lining. Some kilns have a cooling jacket 
(using air or water) that helps to extend refractory life, and therefore the time. 
 

 The residence time of the solid material in the kiln is determined by the horizontal angle 
of the vessel and the rotation speed: a residence time between 30 to 90 minutes is 
normally sufficient to achieve good waste burnout. 

 
 Solid waste, liquid waste, and sludges can be incinerated in rotary kilns. Solid materials 

are usually fed through a non-rotating hopper; liquid waste may be injected into the kiln 
through burner nozzles; pumpable waste and sludges may be injected into the kiln via a 
water cooled tube. 

 
 In order to increase the destruction of toxic compounds, a post-combustion chamber is 

usually added. Additional firing using liquid waste or additional fuel may be carried out to 
maintain the temperatures required to ensure the destruction of the waste being 
incinerated. 

1. Incineration takes place 
on a bed of swirling sand. 
 

2. Hot primary air is blown 
through the sand bed 
from below. 
 

3. Waste is fed into the oven 
on top of the sand bed. 
 

4. Secondary air is added 
over the top for complete 
combustion. 
 

5. Screw withdraw the sand 
and bottom ash from 
incinerator. Sand is 
screened and reused. 
 

6. Flue gases set out on 
their way through the flue 
gas purification system.  

Figure-90    General Process of Fluidized Bed Incinerator 66 
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Kilns and post combustion chambers for hazardous waste incineration 
 
The operational kiln temperature of installations for incineration usually varies from 850°C 
upto 1300°C. The temperature may be maintained by burning higher calorific (e.g. liquid) 
waste, waste oils, heating oil or gas. Higher-temperature kilns may be fitted with water-
based kiln cooling systems, which are preferred for operation at higher temperatures. The 
operation at higher temperatures may result in molten (vitrified) bottom ash (slag); at lower 
temperatures the bottom ashes are sintered. 
 
The temperatures in the post combustion chamber (PCC) typically vary between 900-1200 
°C depending on the installation and the waste feed. Most installations have the ability to 
inject secondary air into the post combustion chamber. Due to the high temperatures and the 
secondary air introduction, the combustion of the exhaust gases is completed and organic 

Figure-91 (a) & (b)  General Schematic Diagram of Rotary Kiln Incineration System 62 
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compounds (e.g. PAHs, PCBs and dioxins) including low molecular weight hydrocarbons, 
are destroyed. In several countries exemptions from the 1100°C rule are granted, on the 
basis of studies demonstrating that lowering the temperature in the PCC does not influence 
the quality of air emissions. 
 

 
 
 
 
 

Figure-92 (a) & (b)  Schematic Diagram of Drum Type Kiln Plants for Incineration of Hazardous Waste 62 
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In case of hazardous waste incineration, the combination of drum-type kilns and post-
combustion chambers have proven successful, as this combination can treat solid, pasty, 
liquid, and gaseous wastes uniformly. Drum-type kiln plants are highly flexible in terms of 
waste input characteristics. The following broad range is usual in the composition of the 
waste input: 
Solid wastes  : 10 – 70 % 
Liquid wastes  : 25 – 70 % 
Pasty wastes  : 5 – 30 % 
Barrels   : up to 15 %. 
 
To protect the drum-type kilns from temperatures of up to 1200 °C, these are equipped with 
refractory bricks. Bricks with a high content of Al2O3 and SiO2 are being used. 
 
 
5.5  Flue Gas Treatment : Techniques for the reduction of emissions of 

organic carbon compounds62,64,69,76 
 
Effective combustion provides the most important means of reducing emissions to air of 
organic carbon compounds. Flue-gas from waste incineration plants can contain trace 
quantities of a very wide range of organic species including: 

 Halogenated aromatic hydrocarbons 
 Polycyclic aromatic hydrocarbons (PAH) 
 Benzene, Toluene and Xylene (BTX) 
 PCDD/PCDF. 

Polychlorinated dibenzo-p-dioxins (PCDD) and dibenzofurans (PCDF) may form after the 
furnace from precursor compounds. Precursor compounds are, for example, polychlorinated 
biphenyls (PCB), polychlorinated diphenylmethanes (PCDM), chlorobenzenes and 
chlorohydroxybenzenes. 
 

PCDD and PCDF may also form in catalytic reactions of carbon or carbon compounds with 
inorganic chlorine compounds over metal oxides, e.g. copper. These reactions will occur 
especially on fly ash or filter dust at temperatures between 200 and 450 °C. The following 
three mechanisms are believed to lead to the formation of dioxin/furan in waste incineration: 
 

 Formation of PCDD/F from chlorinated hydrocarbons already in, or formed in the 
furnace, (such as chlorohydrobenzene or chlorobenzene) 

 

 de-novo synthesis in the low-temperature range (typically seen in boilers, dry ESPs) 
 

 Incomplete destruction of the PCDD/F supplied with the waste  
 

Optimum flue-gas incineration largely destroys the precursor compounds. The formation of 
PCDD/PCDF from the precursor compounds is, therefore, suppressed. 
 

The emission limit value for the total of dioxins and furans in Directive 2000/76/EC is 0.1 ng 
TEQ/Nm³. Adsorption processes and oxidising catalysts are available, amongst others, for 
achieving this value. Oxidising catalysts are reported to also reduce emission of NH3-slip and 
CO. Emissions of organic hydrocarbon compounds can also be reduced by further dust and 
aerosol deposition, since these pollutant preferably adsorb onto the fine fraction of dust, and 
by enforced flue-gas cooling (condensation). 
 

Adsorption on activated carbon reagents in an entrained flow system 
 

Activated carbon is injected into the gas flow. The carbon is filtered from the gas flow using 
bag filters. The activated carbon shows a high absorption efficiency for mercury as well as 
for PCDD/PCDF. Different types of activated carbon have different adsorption efficiencies. 
This is believed to be related to the specific nature of the carbon particles, which are, in turn, 
influenced by the manufacturing process. 
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SCR systems 
 

SCR systems are used for NOX reduction.  This system also destroy gaseous PCDD/PCDF 
(not particle bound) through catalytic oxidation; however, in this case, the SCR system must 
be designed accordingly, since it usually requires a bigger, multi-layer, SCR system than for 
just the de-NOX function. Destruction efficiencies for PCDD/PCDF of 98 to 99.9 % are 
reported. 
 

Catalytic bag filters 
 

Filter bags are either impregnated with a catalyst, or the catalyst is directly mixed with 
organic material in production of fibres. Such filters have been used to reduce PCDD/PCDF 
emissions. Gaseous PCDD/PCDF can be destroyed on the catalyst rather than adsorbed in 
carbon (as with carbon injection systems). The particle bound PCDD/PCDF fraction can be 
removed by filtration. The catalyst has no effect on mercury and therefore it is generally 
necessary to implement additional techniques (such as activated carbon or sulphur reagent 
etc.) to remove mercury in order to meet the modern Emission Limit Value in air.  The gas 
temperature entering the filter bags should be above 190 °C in order to have effective 
destruction of the PCDD/F and to prevent adsorption of PCDD/F in the media.  
 

Re-burn of carbon adsorbents 
 

Carbon is used to adsorb dioxins (and mercury) at many waste incinerators. Where 
processes have another outlet for the mercury that provides an adequate removal rate, (i.e. 
a greater rate than the input rate to avoid circulation and hence emission breakthrough) it is 
possible for the net dioxin emissions from the plant to be reduced by re-burning the 
adsorbed PCDD/PCDF by re-injection into the furnace. Usually the additional mercury 
removal is provided by a low pH wet scrubbing system. Examples of the application of this 
technique include the re-burn of: 

 Static coke bed adsorbents 
 Entrained flow activated carbon adsorbents 
 Carbon impregnated inserts used to adsorb dioxins in wet scrubbers  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Use of carbon impregnated plastics for PCDD/PCDF adsorption 
 

Plastics are widely used in the construction of flue-gas cleaning equipment due to their 
excellent corrosion resistance. PCDD/PCDF is adsorbed on these plastics in wet scrubbers, 
where the typical operational temperature is 60-70ºC. If the temperature is increased by only 
a few degrees Celsius, or if the dioxin concentration in the gas is reduced the absorbed 
PCDD/PCDF can be desorbed to the gas phase and results in increase emissions to air. 
Lower chlorinated PCDD/PCDFs are subject to the highest de-sorption rate, increases with 
respect to temperature rise. These can lead to increased TEQ values downstream of wet 
scrubbers. 

 
 
 
 
 
 
 
 
 

Municipal Solid Waste Incineration Plant 

Furnace Boiler 

Reformation from 
precursors 

de-novo synthesis 

Dioxin/ furan 
emissions 

Dioxin/ furan 
in waste 

Destruction by 
incineration 

Figure-93  PCDD/PCDF Destruction & Reformation Mechanism in an Incineration Plant69 
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The addition of a tower packing in the scrubber that contains polypropylene embedded with 
carbon provides a means of selectively absorbing PCDD/PCDF (Hg is not absorbed in the 
packing). This material becomes saturated after a certain period of time. Therefore the 
charged material can periodically be removed for disposal or, if permitted, burned in the 
furnace. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Figure-94  Dualistic Principle of Dioxins Formation and Destruction69 

        Raw gas  

Figure-95  Principle of Adsorbent Injection Upstream of Particulate Filter69 
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Figure-96  SCR System for Simultaneous NOx and PCDD/PCDF Removal69 

Figure-97  The AKTINERT Process for PCDD/PCDF Control69 
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5.6 Visit of Indian Stakeholders to Hӧgdalenverket CHP Plant 
 
The Högdalen CHP-plant is a state-of-the-art facility for waste incineration. The plant 
produces electricity and district heating out of waste and other biofuels such as woodchips 
and treated industry waste. The plant handles 700 000 tonnes of waste per year. 
 
The Högdalen plant has been 
used for waste incineration 
since 1970. The objective of 
plant is to convert  household 
waste into electricity instead of 
landfill. When the district 
heating network grew in Stock-
holm it was decided to turn 
Högdalen into a Combined 
Heat and Power-plant. The 
plant‟s two waste heated steam 
boilers was reinforced with oil 
heated steam boiler in 1979. In 
the same year two oil heated 
hot water boilers were also 
commissioned. 
 
 
Subsequently, the plant was 
connected to the local district 
heating network. The waste 
fuels efficiency varies 
depending on the composition 
of the waste. To compensate 
for this, a hot water 
accumulator was installed. In 
1979 the re-construction was 
finished and ever since the 
plant produces both electricity 
and heat. In the 1980´s an 
electricity boiler was installed. 
In 1986 a third industrial waste 
boiler was installed. In 1999 
boiler 6 was built to handle 
industrial waste. In 2005 the 
household waste boiler- 4 was 
inaugurated. 
 
 
 
 
The Högdalen CHP-plant produces heat for the south district heating network in Stockholm 
since 2007 and is connected to the central district heating network via pipes under 
Riddarfjärden in central Stockholm. The south district heating grid is also connected to 
Söderenergis district heating network in the south. 
 
 
 
 

Figure-98 Indian Stakeholders to Hӧgdalen CHP Plant 

Figure-99    Location of Hӧgdalen CHP Plant, Stockholm 
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The Salient Features of Hӧgdalen CHP Plant plant 
 

 Efficient Waste Management 
 Effective Emission Control 
 Energy Generation 

- Heat : 3600 GWh 
- Electricity : 311 GWh 
- Cooling : 72 GWh  
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

Figure-100 (a) & (b)  Operational Area of Hӧgdalen CHP Plant, Stockholm 

Figure-101 Pollution Control & Additional Heat Recovery by Condensation of Flue-gas Water Vapour at Hӧgdalen CHP Plant62 
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Flue-gas condensation62 
 
Water in the flue-gas from combustion comprises evaporated free water from the fuel and reaction 
water from the oxidation of hydrogen, as well as water vapour in the combustion air. When burning 
wastes, the water content in the flue-gas after the boiler and economiser normally varies between 10 
and 20% by volume, corresponding to water dew points of about 50-60°C. During cleaning of the 
boiler with steam the water content in the flue-gas increases to about 25 %. 
 
The minimum possible dry gas temperature at this point is 130 - 140 °C using normal boiler 
construction material. This temperature is mostly determined in order to be above the acid dew 
point, linked to the SO3 content and the H2O content in the flue-gas. Lower temperatures result in 
corrosion. The boiler thermal efficiency (steam or hot water from waste) will, under these conditions, 
be about 85 %, as calculated based on the calorific value of the waste input. However, if there is 
more available energy in the flue-gas, a water vapour will result which has a latent specific energy of 
about 2500 kJ/kg and dry gas with a specific heat of about 1 kJ/(kg °C). Return water from district 
heating at a temperature of 40 - 70 °C (system configuration dependent), can be used directly to 
cool and condense the water vapour in the flue-gas. This system is common at plants burning bio-
fuel, which normally is very wet and gives water dew points of 60 - 70 °C in the flue-gas. 
 
At the Stockholm/ Hӧgdalen plant this system is being used with three conventional grate fired 
steam boilers and one with a circulating fluidized bed. Flue-gases from the conventional grate fired 
boilers are cooled in shot cleaned waste heat boilers to about 140°C. Return water from district 
heating is used as the cooling media. 
 
Flue Gas Treatment (FGT) starts with a dry cleaning system for each boiler in which dry hydrated 
lime is injected and mixed with the flue-gas in a reactor. The acid impurities react with the lime and 
solid salts are formed which are removed in a fabric filter together with fly ash and the excess of 
lime. The final reaction takes place in the dust cake on the bags. The fluidised bed boiler has a 
slightly different reactor as re-circulated dust from the fabric filter is slightly humidified before it is 
mixed with fresh lime and injected into the flue-gases. 
 
The second cleaning stage includes wet scrubbers, which saturate the flue-gas and remove the rest 
of the acid gases, particularly hydrogen chloride (HCl) and sulphur dioxide (SO2). The saturated gas 
leaving the wet scrubbers has a temperature of about 60°C. It is sucked to a tube condenser, which 
is cooled by return water from the district heating at a temperature of 40-50°C. One wet system is 
used for all three grate boilers, although the CFB-boiler has its own. 
 
If the return water temperature is 40°C (the normal case for this plant but very low in comparison 
with the majority of European climates) 14 % additional energy is recovered in the condenser. On 
the other hand, if the return water temperature is 50 °C only about 7 % additional energy is 
recovered. For extreme cases, when the return water temperature is as high as 60°C, no extra heat 
is recovered. 
 
In the Stockholm/ Hogdalen case the flue-gas is reheated before the ID fan and stack and for this 
reheating some MW of low-pressure steam is consumed. It is also possible to operate without this 
reheat but with a wet fan and stack. This simplified example shows that condensation can be 
effective only if there is a comparatively big temperature difference between the water dew point in 
the flue-gas and the cooling water (normally district heating return water). If this condition is not 
fulfilled heat pumps can be installed. 

European Best Practices and exposure to Best Available Technologies in the areas 
of Solid Waste Management, particularly the Waste-to-Energy would definitely help 
Indian Stakeholders to devise necessary strategies and develop necessary action 
plans to enhance the effectiveness of Waste-to-Energy projects in India, which are 
still in the evolving stage.    
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6.  SWEDISH ENVIRONMENT PROTECTION AGENCY AND INDIA  
 
 
6.1 Collaboration between Swedish EPA and India 
 
Since the year 2012 the Swedish Environmental Protection Agency started collaboration with 
India within the framework of the Memorandum of Understanding in the field of environment 
between the Indian and the Swedish Government, which was signed in 2009. 
 
During 2012 the Swedish Environmental Protection Agency started collaboration with the 
Indian environmental organizations. On behalf of the Ministry of Environment, Forest and 
Climate Change (MoEF&CC) and with the Central Pollution Control Board (CPCB) - the 
Swedish EPA's, and Indian Organizations, conducted training programmes for state-level 
environmental regulators on "Compliance, Monitoring and Enforcement". The Swedish EPA 
participates in some of these training programmes. Relevant issues in the training included 
environmental clearances for industries, inspection, waste management, waste water 
treatment, sustainable urbanization, environmental governance and different types of 
environmental instruments such as legislation, economic and voluntary instruments. The 
training builds on interactivity with the participants such as different group exercises and 
provides opportunities for exchange of expertise and experience. The Swedish EPA and 
Indian Organizations will continue the collaboration and conduct more training programmes 
in India and Sweden during the coming years. 
 
6.2 Seminars on Short-lived Climate Gases (SLCP) 
 
A seminar on synergies for climate, air quality and health at SLCP- measures was held in 
Delhi, India, on 4 February 2015. The seminar was organized jointly by the MoEF&CC, the 
Swedish EPA, The Swedish Meteorological and Hydrological Institute (SMHI), the 
Norwegian Ministry of Climate and Environment, the Swedish and Norwegian Embassies 
and the Indian environmental organization Centre for Science and Environment. 
 
A seminar on “how the reduction of SLCP can promote sustainable development” was held 
February 6, 2015 in Delhi, India, in conjunction with the 15th Delhi Sustainable Development 
Summit (DSDS).  
 
6.3 Visit of Indian Stakeholders to Swedish EPA 
 
Indian stakeholders on study tour to Sweden visited Swedish EPA on 15 June 2016. The 
purpose of visit was to apprise Swedish EPA about the ongoing activities of the study tour 
under India-EU Technical Cooperation for Environment together with the aim and objective 
of project. As the objectives of the collaboration between Swedish EPA and MoEF&CC, the 
Government of India has synergies with the ongoing EU-India project on Technical 
Cooperation for Environment, it was significant to organize interactive meet between Indian 
Stakeholder and Swedish EPA for meaningful and purposeful future associations for the 
benefit of Environment Protection. The interactions involved following: 

 Introductions of Swedish EPA experts and Indian experts.  
 Introductory presentation by Ms.Ylva Reinhard about the activities of Swedish EPA and 

collaborative framework of associations with Indian organisations. 
 Presentation on Swedish Waste Management including the legislations and regulatory 

instruments by Ms.Catarina Ӧstlund of Swedish EPA. 
 
The deliberations and interactions between Indian Stakeholders and Swedish EPA would 
definitely culminate into more useful associations particularly in the areas of Capacity 
Building and Skill Development.  
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7.   The Hammarby Sjöstad 

 

7.1 Visit to GlashusEtt (glasshouse) 
 
Indian stakeholders visited GlashusEtt (glasshouse built using eco-technologies)- 
Environmental Information Centre, on 15 June 2016 to understand concepts of urban 
planning as well as associated activities.  
 

The exciting and interesting design and content of GlashusEtt (Glasshouse) make it the 
natural focal point for information on environmental issues in Hammarby Sjöstad. This 
knowledge centre showcase Stockholm with a natural hub for demonstrating the links 
between modern technology and a better environment in an atmosphere of harmony with 
exciting new architecture. The environmental information centre is tasked with spreading 
knowledge through study visits, exhibitions and demonstrations of the “Hammarby Model” 
and new eco-friendly technologies77. 
 
 
 

 

7.2 The Hammarby Sjöstad77 
 

The Hammarby Sjöstad is one of the world‟s highest profile examples of Sustainable City 
Development and is visited by over 10,000 decision makers and specialists in the field every 
year, making it one of Stockholm‟s most important destinations 
 

Showcasing example of eco-friendliness 
 

The city administration has imposed stringent environmental requirements on buildings, 
technical installations and the traffic environment. The goal of the entire environmental 
programme is to reduce the overall environmental impacts to the acceptable level. The focus 
of the architecture is on the use of sustainable materials together with the thorough 
decontamination of the ground prior to the start of construction work. This make the buildings 
in Hammarby Sjöstad much more eco-friendly.  
 

The Hammarby model – A Unique eco-cycle 
 

The integrated environmental solutions are followed through an eco-cycle that is known as 
the “Hammarby model”. The eco-cycle handles energy, waste, water and sewage from 
housing, offices and other commercial activities in the Hammarby Sjöstad. The eco-cycle is 
also designed to act as a role model for the development of equivalent technological 
systems for big cities. The prominent features of the model being followed at the Hammarby 
Sjöstad are as follows: 

Figure-102 (i) & (ii)  Presentation on the Hammarby Sjöstad the Sustainable City in GlashusEtt (glasshouse) 
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Energy 
 Combustible waste & biofuel from nature is converted into district heating and electricity. 
 Heat from treated wastewater is converted into district heating and cooling. 
 Solar cells convert solar energy into electricity. 
 Solar panels utilize solar energy to heat water. 
 Electricity is a “Good Environmental Choice” product, or equivalent. 

 
Water & Sewage 

 Water consumption is reduced through the use of eco-friendly installations, low flush 
toilets and air mixer taps. 

 A pilot wastewater treatment plant has been built specifically for the area in order to 
evaluate new sewage treatment techniques. 

 Digestion is used to extract biogas from the sewage sludge. 
 The digested bio-solids can be used for fertilization. 
 Rainwater from yards and roofs is drained into Hammarby Sjö, rather than into the 

wastewater treatment plant. 
 Rainwater from streets is treated locally using settling basins and then drained into 

Hammarby Sjö, rather than being drained into the wastewater treatment plant. 
 

Waste 
 An automated waste disposal system with various deposit chutes, a block-based system 

of recycling rooms and an area-based environmental station system help the residents 
sort their waste. 

 Organic waste is converted/ digested into bio-solids and used as fertilizer. 
 Combustible waste is converted into district heating and electricity. 
 All recyclable material is sent for recycling: newspapers, glass, cardboard, metal, etc. 
 Hazardous waste is incinerated or recycled. 

 

Figure-103  The Hammarby Model – A Unique Eco-cycle77 
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Unique features of Household Waste Collection 
 
Mobile automated waste disposal 
system 
 
The waste is collected in the mobile 
automated waste disposal system 
ends-up in underground tanks that 
are emptied by a refuse-collection-
vehicle equipped with a vacuum 
suction system. There are separated 
tanks for each fraction: combustible 
domestic waste and food waste. The 
refuse collection vehicle stops at 
docking points where several 
buildings‟ waste tanks are emptied 
simultaneously, but only one fraction 
at a time per collection round. 
 
Stationary automated waste 
disposal system 
 
All refuse chutes are linked by 
underground pipes to a central 
collection station to which they are 
carried by vacuum suction. The 
collection station houses an 
advanced control system that sends 
the various fractions to the right 
container. There is a large container 
for each fraction: combustible 
domestic waste, food waste and 
newspapers. The systems reduce 
transports in the area, which means 
the air is kept cleaner than when 
traditional refuse collection 
techniques are employed. In addition, 
the work environment for the refuse 
collection workers is improved when 
heavy lifting is avoided. 
 
 
 

 
 

Figure-104  Waste Suction Facility in Residential Areas 

Figure-106 (i), (ii) & (iii)  Showcasing Waste Management Technologies in Residential Areas to Indian Stakeholders 

Figure-105   Refuse Collection Vehicle with Vacuum Suction system 
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Transportation  
 

City administration encourage the use of public transport by making it a convenient 
alternative to private vehicle transport. The transit system in Hammarby Sjöstad is based on 
a network of pedestrian sidewalks, bicycle paths, trams, busses, personal vehicles, “shared” 
vehicles, and ferries. In addition to bus and car, the city has number of tram stops which are 
connected directly to the main city subway line.  
 
 

Hammarby Sjöstad has demonstrated how high environmental targets can be met 
through the use of a well-developed masterplan with high levels of investment in 
infrastructure to support environmental-friendly housing. The showcasing example of 
Hammarby Sjöstad would definitely help India to devise strategies for “Smart City 
Mission”.  
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

8. Hammarby Sjöstad : A Unique Environmental Project in Stockholm 

Figure-107 (i) & (iii)  Sustainable City “Hammarby Sjöstad” 

The Gist of Smart City Mission of the Government of India78 
 
Cities are engines of growth for the economy of every nation, including India. Nearly 31% of India‟s current 
population lives in urban areas and contributes 63% of India‟s GDP (Census 2011). With increasing 
urbanization, urban areas are expected to house 40% of India‟s population and contribute 75% of India‟s GDP 
by 2030. This requires comprehensive development of physical, institutional, social and economic infrastructure. 
All are important in improving the quality of life and attracting people and investments to the City, setting in 
motion a virtuous cycle of growth and development. Development of Smart Cities is a step in that direction. 
 
The Objective of Smart Cities in India 
In the approach to the Smart Cities Mission, the objective is to promote cities that provide core infrastructure 
and give a decent quality of life to its citizens, a clean and sustainable environment and application of „Smart‟ 
Solutions. The focus is on sustainable and inclusive development and the idea is to look at compact areas, 
create a replicable model which will act like a light house to other aspiring cities. The Smart Cities Mission 
of the Government is a bold, new initiative. It is meant to set examples that can be replicated both within and 
outside the Smart City, catalyzing the creation of similar Smart Cities in various regions and parts of the country. 
The core infrastructure elements in a Smart City would include: 

 Adequate water supply, 
 Assured electricity supply, 
 Sanitation, including solid waste management, 
 Efficient urban mobility and public transport, 
 Affordable housing, especially for the poor, 
 Robust IT connectivity and digitalization, 
 Good governance, especially e-Governance and citizen participation, 
 Sustainable environment, 
 Safety and security of citizens, particularly women, children and the elderly, and 
 Health and education. 

The Mission will cover 100 cities and its duration will be five years (FY2015-16 to FY2019-20). The Mission may 
be continued thereafter in the light of an evaluation to be done by the Ministry of Urban Development (MoUD) 
and incorporating the learnings into the Mission. 
 
Strategy 
The strategic components of Area-based development in the Smart Cities Mission are city improvement 
(retrofitting), city renewal (redevelopment) and city extension (greenfield development) plus a Pan-city initiative 
in which Smart Solutions are applied covering larger parts of the city.  
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8. WRAP-UP AND WAY FORWARD 
 

 
The EU-India Project on Technical Cooperation for Environment, the thematic areas of which 
have closer synergies with the “Swachh Bharat Mission” and National Action Plan on 
Climate Change, has major aim to create enabling environment for building the capacities of 
Indian Stakeholders so that the project can contribute towards the “Sustainable and Inclusive 
Development of India” through skill development. 
 
As illustrated in this document, the wide-spectrum of Indian Stakeholders comprising of 
policy makers, implementers, regulators, NGOs, private players etc. have been given 
extensive exposure towards following showcasing areas through two numbers of study tours 
to Europe organized in June-2016. 

 State-of-the-art Solid Waste Management with minimal landfilling 
 Smart recycling and up-cycling facilities of waste including Eco-park in old landfill  
 Ultra-modern Waste-to-Energy Projects 
 Holistic Sludge Management 
 Pilot Facility for Upcoming World Largest Membrane Bio-reactor (Advanced technology 

for Sewage Treatment). 
 Cutting edge technologies of bio-transformation of organic waste to bio-gas being used 

for transport after up-gradation to bio-methane. 
 Trendsetting Environmental Management in Stockholm Symbocity, where people‟s 

participation is clearly visible. 
 Leading edge example of “Urban Planning”        

 
The endeavor of Project Consortium is to present a pragmatic document to the Policy 
Makers and Decision Makers of India, which shall not only provide information about the 
advanced waste management technologies being practiced in Europe and have been 
witnessed by the Indian Stakeholders, but also the technical know-how and know-why 
together with the policy requirements of both India and EU. 
 
The current status of waste management in India has been illustrated to systematically 
analyze the extent and magnitude of problem vis-à-vis statutory and regulatory 
requirements. The European Best Practices vis-à-vis the requirements of EU policy 
instruments are compared with methodical rigourness. The overall aim is to provide a 
Decision Support System to the EU-India stakeholders so that necessary actions can be 
envisaged to facilitate Sustainable and Inclusive Development. 
 
Way Forward 
 
The knowledge and insight being acquired by the Indian Stakeholders as well as the Project 
Consortium through various missions and study tours would be well documented and shall 
be widely circulated to enhance technical acquaintances. Not only this, number of 
consultation workshops and seminar, onsite training programmes would be organized till the 
life cycle of the project, to provide a platform to stakeholders to interact on various emerging 
issues. This would create an enabling environment for learning and skill development.      
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9. QUESTION AND ANSWER SECTION 
 
During Study Tours to Europe, Indian Stakeholders raised number of questions, 
which have been addressed by the Project Consortium to the best of its capacity. The 
responses, as given below, are supported by facts and figures wherever applicable.  

 
1. What are the key elements of the Swedish waste management system? 

 
In accordance to Avfall Sverige 2016 “Swedish Waste Management 2016” the municipalities 
are responsible for the collection of any household waste not covered by producer 
responsibility and for its transport to waste treatment plants for recycling or disposal to 
landfill. Waste must be handled in an environmentally responsible manner. Every 
municipality is required to have a waste plan and regulations for waste management. 
Preparation for reuse is also part of the municipal responsibility. The municipalities are also 
working to promote the prevention of waste and recycling.  

Sweden has producer responsibility for recyclable paper, packaging, electrical and electronic 
waste, tires, cars, batteries, and pharmaceutical products.   Producers are responsible for 
collecting and disposing of end-of-life products. This means that there must be suitable 
collection systems and treatment methods for recycling.  

Households are responsible for separating and depositing waste at available collection 
points. They must also follow the municipality‟s rules for waste management. Businesses are 
responsible for disposing of non- household waste and waste that is not covered by 
producer responsibility.  
 
Waste Hierarchy 
 
The waste hierarchy has been incorporated into the Environmental Code. According to the 
legal text, anyone who operates a business or carries out an action shall be conservative 
with use of raw materials and energy, and utilize opportunities to reduce the amount of 
waste, reduce the amount of harmful substances in materials and products,   reduce the 
negative effects of waste, and recycle waste.  
 

Treatment methods 
 
The waste treatment methods used in Sweden are material recycling, biological treatment, 
energy recovery and landfill.     Recycling means that the waste will be used as 
replacement for another material. Preparation for reuse is also a recovery operation. 
According to the definition, this refers to cleaning or repair that enables products that have 
become waste to be reused.   Material recycling reduces environmental impact at the same 
time as it saves energy and natural resources.   Biological treatment closes the eco-cycle 
and returns nutrients to the soil. The waste is treated through anaerobic digestion (i.e. 
treatment with- out access to oxygen) or composting (i.e. treatment with access to oxygen, 
which is known as aerobic treatment). Anaerobic digestion produces digestate and biogas, 
which can be used as a vehicle fuel. Compost is a soil conditioner, which can be used in 
gardens, parks and landscaping.   Energy recovery is a method ideally suited for waste, 
which cannot be recycled in any other way. At the same time, energy recovery generates 
both district heating and electricity.   Landfill is a treatment method for waste that cannot or 
should not be recycled. Landfill entails waste being stored in a manner that is safe in the 
long-term. Sending organic or combustible waste to landfill is prohibited.  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Organisational Structures 

The municipalities must choose themselves how waste management is organized. Local 
government autonomy is part of the Swedish Constitution, and there are several 
organizational structures available (i.e., self-administration , municipal enterprises, 
municipal associations, etc.). Collaboration between municipalities is a natural operational 
structure, providing the greatest possible environmental and social benefits, managing waste 
cost effectively and ensuring the requisite competencies are in place. Municipalities can also 
cooperate in relation to specific issues, such as joint procurement.  

In 66 percent of the country‟s municipalities, the collection of food and residual waste is 
primarily carried out by private contractors. 28 per cent of municipalities carry out collection 
themselves, and the others use a combination of private contractors and in-house collection 
services. Waste treatment is either undertaken by the municipality/municipal enterprise itself, 
or by an external contractor, which can be another municipality, municipal enterprise or 
private company. The distribution between the various structures depends on the method of 
waste treatment.  

Collection & Transportation 

Household food and residual waste can be collected either as a mixed fraction for energy 
recovery or in separate fractions – one for food waste and one for combustible waste. To 
achieve higher levels of material recycling, the curbside collection of packaging and 
newspapers from households is increasing. About 40 percent of apartment blocks and about 
10 per cent of the detached houses in the country currently have access to curbside 
collection.  

Mixed combustible residual waste from single-family houses is generally collected in 190 litre 
bins that are emptied every fortnight. There are also a number of different bag and bin sizes 
emptied at different intervals. Waste from apartment blocks is usually collected on a weekly 
basis.  

The most common collection system for source-separated food waste is in separate bins, 
one for food waste and one for combustible waste. There are also other systems, such as 
optical sorting or multi-compartment systems. Optical sorting requires households to 
separate waste into different coloured bags that are placed in the same bin. These bags are 
then transported to an optical sorting facility where they are automatically separated for 
appropriate treatment.  
 

In municipalities with curbside collection of packaging and newspapers from detached 
houses, the waste is commonly separated into two four-compartment bins, which are 
collected at different intervals. One bin can be intended for e.g. waste such as food waste, 
combustible waste, paper packaging and coloured glass. This is collected every other week. 
The other bin, with e.g. waste such as clear glass, metal, plastic packaging and newspaper, 
is emptied every four or eight weeks. In apartment blocks with curbside collection of 
packaging and newspapers, all fractions are usually collected every week.  
 

Recycling Centres 
 

At the manned municipal recycling centres, households can drop off bulky waste, electronic 
waste and hazardous waste. Bulky waste is household waste that is too heavy, too bulky or 
otherwise inappropriate for collection in bags or bins. In 2015, households dropped off 
1,773,930 tonnes of bulky waste, mostly at manned municipal recycling centres. This 
amount of bulky waste corresponds to 180 kg/person. There are around 583 recycling 
centres throughout the country which combined receive about 26 million visits annually. The 
quantity of bulky waste and hazardous waste dropped off at recycling centres has increased 
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significantly in recent years. Many municipalities have therefore adapted and modernized 
their recycling centres. Neighbourhood recycling centres are currently being tested in several 
parts of the country. Mobile recycling centres are also common.  

Recycling stations 

The producer system, with some 5,800 unmanned recycling stations for handling packaging 
and newspaper, is designed to cover the entire country. The recycling stations have 
separate containers for newspaper and various packaging materials. In recent years, the 
recycling station system has undergone extensive renovation and technical development.  

2.  What is the total waste generation in Sweden and Stockholm? 
 

Sweden generates approximately 4.7 million tonnes of household waste per year (2015). 
The Stockholm region generates around 1.8 million tonnes per year. Stockholm Municipality 
generates around 0.4 million tonnes of municipal waste per year (2013). 
 
Additional sources 
http://www.avfallsverige.se/fileadmin/uploads/Exportsatsningen/swedish_waste_management_140919.pptx 
 
3.  What is the composition of waste in Sweden and Stockholm? 
 

The composition of waste is presented in following figure. The waste was handled as 
follows: landfills (0.7%), energy recovery (50,3%), biological treatment (16%) or recycling 
(33%). 
 
 
 

 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure-108 Swedish Waste Management Statistics (Source: Avfall Sverige, 2016) 
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Additional sources 
 http://www.avfallsverige.se/fileadmin/uploads/Arbete/Remissvar/swm_2016.pdf 
 http://www.municipalwasteeurope.eu/sites/default/files/SE%20Stockholm%20Capital%20factsheet.pdf 
 http://www.avfallsverige.se/fileadmin/uploads/Exportsatsningen/swedish_waste_management_140919.pptx 

 
4. What charges do citizens have to pay for processing and disposal of solid 

waste? 
 

There is a wide range of charges. Indicatively, the average annual waste collection charge 
for a Swedish household in a single-family detached home is SEK 2,035 (230 US$) while 
households in apartment blocks pay an average of SEK 1,305 (150 US$). Additional 
information is presented below: 
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Additional Sources 
 http://www.avfallsverige.se/fileadmin/uploads/Arbete/Remissvar/swm_2016.pdf 
 http://www.cewep.eu/media/www.cewep.eu/org/med_820/1520_sweden_country_report_2016.pdf 
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5. Is there detailed information about the technical design, economic, and 

business plan of each facility that was visited? 
 
Besides the information already presented in the main sections of this report, additional 
information is available as follows: 
 

 https://www.fortum.com/en/energy-production/combined-heat-andpower/ 
sweden/Documents/Download%20H%C3%B6gdalen%20CHP%20power%20plant% 20brochure.pdf 

 http://www.anthropower.com/tour-of-stockholms-hogdalen-waste-to-energy-plant 
 http://www.cewep.eu/media/www.cewep.eu/org/med_820/1520_sweden_country_report_2 016.pdf 
 http://www.eswet.eu/ http://www.cewep.eu/index.html 
 http://sjostad.ivl.se/download/18.36f3359214d517c6a5810d0/1435211995849/Folder+%28 en%29.pdf 
 http://sjostad.ivl.se/download/18.7e136029152c7d48c207ec/1458114217157/Sj%C3%B6st 

adsverket+%28eng%29+uppdaterad+march+2016.pdf 
 

6. Can you provide some indicative reports of compost analysis from the biogas 
plants and especially regarding heavy metals and other parameters? 

 
The EU limits of heavy metals (mg/kg DM) in „waste‟ products that can be applied to land in 
the IEA Bioenergy Task 37 member countries are presented in following figure. 

 
 
 

 
 
 

In 2013, Sweden generated 939.800 tonnes of digestate. Close to 90% of the digestate from 
Swedish waste anaerobic digestion plants is certified according to the certification system 
SPCR 129. SPCR 120 includes among others 

 Requirements on declaration of contents 
 Limits for heavy metals and for application on land (Figure 110) 

 
 

Figure-109 EU Heavy Metals Limits (mg/kg DM) (Source: Al Seadi & Lukehurst, 2012) 
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 Directions for analysis methods 
 Procedure and process to quality assurance (from collection to application on land) 
 Requirements on hygienization 
 Other  

 
The average of 10 plants is presented in Figure- 111 

 
 
 
 

 
(Source: Factsheet Bio-fertilizer. The Rural Economy and Agricultural Societies, 2013) 

 
Additional sources 

 http://www.compostnetwork.info/sweden.html 
 http://renewtec.se/Swedish-biogas-case-studies.pdf 
 http://www.iea-biogas.net/files/daten-redaktion/download/publitask37/ 

digestate_quality_web_new.pdf 
 http://stud.epsilon.slu.se/6765/1/parmlind_e_140519.pdf 

 
7. Can you provide emission and disposal standards for air, water, and soil and 

the relevant legislation as well as indicative reports from some of the facilities? 
 
There are no official emission or disposal standards for anaerobic digestion on the EU level. 
According to the waste framework directive (2008/98/EC) and the Industrial Emission 
Directive (2010/75/EU) all waste management plants have to be licensed or have a 
permission for their operation. The Industrial Emission Directive (Articles 10–12) also lists 
parameters that shall be considered in the application for licensee or permission, as well as 
during operation. The European legislation is implemented in Sweden in the Environmental 
Code, Management Ordinance and Industrial Emission Ordinance. 
 
The major emissions from anaerobic digestion plants are methane leakage, and 
contaminants in the digestate when applied on land. Since the digestion is a wet process 
there is usually no wastewater – water from the process is used when making slurry of the 

Figure-110 Swedish Certification Rules for Digestate (Source: SPCR) 

Figure-111 Average of 10 Swedish Plants 
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waste. The waste is also handled indoors or in tanks so there is no excess water from 
storage areas. In Sweden there are two “voluntary” initiatives that work as some kind of 
standard: 
 

 Certification system SPCR 120. 
 

 “Voluntary Commitment” for methane leakage (so-called methane slips). The facilities 
that have joined this commitment make measurements of methane leakage and take 
steps to reduce the methane slip. There are 20 waste digestion plants that have joined. 

 
Additional sources 

 http://www.avfallsverige.se/fileadmin/uploads/Arbete/Remissvar/swm_2016.pdf 
 http://www.avfallsverige.se/fileadmin/uploads/Exportsatsningen/swedish_waste_management_140919.pptx 

 
8. How does the biogas plant support transport solutions in Stockholm (e.g., 

annual quantities used for transport, available infrastructure, etc.). 
 
Most biogas in Stockholm is used for transport. Summary information about biogas in 
Sweden is presented in Figures 112 and 113. 
 
 
 

 
 
 
 
 
 

Figure-112 Biogas in Sweden (Source: Mathiassion, 2016) 
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Additional sources 

 http://european-biogas.eu/wp-content/uploads/2016/05/03_EBASwedenmay2016.pdf 
 http://www.nordicgreen.net/startups/article/sweden-s-first-plant-production-liquid-biogas-plantdesign-

swedish-biogas-i 
 
9. What is the total amount of sewage & Sludge generated in Stockholm? 
 
Stockholm generates and treats around 355.000 m3 of wastewater per day from around 1 
million people as well as industries. Figure-114 provides useful information about 
wastewater management in Sweden. With respect to sludge, total amount 230,000 tonnes 
as dry solids are generated in Sweden (corresponding wet solids are about 575,000 tonnes). 
The quantity in Stockholm is 77,200 tonnes/ year wet weight with an average of 26.8% dry 
solids (or 20,700 tonnes per year counted as dry solids)  

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure-113 Biogas in Swedish Transport (Source: Mathiassion, 2016) 

Figure-114 Wastewater Management in Sweden (Source: Swedish Environment Protection Agency) 
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10.  What is the capacity of the STPs in Stockholm? 
 

1.6 Million pe in total. 
 
11. What are the parameters/limits of inflow and effluent from STPs? 

 
The outflow parameters in accordance to EU legislation are presented in Figure 115. 

 
 
 

 
 

Additional sources 
 https://www.naturvardsverket.se/Documents/publikationer6400/978-91-620-8704-

3.pdf?pid=13165 
 http://www.euwfd.com/IWA_Krakow_Sep_2005_REV.pdf 

 
12.  How much does it cost to treat 1 tonne of sewage? 
 
Approximately 3 Euro/m3. 
 
13.  What are the financial benefits from the sale of biogas or other byproducts 

(e.g., price)? 
 

Around 2 Euros/kg. 
 
14. What percentage of vehicles are using biogas in Stockholm and Sweden? 
 
Around 50,000 vehicles in Sweden. 
 
Additional sources 
http://european-biogas.eu/wp-content/uploads/2016/05/03_EBASwedenmay2016.pdf 
 
 

Figure-115 Wastewater Treatment Objective (Source: EU Directive 91/271) 
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15. What are the landfill gate fees for different categories of solid waste in 
Sweden? 

 
 Mixed non sorted waste 250 Euro/tonne 
 Clean wood 35 Euro/tonne 
 Clean metal 0 Euros/tonne 
 Organic 100 Euro/tonne 

 
 
 

Additional sources 
 http://ec.europa.eu/environment/waste/studies/pdf/eucostwaste.pdf 
 http://www.recobaltic21.net/downloads/Public/Conferences/Baltic%20Sea%20Waste%20Man 

agement%20Conference%20Cornerstones%20for%20sustainable%20waste%20management 
%20in%20the%20Baltic%20Sea%20region/6_waste_tariffs_in_the_bsr__emma_watkins.p 

 
16.  Do landfills in Sweden get any liquid waste? 
 
No 
 
17. What is the daily average intake of solid waste at landfills? 
 
Approximately 0,7 % in total a year. On an annual basis around 40,000 tonnes of household 
waste are sent to landfills. 
 
18. How much profit / revenue are the facilities generating annually? 
 
The approximate profit of the facilities ranges from 0%-15%. 
 
19. What is the vision of the government to reduce landfill loads in coming years? 
 
The goal of less than 1% has already been achieved. 
 

Figure-116 Gate fees & landfill tax in the EU (Source: EEA 
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20. Is there a website with the legislative framework for the European Union and 
Sweden? 

 
For the legislative framework of the European Union; refer following:  
 

 http://eurlexeuropa.eu/summary/chapter/environment.html?root_default=SUM_1_CODED%3D20,
SUM_2_C ODED%3D2001&locale=en 

 
 For the legislative framework of Sweden see: http://www.swedishepa.se/Guidance & 

http://www.avfallsverige.se/fileadmin/uploads/Exportsatsningen/India_booklet.pdf 
 
Additional sources 
• http://ec.europa.eu/environment/waste/studies/pdf/eucostwaste.pdf 
 
Specific Questions about the Hogdalen Waste to Energy Facility 
 
21. Can you provide technology details of moving grate incineration and fluidized 

bed incineration? 
 
The technologies/brands used are: Martin, Völund, oil, and Foster Wheeler Circulating 
fluidized bed. 
 
22. What were the Capex costs? 
 
Around 300 million Euros. 
 
23. What are the Opex costs? 
 
Around 30 Euros/Tonne. 
 
24. What is the business and financial model of the plant? 
 
The gate fee is 45 Euros/tonne, electricity generation 40 Euros/MWh and heat 20 
Euros/MWh. Details about the model are not available. 
 
25. What is the ash management plan for both bottom ash and fly ash? 
 
Recycling of metals and use for construction on landfill for bottom ash. Fly ash is hazardous 
and is transferred to Norway for special treatment. 
 
26. What is the land requirement (e.g., total land, land used by the plant, etc.)? 
 
The land requirement is 7 ha. 
 
27. What is the capacity of the plant? 
 
The daily capacity of the plant is 2.000 tonnes. 
 
Additional sources 

 https://www.fortum.com/en/energy-production/combined-heat-andpower/ 
 sweden/Documents/Download%20H%C3%B6gdalen%20CHP%20power%20plant%20brochure.pdf 
 http://www.anthropower.com/tour-of-stockholms-hogdalen-waste-to-energy-plant (Useful video) 
 http://www.cewep.eu/media/www.cewep.eu/org/med_820/1520_sweden_country_report_2016. pdf 
 http://www.eswet.eu/ 
 http://www.cewep.eu/index.html 
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10. PROFILE OF PARTICIPANTS OF STUDY TOURS  
 
 
Within the framework of work package WP-6 of the EU-India Project on Technical 
Cooperation for Environment, a one week long Sludge Management Study Tour was 
organised from June 4th-11th 2016 in Sweden and Denmark and one week long Solid Waste 
Management Study Tour from June 11th-18th in Stockholm, Sweden. The various key 
features and learnings are illustrated in from Chapters 2 to 7. Wide-spectrum of stakeholders 
comprising of Environmentalist, Engineers, Policy-makers and Technical Experts (total 17 in 
numbers) representing various organisations such as the Ministry of Urban Development, 
Government of India; Central and Maharashtra Pollution Control Boards; Department of 
Environment of the Government of National Capital Territory of Delhi; Municipal Corporation 
of Delhi (North, South and East); Delhi Jal Board; Municipal Corporation of Greater Mumbai; 
Private Sector and Non-government Organisation, participated in the study tours to Europe. 
The profile of the participants are given below: 
 
Stakeholders from various organisations 
 
 
 
Mr. Mukul Bhandula, Superintending Engineer, Delhi Jal 
Board (mukulbhandula@yahoo.co.in  
Mobile: +91 9650305656) 
Mr. Bhandula is a civil engineer with a post graduate degree in 
Law and MBA (with specialisation in Disaster Management). 
He has been working with the Delhi Jal Board (The Water 
Supply and Sewage Disposal Utility of the Capital City of India) 
since 1989 where he has risen from the post of an Assistant 
Engineer to Superintending Engineer. He has been involved in 
remodelling of Barrage on River Yamuna which passes 
through the city, construction of water and sewage treatment 
plants, a process waste recycling plant and major projects of 
laying water lines. He is currently in charge of the drainage 
side Planning for the City.  
 
 
  
Mr. Praveen Bhargava, Chief Engineer, Delhi Jal Board 
(bhargavapraveen58@yahoo.com Mobile: +91 9650291011) 
 
Mr. Bhargava is a civil engineering graduate of 1979 with a 
post graduate in civil engineering (1981). He has been working 
in Delhi Jal Board since 1983 in various capacities. Since Feb 
2013 he is working as Chief Engineer. Mr. Bhargava has 
remained associated with infrastructural development projects 
in water & wastewater viz. construction of treatment plant, 
construction of water transmission mains, rehabilitation of large 
size sewers, laying of sewers and also maintenance of water & 
sewer network 
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Mr. Satish Rajaram Narkar, Chief Engineer (Mumbai 
Sewage Disposal Project), Municipal Corporation of 
Greater Mumbai-MCGM (satish.narkar@gmail.com; 
che.msdp@mcgm.gov.in Mobile: +91 9833770992) 
 
Mr. Narkar has a B.E Mechanical and PG D In Management 
Studies as well as PG D in Ecology and Environment. He has 
been working with the Municipal Corporation for about 35 
years in the following areas: 1. Operation and Maintenance of 
Sewage Treatment Plant, sewage pumping stations and 
sewerage network; 2. Operation and Maintenance of Storm 
Water Drain and flood control system; 3. Rehabilitation of 
sewer lines by trenchless technology; 4. Construction and 
Commissioning of storm water pumping station. Currently he is 
working as Chief Engineer (MSDP) in charge of Mumbai 
Sewage Disposal Project under which MCGM in implementing 
Sewerage Master Plan for upgradation of sewerage treatment 
plants in Mumbai with a projected capacity of about 3000MLD. 
    
Mr. Mahesh M. Thakur, Deputy Chief Engineer (Water 
Supply Project) Construction I & II, Municipal Corporation 
of Greater Mumbai 
(mmt.mcgm@yahoo.co.in Mobile: +91 9820019494) 
 
Mr. Thakur has been working with MCGM for 33 years and has 
worked at the Mumbai Sewage Disposal Project Phase-I 
funded by the World Bank for 23 years and Mumbai Urban 
Transport Project funded by the World Bank for 8 years. 
Currently he is working as Deputy Chief Engineer (Water 
Supply Project) and with the additional charge of Deputy Chief 
Engineer (Mumbai Sewage Disposal Project). He holds a 
Bachelor of Engineering Electrical, Master of Financial 
Management LL.B, Bachelor of Law and Post Graduate 
Diploma in Alternate Dispute Resolution. 
 
Dr. Ramakant, Deputy Adviser, Ministry of Urban 
Development, Government of India 
(dr.ramakant@nic.in, Mob. +91-9990005652) 
 
Dr. Ramakant is Doctorate in Civil Engineering from Indian 
Institute of technology (IIT) Roorkee. He has been working in 
Central Public Health and Environmental Engineering 
Organization, which is technical wing of the Ministry of Urban 
Development, Government of India. This Ministry is the nodal 
Ministry for urban water supply and sanitation including 
municipal solid waste management to formulate Policy 
Guidelines & Programmes and provide financial and technical 
assistance to the States. He has more than 15 years of 
experience in the urban water supply and sanitation sectors. 
He has over 30 research publications to his credit at national 
and International level and also guided Ph.D. research 
scholars. He is deeply involved in technical appraisal/ review of 
detailed project reports in water supply and sanitation sectors 
and also with Swachh Bharat Mission (Urban) of Govt. of India.      
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Mr. Ratnakar N. Anerao, Assistant Engineer, Municipal 
Corporation of Greater Mumbai 
(ratnakaranerao@gmail.com, +91 9702850915) 
 
Mr. Anerao holds a B.E. (Mechanical Engineering) and an 
MBA (Finance). He works as Assistant Engineer in Solid 
Waste Management Project section since 2014. In the past he 
worked as Sub Engineer at the Bandra Influent Sewage 
Pumping Station from 2007 to 2014.  
 
 
Mr. Mantu Kumar Choudhury, Scientist-E, Central 
Pollution Control Board (CPCB), Ministry of Environment, 
Forests & Climate Change  
(Mantu.choudhury@rediffmail.com, +91 9868129126) 
 
Mr. Choudhury holds a B.E. (Civil) and has been working at 
CPCB since 1989. Initially, he was posted at Zonal Office 
Shillong (Hilly Region) as an Environmental Engineer. 
Subsequently, transferred to the headquarters in Delhi. 
Presently, he is dealing with solid waste matters in the country. 
CPCB was constituted under the Water (Prevention and 
Control of Pollution) Act, 1974. The main functions of CPCB 
are to advise the Central Government, formulate standards & 
guidelines and co-ordinate with the State Pollution Control 
Boards for implementation of provisions of various 
environmental rules/regulations.  
 
 
Mr. Sandip Dutt, General Manager, ITF Ecopolis, Timarpur-
Okhla Waste Mgmt Company Ltd. 
(Sandip.dutt@jindalecopolis.com, +91 9958360016) 
 
Mr. Dutt, a mechanical engineer by profession started his 
career in 1992 and worked for setting up green field / brown 
field projects in the steel, oil, petrochemical, power and 
sugar/distilleries sector. He envisioned making the zero 
wastage WtE model and got the honour to setup and carrying 
out India‟s first, largest, successfully operational “waste to 
energy” plant in the national capital Delhi as the Unit Head. He 
is also heading six more “waste to energy” projects of the 
group at various locations in India. 
 
 
Mr. Amol S. Gundre, Sub Engineer, Municipal Corporation 
of Greater Mumbai 
(amolsgundre@gmail.com, +91 9096303834) 
 
Mr. Gundre holds a B.Tech. (Production Engineering). He has 
been working as Sub Engineer in Solid Waste Management 
Project section since 2011. 
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Mr. Deepak Hastir, Additional Commissioner, North Delhi 
Municipal Corporation 
(Hastir1957@gmail.com, +91 9717788799) 
Mr. Hastir looks after the Department of Environment 
Management Services. He has been associated with the Delhi 
Municipal Corporation for more than 30 years in various 
capacities and manning civic administration. 
 
Mr. Ankit Jain, Technical Officer, Ministry of Urban 
Development, Government of India 
(ankit.j@nic.in, +91-8860968762) 
Ankit Jain is M.tech. in Environmental Engineering from 
National Institute of technology (NIT) Bhopal, Madhya 
Pradesh. He has been working in Central Public Health and 
Environmental Engineering Organization, which is a technical 
wing of the Ministry of Urban Development, Government of 
India. This Ministry is the nodal Ministry for urban water supply 
and sanitation including municipal solid waste management to 
formulate policy guidelines & programmes and provide 
financial and technical assistance to the States. He has more 
than 7 years of experience in the urban water supply and 
sanitation sectors. He is deeply involved in technical appraisal/ 
review of detailed project reports in water supply and sanitation 
sectors and also with Swachh Bharat Mission (Urban) of Govt. 
of India. 
 
Dr. Anil Kumar, Director, Department Environment, 
Government of National Capital Territory of Delhi 
(Dr.anilkumardelhi@gmail.com) 
Dr. Kumar holds a Ph.D. from the Indian Institute of 
Technology (IIT) Kanpur and an MBA. He is the Director of the 
Department of Environment, Govt of Delhi looking after various 
environmental and pollution control issues. He has been the 
Post Doctoral Fellow at Dept of Biochemistry, University of 
Medicine & Dentistry of New Jersey, USA. He has also worked 
at the Institute of Genomics and Integrative Biology and done 
research/ development work in the area of environmental 
biotechnology. He has 8 national and international patents and 
20 publications in international journals. He has attended a 
number of seminars on environmental issues. He also had the 
additional charge of Executive Officer, Energy Efficiency & 
Renewable Energy Management Centre, Govt of Delhi.  
 
Mrs. Jyoti Mhapsekar, President, Stree Mukti Sanghatana 
(smsmum@gmail.com, +91 9867724529) 
Mrs. Mhapsekar is a community leader from Women‟s 
Movement of India since 1975 and at present President of the 
non-governmental organisation Stree Mukti Sanghatana (SMS 
Women's Liberation Organisation). Under her leadership SMS 
has organised 5000 waste pickers in Mumbai and nearby 
cities. The Parisar Vikas programme was launched in 1998 by 
SMS in cooperation with the Municipal Corporation of Greater 
Mumbai. The programme aims to address the problems of 
waste management and of self-employed women engaged in 
the „menial‟ tasks of collecting waste. SMS has trained 
hundreds of women in fine sorting, composting and 
biomethanation.  
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Mr. Vivek Pandey, Additional Commissioner, East Delhi 
Municipal Corporation (Vivekias.2003@gmail.com,  
+91 7838321655, +91 8588888377) 
Mr. Pandey, who is an officer of the prestigious Indian 
Administrative Service, held various senior administrative 
positions in different Government Departments such as District 
Administration, Health, Education and Urban Development.  
Currently, he is working as Additional Commissioner in East 
Delhi Municipal Corporation. He has completed a Master‟s 
Degree in Global Urban Development and Planning from 
University of Manchester, U.K. (2014-15). As an Additional 
Commissioner of EDMC, he deals with issues related to civic 
amenities including collection and disposal of solid waste.  
 
Mr. Umesh Sachdeva, Engineer in Chief, South Delhi 
Municipal Corporation (umeshsachdevace@gmail.com, +91 
9717786906) 
Mr. Sachdeva holds a degree in Civil Engineering (1981) and 
has worked in various capacities in the Municipal Corporation 
of Delhi. During this period he has been involved in the 
construction and maintenance of roads, buildings and now for 
the past two years associated with the sanitation related 
activities at South Delhi Municipal Corporation. He oversees 
the sanitation arrangements, such as sweeping of roads, 
garbage collection & disposal, compost plant, vehicle fleet 
management and other initiatives including setting up of waste 
to energy plant and construction & demolition waste plant. 
 
Dr. Y.B. Sontakke, Joint Director (Water Pollution Control), 
Maharashtra Pollution Control Board 
(jdwater@mpcb.gov.in, +91 9869440127) 
Dr. Sontakke holds an M.S. (Env.) Ph.D. D.I.S. and currently 
works as an expert at the water pollution control division. He 
has worked in the field of municipal solid waste management, 
e-waste management, hazardous chemical and waste 
management including wastewater management. He also 
possesses experience in handling oil spills. Dr. Sontakke has 
participated in a number of national and international 
workshops in the above areas and has been involved in 
implementation of environmental legislation in industries and 
public sector.  

 
Ms. Ashwini Thakar, Manager Programmes & Projects, 
Mumbai First (ashwini@mumbaifirst.org, +91 9920041242) 
Ms. Ashwini Thakar has been working for more than 6 years 
with “Mumbai First,” a not-for-profit organization with the vision 
of improving quality of life in Mumbai and making it a globally 
competitive world-class city. She has been actively involved in 
organizing and implementing various programs, workshops 
and on-going initiatives coordinating and networking with 
multiple nodal agencies, governmental and international 
bodies to drive focus on the agenda of development, 
environment and sustainable urbanisation. Ms. Thakar has 
worked extensively on European Union, BRICS, UNICEF and 
other projects. She holds a Bachelor‟s degree in commerce; 
led by her passion she acquired academics of NGO 
Management and Youth Work from International Youth Centre 
Delhi, pursuing post-graduation program in Development 
Management from the SP Jain Institute of Management and 
Research. 
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Delegation of the European Union to India 
 
Mrs. Francesca Renzi, Programme Manager at the 
Delegation of the European Union to India 
(Francesca.RENZI@eeas.europa.eu)  
 
Mrs. Renzi is in charge of overseeing the planning, 
implementation, and monitoring of programmes in the field of 
environment and climate change, trade and private sector 
development. She joined the European Union in 2007, after 
working for the Italian Ministry of Foreign affairs and the United 
Nations in North Africa and West Africa. She holds a Master's 
degree in Economics from Bocconi University, Milan, Italy. 
 
IVL Sweden Project Team 
 
Mr. Ronny Arnberg, Director, IVL (ronny.arnberg@ivl.se) 
 
Mr. Arnberg has worked in the waste management sector for 
more than 40 years, most of that time as a Manager for waste 
in a Swedish Municipality. From 2008 he was the President for 
the Swedish Waste Management Association International 
group, while he has served for 30 years as team leader in 
several International waste projects.  
 
Ulf Burman , Senior Advisor, IVL (ulf.burman@ivl.se) 
 
Mr. Burman is responsible for the management of international 
European Union projects, cooperation with   India, South 
Africa, Brazil, Eastern Europe, etc. He also serves as a Senior 
Advisor to the European Business Centre in India.  
 
Östen Ekengren  Executive Vice President,  IVL 
(osten.ekengren@ivl.se) 
 
Mr. Ekengren has 35 years of experience on research and 
international cooperation in EU, China, India, Chile, Thailand, 
etc. in clean technology, environment, and climate change 
projects. He established the IVL technology department and 
the IVL office in China. He is a board member in European 
innovation technology platforms, chairman in Stockholm clean 
tech, and manager of the IVL waste water treatment plant - bio 
gas research plant in Stockholm, Hammarby Sjöstadverk. 
 
Mr. Jan-Olov Sundqvist, Senior Researcher, IVL  
(jan-olov.sundqvist@ivl.se) 
 
Jan-Olov has worked with research, development and 
consulting in waste management since 1973. Key projects 
include waste and waste treatment, waste statistics, 
classification of waste, waste management planning, waste 
management in development countries, production of national 
waste, etc. 
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DTI Denmark Project Team 
 
 
Executive Vice-President David Tveit, Danish 
Technological Institute (dt@dti.dk; +4572202000) 
 
David Tveit has considerable leadership and management 
experience in Research and Technology Organizations 
(RTOs). For over the past 10 years, David has been 
responsible for several Divisions at the Danish Technological 
Institute, including Environment, Materials, Production, ICT & 
Training and presently Energy & Climate. David Tveit has been 
responsible for the Institute strategy, customer relations and 
government liaison plus DTI‟s efforts in major research and 
development programs. Internationally, Mr Tveit acts as 
Executive Committee Member, European Focal Point for 
WAITRO (World Association of Industrial and Technological 
Research Associations), as a Member of the JRC-TTO (Joint 
Research Centre – Technology Transfer Organisation) and a 
Founding member of the Global Research Alliance comprising 
some of the world‟s leading RTOs. 
 
Consultant Klaus Litty, DTI Life Science, Centre for Water 
and Resources (kli@dti.dk; +4572202000) 
 
Klaus Litty has diploma degree in civil engineering with focus 
on infrastructure planning and wastewater treatment in civil 
engineering, followed by a Dr.-Ing.-degree in wastewater 
treatment at the University of Karlsruhe (Germany), where he 
intensively studied the use of wastewater treatment 
technologies in Germany, India and China. Mr Litty has visited 
many waste treatment plants all over India, also in 
Maharashtra. Since 2008, Klaus works in Denmark as 
consultant for wastewater treatment technologies, first at 
ALECTIA A/S and since 2012 at DTI. His current main work 
fields are industrial and decentralized municipal wastewater 
treatment.  
 
Production Manager Henrik Correll, Fors A/S 
(henrik@fors.dk; +457020 2066) 
 
Henrik Correll has a background in environmental engineering 
with a focus on environmental and quality systems. 
Responsibilities at Fors A/S, a utilities company, include 
optimizing resources and solving challenges intelligently. This 
has included optimizing maintenance and planning, energy 
efficiency, technical upgrading of facilities, change 
management and centralizing departments, insourcing and 
outsourcing of services, etc. and ensuring smoother transition 
of projects to practice. Mr Correll has worked with Fors A/S 
since 2007. 
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India Project Team 
 
Dr. Panagiotis Karamanos, Team Leader, EU Technical 
Cooperation for Environment in India Project 
(KaramanosP1@gmail.com, primary number +306945156778; 
secondary +919987985322) 
 
Dr. Karamanos, has been working in India since 2011 on 
environmental, sustainable urbanisation and capacity building 
projects. From 2011-2014 he cooperated with the Indian 
Directorate General of Civil Aviation on the country‟s noise and 
climate change aviation regulatory framework and capacity 
building. For more than a decade he managed the 
Environmental Department at Athens International Airport and 
has also served as visiting faculty at Duke University.  
 
Dr. V. K. Verma, Joint Director of Environment Protection 
Division of Shriram Institute for Industrial Research Delhi 
& Alternate Team Leader of the EU Technical Cooperation 
for Environment in India Project  
(vkverma@shriraminstitute.org, +91 9810198528) 
 
Dr. Verma, a Ph.D in Chemistry has 40 years of experience in 
research, education and capacity building and has executed 
over 200 projects of national and international importance in 
various countries. He has over 50 research publications to his 
credit and regularly guiding researchers who are pursuing 
Ph.D and M.Tech in various Indian Universities. He is 
approved by the Ministry of Environment, Forests and Climate 
Change (MoEF&CC). He is also the principle member of 
various committee of the Bureau of Indian Standard and on the 
expert panel of various technical committees. 

 
 
Dr. Jagdish Kumar, Short Term Expert-Solid Waste 
Management, EU Technical Cooperation for Environment 
in India Project 
 
Dr. Jagdish Kumar, a Ph.D in Environmental Chemistry, has 
29 years of experience in the multi-disciplinary areas of 
environment protection. He is approved by the Ministry of 
Environment, Forest & Climate Change (MoEF&CC) as 
Environmental Analyst in addition to his approval as EIA 
Coordinator and Functional Area Expert for disciplines like 
solid and hazardous waste management including MSW; water 
pollution prevention and control; risk and hazard management 
and air quality modelling by the NABET/QCI. 
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11. FEEDBACK FROM THE PARTICIPANTS OF STUDY TOURS  
 
 
The feedback received from various participants of the study tour is given below: 
 
 
 
"On behalf of the Ministry of Urban Development, Govt. of India, we would like to thank the 
EU Technical Cooperation for Environment in India project for providing such an informative 
technical support/tour to Denmark and Sweden on sludge and waste management. The 
learning from the workshop will certainly help us to prepare the guidelines on the subject(s) 
at the National Level. The coordinated support provided was appreciable and beyond the 
expectation." 

 
 
 
 
 

Dr. Ramakant, Dy. Adviser (PHE) 
Ministry of Urban Development 

 
 
Extremely well organized study programme of sludge management will go a long way in 
taking various decisions in sludge disposal in Delhi in various Sewage Treatment Plants. 
Such study programs should include more participants from the organization to trigger 
thought process from very start while conceiving the waste water plant. Dr.Verma provided 
good support. 
 

 
 
 
 
 

 
Praveen Bhargava, Chief Engineer 

Delhi Jal Board 
 

There are many pluses I could gather from the visit and conference. 

 

 
 
 
 

Satish Narkar, Chief Engineer 
Municipal Corporation of Greater Mumbai 
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Excellent arrangements made for the solid waste management study workshop 
 
 
 
 
 

 
 

Dr. Anil Kumar. Director,  
Dept. of Environment, Government of 

NCT of Delhi 
 
 
I am grateful for having me in this wonderful and very informative study visit. I feel I have 
graduated to a next level in knowing and educating myself the waste management 
processes and challenges in details in a different geography. Thank you for being a 
wonderful colleague and mentor and looking forward to learn, share and work together 
towards disseminating the learnings and making SWM successful to a huge extent in our 
geographical set up and reforming our SWM practises and habits, learning from Sweden's 
Environment Governance, commitment, professionalism and dignifying the people who 
actually work and deal with it at the ground level. 
 
 
 
 

 
 

Ashwini Thakar, Manager, 
Programmes & Projects, Mumbai First 

 
 
The environmental health of Sweden was maintained at ideal situation i.e the lesson one has 
to take during study tour. The Stockholm is cleanest city in the World, India may try for 
Metros to follow urban waste management being implemented in Stockholm. 
 

 
 
 
 

 
 

Dr. Y. B. Sontakke,  
Joint Director (WPC) 

Maharashtra Pollution Control Board, Mumbai 
 
We thoroughly enjoyed the “complete trip“ and now we need to set our goals and do our bit 
to improve the systems in India. The company of each and every participant was quite 
awesome. 
 

 
 
 

 
Sandip Dutt, General Manager, ITF Ecopolis,  
Timarpur-Okhla Waste Mgmt Company Ltd.  
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An exceptional tour. 
 
 
 
 
 
 

Umesh Sachdeva, Engineer-in-Chief,  
South Delhi Municipal Corporation 

 
 
Such seminars/conferences should be organized periodically. 

 
 
 
 
 

 
 

Deepak Hastir, Additional Commissioner 
North Delhi Municipal Corporation 

 
 
“We are grateful to entire EU Project Team with especial thank to Dr. P. Karamanos and Dr. 
V.K. Verma for a well organised study tour. It was a great exposure covering all major 
aspects of solid waste management in Stockholm, Sweden which is one of the best 
managed cities in this respect. Surely we will use the experience and learning of this tour to 
improve solid waste management in India.” 
 
 

 
 
 
 
 
 

Ankit Jain,Technical Officer (PHE) 
Ministry of Urban Development 
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12.  BRIEF ABOUT PROJECT CONSORTIUM ORGANISATIONS  
 
 
 
I. IVL Swedish Environmental Research Institute, Sweden 
 
The IVL Swedish Environmental Research Institute is an independent, non-profit research 
institute, owned by a foundation jointly established by the Swedish Government and Swedish 
industry. IVL Swedish Environmental Research Institute was established in 1966 and has 
since then been involved in the development of solutions to environmental problems, at 
national and international level. IVL undertake research projects and contract assignments in 
the entire environmental field. The activities include for example climate issues, 
environmental technology, indoor environment, waste management, working environment, 
environmental measurements, and environmental quality evaluation. IVL also performs 
studies of the environmental effects in air, water, and soil, and the institute has its own 
accredited laboratories for analysis. All activities are linked to six major theme areas: Climate 
and energy, Sustainable building, Air and transport, Sustainable production, Resource-
efficient products and waste, and Water. The broad scope of IVL's activities, combined with 
its multidisciplinary approach, enables IVL to offer its customers holistic solutions, as well as 
answers to highly specific problems. 
 
II. Danish Technological Institute, Denmark 
 
The Danish Technological Institute (DTI) is a self-owned and not-for-profit institution. 
DTI develop, apply and disseminate research and technologically-based knowledge for 
the Danish and International business sectors. DTI undertakes consultancy and 
standardization services, which contribute to a dynamic and harmonious development of 
society with the objectives to ensure that new knowledge and technology quickly converted 
into value for customers in the form of new or improved products, materials, processes, 
methods and organizational structures. The major focus of DTI is on: 

 Innovation and competitiveness 
 Management and training 
 Sustainable exploitation of resources 
 Cost-effectiveness in company and society 

 
III. Shriram Institute for Industrial Research, Delhi, India 

 
The Shriram Institute for Industrial Research (SRI) established in the year 1947. SRI is an 
independent, not-for-profit, self-sustaining, multi-locational contract research organization of 
international repute dedicated to support wide-spectrum of stakeholders through industrial 
research. The major Thrust Areas of SRI are Environment Protection Division (EPD) 
including Atmospheric Science, Micro-meteorology, Water Resources Management, Waste 
Management, EIA/EMP, Climate Change and Chemical Risk and Hazard Assessment; 
Biological Sciences; Material Sciences and Analytical Sciences. SRI is accredited by NABL, 
ISO-9001, ISO-14001, OHSAS 18001 and QCI/NABET in addition to its approval by the 
MoEF&CC. The EPD provides services in multi-disciplinary areas with the overall 
objectives, such as: 

 Facilitation in devising Decision Support Systems for Sustainable Development.  
 To support regulators by providing unbiased monitoring data.  
 Natural Resource Accounting and Assessment of supportive capacity of ecosystem. 
 Capacity Building of Stakeholders for making effective strategies.   
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AD : Anaerobic Digestion 

AFPRO : Action for Food  Production  

AP : Andhra Pradesh 

As : Arsenic 

ASP : Activated Sludge Process 

BAT : Best Available Technology 

BGFP : Biogas Fertilizer Plant 

BIOFOR : Biological Filtration and Oxygenated Reactor  

BIS : Bureau of Indian Standards 

BOD : Biochemical Oxygen Demand 

BOO : Built, Own and Operate 

BPGP : Biogas based Power Generation Programme 

BSAP : Baltic Sea Action Plan 

C&D : Construction & Demolition  

CaO : Calcium Oxide 

CASP : Cyclic Activated Sludge Process 

CBG : Compressed Biogas 

Cd : Cadmium 

CEN : Comitè Europèen de Normalisation 

CG : Chhattisgarh 

CH4 : Methane 

CHP : Coal Handling Plant/ Combined Heat and Power 

CNG : Compressed Natural Gas 

Co : Cobalt 

CO2 : Carbon dioxide 

COD : Chemical Oxygen Demand 

CPCB : Central Pollution Control Board 

Cr : Chromium 

Cu : Copper 

CV : Calorific Value 

DIN : Deutsches Institut für Normung e.V. (German Institute for Standardization) 

DJB : Delhi Jal Board 

DO : Dissolved Oxygen 

DPCC : Delhi Pollution Control Committee 

DPS : Duckweed Pond System 

Ds : Dry Solids 

DTI : Danish Technological Institute  

EBPR : Enhanced Biological Phosphorous Removal 
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EC : European Commission 

ECN : European Compost Network 

ECNQAS : European-wide Quality Assurance for Compost 

EEA : European Environment Agency 

EEC : European Economic Community 

ESP : Electrostatic Preciptator 

EU : European Union  

F/M : Food to Microorganism Ratio 

FAB : Fluidized Aerated Bed 

FAL : Facultative Aeration Lagoon 

FGT : Flue Gas Treatment 

GHG : Greenhouse Gas 

GWh : Gigawatt hours 

H2 : Hydrogen 

HCl : Hydrochloric Acid 

HDPE : High Density Polyethylene 

HF : Hydrofluoric Acid 

Hg : Mercury 

HRT : Hydraulic Retention Time 

HSSV : Hammarby Sjӧ stadsverk 

IEC : Information, Education and Communication  

IVL : IVL Swedish Environmental Research Institute 

J&K : Jammu & Kashmir 

KTH : Royal Institute of Technology 

KVIC : Khadi and Village Industries Commission 

LPG : Liquefied Petroleum Gas 

M.P : Madhya Pradesh 

MBR : Membrane Bio-reactor 

MLD : Million Liters per Day 

MLSS : Mixed Liquor Suspended Solid  

Mn : Manganese 

MNRE : Ministry of New and Renewable Energy  

MoEF & CC : Ministry of Environment, Forests and Climate Change  

MoUD : Ministry of Urban Development 

MSDP : Mumbai Sewage Disposal Project 

MSW : Municipal Solid Waste 

MW : Mega Watt 

NABL : National Accreditation Board for Testing and Calibration Laboratories  

NBMMP : National Biogas and Manure Management Programme 

NCT : National Capital Territory 
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Ni : Nickel 

NO : Nitric Oxide 

NO2 : Nitrogen dioxide 

NOx : Nitrogen Oxides 

NPBD : National Project for Biogas Development 

NSR : Nordvästra Skånes Renhållning AB 

O&M : Operation and maintenance  

OEM : Original Equipment Manufacturer 

PAC : Programme Advisory Committee 

PAN : Polyacrylonitrile 

PAO : Phosphorous Accumulating Organisms 

Pb : Lead 

PCBs : Polychlorinated Biphenyls 

PCC : Pollution Control Committee 

PCDD : Polychlorinated dibenzo-p-dioxins 

PCDF : Polychlorinated dibenzofurans 

PCDM : Polychlorinated diphenylmethane 

PE : Polyethylene 

PES : Polyethylsulphone 

PESO : Petroleum & Explosive Safety Organisation 

PHA : Polyhydroxyalkanoates 

PP : Polypropylene 

PSA : Pressure Swing Absorption 

PVDF : Polyvinylidene difluoride 

Q&A : Questions & Answer 

R&D : Research & Development 

RDD&D : Research, Design, Development and Demonstration 

RDF : Refused Derived Fuel 

RDF : Refused Driven Fuel 

SAFF : Submerged Aeration Fixed Film 

Sb : Antimony 

SCR : Selective Catalytic Reduction 

SLCP : Short-lived Climate Gases 

SMPs : Soluble Microbial Products 

SPCB : State Pollution Control Board 

SRI : Shriram Institute for Industrial Research 

SRT : Solid Retention Time 

STPs : Sewage Treatment Plants  

SV : Stockholm Vatten 

SVAB : Stockholm Vatten AB 
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SWM : Solid Waste Management 

TEQ : Toxic Equivalency Factor 

TF : Trickling Filter 

Th : Thorium 

TKN : Total Kjeldahl Nitrogen 

TMP : Trans-membrane Pressure 

TOC : Total Organic Carbon 

TPD : Tones per day 

UASB : Upflow Anaerobic Sludge Blanket Process 

UK : United Kingdom 

ULBs : Urban Local Bodies 

UP : Uttar Pradesh 

UWWTD : Urban Waste Water Treatment Directive 

V : Vanadium 

WB : West Bengal 

WSPS : Waste Stabilization Pond System 

WTE : Waste to Energy 

WWTP : Waste Water Treatment Plant 

 
 
 
 
 
 
 
 
 
 
 
 
 



 


