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Faranegar Industrial Design & Engineering Company

Faranegar Industrial Design & Engineering Company (FIDEC) is legally established and
registered at Tehran registration office under No:136272 in 1997 as a private joint Stock

Consulting Engineers company.

Managing Director: Ahmad Nasri Mohajeri

Number of Employees: 140

Engineering Work Load: 200,000 man-hour/year

6 Offices in different countries: Iran, Germany, ltaly, Ukraine, China, South Korea
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Faranegar Industrial Design & Engineering Company

National and international reliable partner in
collaboration with all stockholders to accomplish Oil,
Gas, Petrochemical projects, considering sustainable

development.

FIDEC
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Faranegar Industrial Design & Engineering Company

Sustainability

Formal Procedure
& Instruction

Systems Thinking
approach to design

Green Modern
Technology

Sustainability
Management
&
Social
Responsibility

People and Society

Train and
Development of
Employees

Environment
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Faranegar Industrial Design & Engineering Company

Company Structure

Company Process Map

4 ( Planning ;
—i | contract Initiation! Engineering ‘ Procurement c::;t:i::;':':’"gi 7 Contract Closure -
: [ Monitoring and Control )

Strategic Planning

Management Review
and Improvement

Employer and
Stockholders Feedback

IT and
Communicati

Resources

Business
Development
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Human Resource

Management Auditing and

Supervision

Equipment and

Hardware Corrective and

Preventive Actions
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Faranegar Industrial Design & Engineering Company

Company Structure

Company Organization Chart
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Faranegar Industrial Design & Engineering Company

Project & Contract Management

Feasibility Conceptual Frqnt Erjd BaSIC : D_etall : Project Construction \Commissioning Operation
Study Design Engmeermg Engmeermg Engmeermg Procurement &' | & Managerment
Design (FEED) / Design (BED) Design (DED) Supervision Start-Up 9

Upstream
Geoscience
Drilling Services
Logistic
Supply boat, fast boat
Supply yard and logistic
Radial jet drilling
Artificial lifting
Maintenance and work over of wells
and platforms

Coil Tubing services FIDEC
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Faranegar Industrial Design & Engineering Company

Project & Contract Management

Feasibility Conceptual Frqnt Erjd BaSIC : D_etall : Project Construction \Commissioning Operation
Stud Desian Engineering Engineering Engineering Procurement & & M
Y 9 Design (FEED) / Design (BED) Design (DED) Supervision Start-Up anagement

Refinery
Oil Refining Lube Oil, Waxes and White Ol

Utility, Automation, Full
Senvices & Consuitant

Atmospheric Distillation
Vacuum Distillation

Hydro treating,
Desulphurization
Hydrocracking

Catalytic Reforming

Fluid Catalytic Cracking (FCC)

lIsomerization F'DEC

Al Kylation Excellence in

Collaboration




Faranegar Industrial Design & Engineering Company

Project & Contract Management

Feasibility Conceptual EFrolnt Erjd . B_asm:_ . D_etall_ Project Construction \Commissioning Operation
Studly Design ngineering ngineering ngineering Procurement &_ | & Management
Design (FEED) / Design (BED) Design (DED) Supervision Start-Up 9

Petrochemical

Chlor-Alkali Plant

Chlorides Compound (EDC, VCM, PVC)
Olefins (Ethylene, Propylene, ...)

Aromatics (TDI, MDl, ...)

Polymers ( PP, SBR, EPDM, HDPE)

Fertilizers

Utility, Automation, Full Services & Consultant

FIDEC
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Faranegar Industrial Design & Engineering Company

Project & Contract Management

Feasibility Conceptual EFrolnt Erjd . B_aS|c_ . D_etall_ Project Construction \Commissioning Operation
Studly Design ngineering ngineering ngineering Procurement &_ | & Management
Design (FEED) / Design (BED) Design (DED) Supervision Start-Up 9

Environment

Renewable Energy (Solar)
Plant Optimization
Effluent Reduction
Emission Reduction
Flare-gas recovery
Greenhouse gas emission reduction
Waste Water Treatment
Hazardous waste management

N —DEC
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Faranegar Industrial Design & Engineering Company

Process Revamping of Chlor - Alkali Unit from
Mercury to Membrane Electrolyzers

Client
Bandar Imam Petrochemical Complex

Contract Type
EP

Scope of contract

All basic engineering, process design and all required
services regarding the supply of electrolyzes only and
the engineering needed for the cell-room structural
modifications design:

Basic engineering for brine preparation, evaporation,
chlorine driers, hydrogen blower, chlorine neutralization
units.

Design, fabrication and supply of all parts, sections,
materials, and equipment in relation to the electrolyzes.
Including the supply of special tools jigs and tackles for
the electrolyzes.

Provide assistance to EMPLOYER's staff during the
pre-commissioning and commissioning activities of the
electrolyzes through deployment of CONTRACTOR's
qualified personnel at the plant site, on man-hour rate
basis.

Transportation and delivery of the electrolyzes and its
related spare parts and special tools to the plant site of
BIPC.

Supply of all necessary documents, designs,
drawings, O/M manuals, in relation to the electrolyzes.

Provide supervisory services during the installation
and erection of the electrolyzes and other sections.

Territory

- 4

Chlor - Alkali Unit I ID EC
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Faranegar Industrial Design & Engineering Company

Engineering, Procurement and Construction of
Saturated Salt Water Unit

Client
Arvand Petrochemical Complex

Contract Type
EPC

Scope of contract

Basic and detailed engineering, procurement,
construction and commissioning of saturated brine
unit including:

Engineering in Process, Mechanic, Piping, Civil,
Electrical and Instrumentation Discipline

Procurement of main equipment and bulk
material

Construction and installation of all Mechanical
equipment, Piping, Electrical equipment,
instruments and etc.

Territory

Saturated Salt Water Unit

FIDEC
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Faranegar Industrial Design & Engineering Company

Scope of contract

Engineer@ng, procurement, construction and
Engineering ’ Procurement and Installation commissioning of tank inventory system which can

be developed to tank management system.
of Tank Inventory System P 9 y

Client _
NIOPDC Co. Territory

Rafsanjan / Sirjan / Zabol / Khash / Iranshahr /
Contract Type Aboomoosa / Bandar Lenge / Qeshm / Kish / Shiraz
EPC / Lar / Eghlid.

AN
o
&

FIDEC
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Faranegar Industrial Design & Engineering Company

Scope of contract

Detailed Technical Survey

Consultant Services for Development Projects Feasibility Study
: Conceptual Design
Client . .
Abadan Petrochemical Co. Basic Design
Contract Type Detailed Design
E

Supervision over procurement

Supervision over construction

Territory
Chlor - Alkali Unit
EDC Unit
Olefin Unit

VCM Unit

P\V/C Unit I:IDEC
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Faranegar Industrial Design & Engineering Company

Awards and Certificates

¢ Certificate of Qualification for Consultation Services(Grade 1)

¢ Bronze Rating Certificate of Commercial Card

* Energy Globe National Award

* EAST Award for Green Project (Chlor Alkali Plant Process Revamping)
¢ HSE-MS

° 1SO /TS 9001:2010

° 1SO 9001:2008

® 1SO 14001:2004

* OHSAS 18001:2007

$C c @@ FlDl’E/é
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Faranegar Industrial Design & Engineering Company

Memberships

* Member of Association of Petroleum Industry Engineering & Construction

Companies
* Member of Association of Industrial Automation Companies
* Member of Society of the Iranian Industries & Mines

* Member of R & D Center Professional Institute of Industry and Minerals

@ uf;:“-wr:; <<¢ FlDE/Cm
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FIDEC FIDEC

Faranegar Industrial Design

& Engineering Company s S8 ol b S0
Office : Address:No.13, Erfan Alley, Mirza shirazi Ave, Motahari St,Tehran WO oy ye ax 65 g5l sl e LS s b HLLS oyl 105 2 w0
Tel. : +98(21) 88557273 (multi-lines), ANAAYYVY 8l
Fax: +98(21) 88718519 AYIAOYA ;58

VOAPYYYYYY : cemaS
info@fidec.ir : ||
www.fidec.ir :colusg

Emaill: info@fidec.ir,

Website: www.fidec.ir
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THERMAL BUCKLING OF COMPOSITE PLATE, THERMAL STRESS J., USA.

THERMAL BUCKLING OF COMPOSITE PLATE WITH IMPERFECTION, THERMAL
STRESS J., USA.

BUCKLING OF SHELL WITH STIFFENING RING UNDER EXTERNAL PRESSURE,
MECHANICAL J., SHARIF UNIVERSITY, IRAN
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“Review of Peng Robinson EOS with new alpha function” with Dr A. Fazlali, A. Hekmat, N. Banijamali,
submitted in 12th ICEC (lran Chemica Engineering Congress), Sahand Tabriz University, Tabriz, Iran,
2008

“Chemical Reactors Scale-up” with S Sharafoddinzadeh, H Noroozi; accepted in 7th SCCE (Student
Conference of Chemica Engineering), Esfahan University, Esfahan, Iran, 2006

“Designing and Developing a Pilot Plant for Waste Lubricant Recovery and Treatment” with Dr K
Motahari; accepted in 10th ICEC (Iran Chemical Engineering Congress), Sistan & Baloochestan
University, Zahedan, Iran, 2005

“Developing a New Way to Produce Anhydrous HF” with Dr E Joodaki, M Sarlak, accepted in 10th ICEC
(Iran Chemical Engineering Congress), Sistan & Baloochestan University, Zahedan, Iran, 2005

“Simulation of Olefin Plant of Abadan Petrochemical Complex” with Dr K Motahari; accepted in 5th SCCE
(Student Conference of Chemical Engineering), Amir Kabir University of Technology, Tehran, Iran, 2004
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Introduction to QM S requirements based on 1SO 9001-2008 & 1SO/TS 29001-2007 & Process Approach,
Tehran, 2009

Introduction to Oil & Gas Subcontractor HSE Instruction, Tehran, 2009

Introduction to EMS based on 1SO 14001:2004 & Introduction to OH& S Based on OHSAS 18001:2007,
Tehran, 2009
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ASME BOILER & PRESSURE VESSELS, SEC.VIII, DIV. 1

Iran Society of Mechanical Engineers

ASME BOILER & PRESSURE VESSELS, SEC.VIII, DIV.2

Iran Society of Mechanical Engineers
"PV-ELITE + TANK"
Press. Vessels & Tanks Analysis Program

SR. WELDING

INSPECTION —-"CSWIP 3.2"

THE WELDING INSTITUTE (TWI) UK
Welding & Prehesat of Carbon Steels
Welding of Stainless Steels
Quality Standardsin Welding

NDT Principles

Gas - Turbine Engines Characteristics & Performance

Iran Air Training Facilities, Mehrabad Airport, Tehran

PV-ELITE
AUTOCAD
MS-OFFICE
MATHCAD
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Optimal Energy Pricing for Integrated Natural Gas and El ectric Power Network with Considerations

for Techno-Economic Constraints, Feb 2017, Energy Journal, Sciencedirect.com

General procedure for long-term energy-environmental planning for transportation sector of
devel oping countries with limited data based on LEAP (long-range energy alternative planning) and
Energy PLAN, Energy Journal 77 - October 2014, Sciencedirect.com
Integrated resource planning for Iran: Development of reference energy system, forecast, and long-
term energy-environment plan Energy Journal 46(1):374-385 - October 2012, Sciencedirect.com
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Tank Design Dunning Tank 2.5, API 650
PV ELITE, ASME XIlI

AUTO CAD 2000
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AUTO CAD
SOLID WORK
PDMS
CADWORK
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Boushehr Petrochemical (Utility Area)

ALSADR gas station (in Iraqg)

Khargisland gas gathering & NGL recovery (Utility Area)

Bandar Abbas Gas Condensate Refinery

Varavi Gas Compressor Station

Bandar Abbas Gas Condensate Refinery — SRU uint

Kharg Island gas gathering & NGL recovery (Storage and Process unit)
Sirri Wellheads & Production platforms revamping (Offshore platforms)
M.1.S. Oil Desalting and Production project
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Internet (Professional Search)

CMS (Content Management Systems) — Word press

Adobe Photoshop
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BlackForest Solutions ¢
Berliner Straf3e 69
13189 Berlin, Germany
info@bfgroup.org

itional Petrochemical Company (NPC)
Mr. Saeed Baghbani, HSE & Quality Director
No.144, Sheikh Bahaei Street, Molasadra Street
Tehran, Iran Berlin, 21 June 2017

Letter of Authorization: Oil, Gas and Petrochemical Industry Waste Management Busine
Development for BlackForest Solutions GmbH in Iran

To whom it may concern,

Herewith we confirm that Faranegar Industrial Design & Engineering Company (“FIDEC”), registere n
No.13, Erfan Alley, Mirza Shirazi Ave, Motahari Street, Tehran, Iran, acts as our sole representative
agent for opportunities in the oil, gas and petrochemical industry in lran and is authorized to negotiate,
develop business cases and hand in BlackForest Solution GmbH proposals on behalf and in consultation
of BlackForest Solutions GmbH.

Yours sincerely,

BlackForest Solutions GmbH

e
. Sebastian Frisch
MD MD
A1
BlackForest Salutions GmbH | | Registered office: Berlin, Germany Bank details: Berliner Sparkasse
Local court Berlin-Charlottenburg, Index: HRB 175302 B IBAN: DE39 1005 0000 0190 5122 02

Executive board: Sehastian Frisch, Kevin Negoro Kasih BIC: BELADEBEXXX
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"‘ German RETech Partnership

Recycling & Waste Management
Made in Germany

About RETech:

The worldwide demand for recycling and waste management technologies is high and will continue to rise. The raw
materials, which become scarcer, and an increasing environmental awareness in the emerging economies contribute to
this. The German recycling and waste management industry has excellently been prepared for meeting this worldwide
demand. The international market share of German companies with 25% is already remarkable in this area. However,
there are still great potentials for the export of German technology, concepts and services, which have not been used yet.
To use these potentials and promote the export of German technology as well as the know-how transfer by a cooperation
of the individual players is a major concern for RETech. At the same time, RETech and its members provide an important

contribution to improving the standards in the waste management industry worldwide.

RETech consolidates companies and institutions from the entire area of the waste management and recycling industry
from collection and logistics to treatment and marketing as well as consultation, planning, research and teaching under
one roof. The RETech activities are supported by an advisory body in which the BMU, the BMWi and BMZ, SRU, UBA,
Glz, KfW as well as the BDE associations, the bvse, VKU, VAK and VDMA cooperate. Prof. Faulstich, SRU chief
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executive officer, is the chairman. Due to this network the RETech platform provides a unique opportunity for supporting

the establishment of a well-ordered waste management industry, improving the requirements

significantly for the export of German waste management and recycling technology. RETech consolidates all companies
and institutions involved in the waste disposal chain.

German RETech Partnership e. V. (RETech)

With increasing ecological awareness, a strong demand for modern, customised recycling and waste management
technologies and an advanced waste management infrastructure has developed in many countries. This is why German
companies in the circular economy and waste management sector not only target European and OECD markets but are
also increasingly interested in the markets of emerging economies and developing countries. To strengthen the export of
innovative technologies and the transfer of know-how and to mutually support each other, a number of German recycling
and waste management companies founded the "German RETech Partnership” association in 2011.

Over the past 20 years Germany's circular economy and waste management sector has developed along very innovative
lines in terms of both technology and organisation. German legislation was instrumental in accelerating this process. The
Circular Economy Act, product regulations such as those governing packaging, end-of-life vehicles, batteries and
electrical equipment, as well as the legal provisions of 2005 stipulating the treatment of municipal waste prior to landfilling
have brought about efficient and extremely reliable waste management and recycling technologies. Notable examples are

separate collection and
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sorting of waste, thermal treatment including energy recovery, mechanical-biological treatment and fermentation
processes for biowaste.

With their products and technological solutions German companies have helped ensure that waste management in
Germany meets very high technical and environmental standards. This state-of-the-art is now also becoming more
established in Europe and beyond — for instance through the Industrial Emissions Directive.

The German Recycling Technologies and Waste Management Partnership e. V. (RETech) developed from the Federal
Environment Ministry's 2007 Export Initiative Recycling and Efficiency Technologies and was established in late 2011.
RETech focuses on support for the international application of sustainable environmental technologies made by German
companies. RETech serves as a contact point for all public and private organisations and institutions in Germany and
abroad that are interested in German recycling and efficiency technologies. It also provides a platform for businesses,
institutions and consultants considering international activities. REtech is also intended to be:

o akey player which supports the long-term strategy of the German government;
e animportant contact for the government ministries working in the field of the circular economy;

o a multiplier for the information flow from the federal ministries to the companies concerned.
RETech has a range of working groups that deal with regional aspects and specific projects.

The regional working groups are:
« regional working group CIS

« regional working group South-East Europe



glllll‘llaﬂllm &) FDEC

| 31. July. 2017
w Tehran. IRAN

e regional working group Middle East

« regional working group emerging and developing countries

e regional working group China.
There are also two technical working groups to address fundamental issues of waste management and export promotion.
One focuses on household waste and one on financing.
RETech's work is accompanied by an advisory board made up of representatives from the BMUB, BMWi, BMZ,
GTAI, UBA, GIZ, KfW as well as the associations BDE, bvse, VKU, VAK and VDMA.

RETech 's objectives

o Improvement of the export requirements for companies in the recycling and waste management industry

o Improvement of the competitivity of the German SME and promotion of the marketing of sustainable and innovative
recycling and efficiency technology

« Promotion of know-how transfer

« Establishment of a network of ministries, subordinated authorities, scientific institutions and associations which
support the export of German recycling and waste management technology and knowledge transfer

o Development and improvement of the international standards in the waste management industry, in particular in
the developing and emerging countries

« Support of policy, domestic and abroad, in establishing a regulatory framework for the waste management industry



31. July. 2017
Tehran. IRAN

e Support of foreign partners in the application of sustainable environmental technology and sustainable

environmental management

International Cooperation:

Global Entrepreneurial Engagement for sustainable Development

There is a rapidly increasing demand for technologies and concepts for an efficient solid waste management in developing
and emerging countries. Growing waste amounts require new approaches, which are functional under the prevailing and
often challenging local frame conditions. This again creates interesting long-term opportunities for the European solid waste
and recycling sector. In particular German enterprises with their tremendous experience in the sector may explore new

markets.

The German development cooperation promotes the engagement of the German recycling industry with a multitude of tailor-
made support programs in Asian Africa, Latin-America and the Middle East, and South-East Europe. The support programs
aim at the implementation of joint projects that promotes a sustainable development: through the establishment of an
integrated solid waste management as well as through the generation of employment and income.

For this purpose the German Federal Ministry of Economic Cooperation and Development (BMZ) provides an attractive

spectrum of Support- and Financing Programs, and consultancy that ease the access to new markets for German

enterprises.


http://www.bmz.de/en/index.html
http://www.retech-germany.net/en/themes/support-programs/
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UNEP - Global Waste Management Outlook

Plastic bags made from recycled material in Mauretania (Photo: G12)

The GWMO provides the first comprehensive overview about the global state of solid waste management at the 21.
Century. The Outlook is an up-to-date status report and at the same time an appeal to the international community for

taking necessary action.

The Global Waste Management Outlook is based on the initiative and developed under the supervision of the UNEP
International Environmental Technology Centre (IETC) and the International Solid Waste Association (ISWA) as the result

of a two-years work of international experts in 2015.


http://web.unep.org/ourplanet/september-2015/unep-publications/global-waste-management-outlook
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The Regional Network for integrated Solid Waste Management in the MENA Region (SWEEP-Net)

Biogas power plant in Jordan (Photo: G1Z)

In the frame of the BMZ financed Project sector-relevant data and information have been collected, analyzed, compiled

and published for the partner countries_Algeria, Egypt, Jordan, Lebanon, Mauretania, Morocco, Palestinian

Territories, Tunisia and Yemen. The respective country reports may be downloaded with the related links.


http://www.sweep-net.org/activities/cost-environmental-degradation
http://www.sweep-net.org/country/algeria
http://www.sweep-net.org/country/egypt
http://www.sweep-net.org/country/jordan
http://www.sweep-net.org/country/lebanon
http://www.sweep-net.org/country/mauritania
http://www.sweep-net.org/country/morocco
http://www.sweep-net.org/country/palestinian-territory
http://www.sweep-net.org/country/palestinian-territory
http://www.sweep-net.org/country/tunisia
http://www.sweep-net.org/country/yemen
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Cost of Environmental Degradation

In many developing and emerging countries economic and social cost / benefit calculation have not yet entered strategic

planning processes, especially not in the solid waste management:

In 2014 the regional network SWEEP-Net in cooperation with the Center for Mediterranean Integration (CMI) and jointly
together with its

local partners has launched a cost analyses of environmental degradation due to an inappropriate solid waste
handling for the cities Beirut (Lebanon), Tunis (Tunisia) und Rabat (Morocco). The findings have been published in 3

subsequent Cost of Environmental Degradation (COED) reports.

The analyses aim at the quantification of macro-economic costs and loss of opportunities resulting from environmental
mismanagement and, hence, compare them vis-a-vis necessary investments for an integrated solid waste management
system. The results have been translated into complementary policy notes for political decision makers

in Beirut, Tunis and Rabat.



http://www.retech-germany.net/fileadmin/retech/03_themen/themen_internationale_zusammenarbeit/CASWD_LEBANON.pdf
http://www.retech-germany.net/fileadmin/retech/03_themen/themen_internationale_zusammenarbeit/CASWD_TUNISIE.pdf
http://www.retech-germany.net/fileadmin/retech/03_themen/themen_internationale_zusammenarbeit/CASWD_MAROC.pdf
http://www.retech-germany.net/fileadmin/retech/03_themen/themen_internationale_zusammenarbeit/COED_FACTSHEET_LIBAN_WEB.pdf
http://www.retech-germany.net/fileadmin/retech/03_themen/themen_internationale_zusammenarbeit/COED_FACTSHEET_TUNISIE_WEB.pdf
http://www.retech-germany.net/fileadmin/retech/03_themen/themen_internationale_zusammenarbeit/COED_FACTSHEET_MAROC_WEB.pdf
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Support programs of the EU and Germany

The German Government and in particular the German Federal Ministry for Economic Cooperation and Development
(BMZ) welcomes private sector engagement in developing countries and emerging economies, and supports a whole
range of programmers and initiatives - from project support in a 'development partnership' to tailored funding options and

access to networks of suitable personnel. Furthermore offers the EU various programs. Inform yourself about the choices
Overview funding system

The German System to promote the foreign trade is characterized through task sharing between the state and the
economy. The task are split up between state institutions like the foreign representations of the Federal Foreign
Office or Germany Trade & Invest (GTAI), which is

Under the scope of responsibility of the Federal Ministry for Economic Affairs and Energy and the representations of the

German economy - the chambers of commerce.

The Federal Ministry for Economic Affairs and Energy wants to support German companies - particularly SMEs - as they
do business with international growth markets. The ministry works together with the German economy and initiatives
(Asia-Pacific Committee of German Business, Latin-America-Initiative, North Africa Middle East Initiative, Committee on

Eastern European Economic Relations) to develop instruments.



http://www.auswaertiges-amt.de/EN/Startseite_node.html
http://www.auswaertiges-amt.de/EN/Startseite_node.html
http://www.gtai.de/GTAI/Navigation/EN/welcome.html
http://www.bmwi.de/EN/root.html
https://www.ahk.de/en/
https://www.asien-pazifik-ausschuss.de/en
http://www.lateinamerika-konferenz.de/?eid=tx_cms_showpic&file=uploads%2Fpics%2Fhotel7_01.jpg&parameters%5b0%5d=yto0ontzoju6indpzhroijtzojq6ijgwmg0io3m6njoiagvpz2h0ijtzojq6ijyw&parameters_=%23top%23top%23top%23top%23top%23top
http://www.nm-initiative.de/en/
http://www.ost-ausschuss.de/a-common-initiative-economic-associations-and-enterprises
http://www.ost-ausschuss.de/a-common-initiative-economic-associations-and-enterprises
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German Chambers of Commerce Abroad

The German Chambers of Commerce advise, support and represent German companies worldwide that wish to develop

or expand their business activities abroad. The AHKs are institutions of German foreign trade promotion.

The Association of German Chambers of Commerce e.V. (DIHK) continuously coordinates and develops the network of
German Chambers of Commerce Abroad. They are co-funded by the Federal Ministry for Economic Affairs and Energy
(BMWi).

The AHKSs represent German business interests in 130 locations in ninety countries. They are membership organizations
with approximately 45,000 membership companies worldwide. At the same time, the German Chambers of Commerce
Abroad represent links between cultures. They are at home in two mentalities and in numerous languages. They have

served as reliable partners for companies in their activities abroad for over 120 years.
Further parties of the German foreign trade promotion

But also the following ministries play an important role in the system of the German foreign trade promotion:

Federal Ministry for the Environment, Nature Conservation, Building and Nuclear Safety (BMUB)

« coordinates Twinning-projects to enhance the Capacity Building in different countries
« financial support of environmental protection pilot projects in EU accession countries

10


http://www.ahk.de/en/
http://www.bmub.bund.de/en/
http://www.bmub.bund.de/en/
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Federal Ministry for Economic Cooperation and Development (BMZ)

« coordinates with the help of the implementing organisations GI1Z and KfW a variety of initiatives and tools in the

field of development cooperation

Federal Ministry of Education and Research (BMBF)

« international cooperation in education and research
e research for sustainability

e internationalization strategy

Funding institutions worldwide

GTAI informs about the most important institutions for funding in the field of the development cooperation:

e goals and his

e project schedule

e procurement and business opportunities
« contact data

11


http://www.bmz.de/en/index.html
http://www.bmz.de/en/index.html
https://www.giz.de/en/html/index.html
https://www.kfw.de/International-financing/
https://www.bmbf.de/en/index.html
https://www.bmbf.de/en/index.html
http://www.gtai.de/GTAI/Navigation/DE/Trade/Projekte-Ausschreibungen/geber.html
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List of members

Through the alphabetical sorting you can get to the desired member.
- Adelphi consult GmbH
- ANDREAS VON SCHOENBERG CONSULTING
- AsiaRealtime Hong Kong Ltd.
- AVG Ressourcen GmbH
- AWA Entsorgung GmbH
- Berliner Stadtreinigungsbetriebe (BSR)
- BIODEGMA GmbH
- Biologic GmbH & Co. KG
- BIiPRO GmbH

- BlackForest Solutions GmbH

12


https://www.adelphi.de/en
http://vonschoenberg.info/en/
http://www.asiarealtime.hk/E_Start.asp
http://www.avgkoeln.de/index.php
http://www.awa-gmbh.de/
http://www.bsr.de/
http://www.biodegma.de/homepage.html
http://www.biodegma.de/homepage.html
http://www.bipro.de/en/
https://www.blackforest-solutions.com/
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BN Umwelt GmbH

Conoscope GmbH

CONVAERO GmbH

Convis Baumanagement & Projektsteuerung GmbH
CUTEC Institut GmbH

Cyclos GmbH

DBFZ — Deutsches Biomasseforschungszentrum gGmbH
Der Grine Punkt — Duales System Deutschland GmbH
Eclareon GmbH

EEW Energy from Waste GmbH

Eggersmann GmbH

ESE GmbH

F.X. MEILLER Fahrzeug- und Maschinenfabrik- GmbH & Co KG

13


http://www.bn-umwelt.de/en
http://www.conoscope.org/?Lang=3
http://www.convaero.com/
http://www.convis.com/en/home.html
https://www.cutec.de/de/
http://www.cyclos.de/en/
https://www.dbfz.de/index.php?id=34&L=1
https://www.gruener-punkt.de/en.html
http://www.eclareon.com/en
https://www.eew-energyfromwaste.com/en.html
http://www.eggersmann-recyclingtechnology.com/en/
http://www.ese.com/en/ese-world/
https://www.meiller.com/en.html
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FAUN Expotec GmbH

Fraunhofer UMSICHT, Institutsteil Sulzbach-Rosenberg
German Bio Energy Technology (Beijing) Co.,Ltd

GODUNI International Advisory Board

H&G Entsorgungssysteme GmbH

HS Fahrzeugbau GmbH

HTP GmbH & Co. KG

ICU-Ingenieurconsulting Umwelt und Bau

Indus Media Unternehmergesellschaft

INFA - ISFM e.V.

Ingenieurgesellschaft Possel und Partner GmbH & Co. KG (IPP)
INTECUS GmbH Abfallwirtschaft und umweltintegratives Management

JOMA Umwelt- Beratungsgesellschaft mbH

14


http://www.faun.com/en/home/
https://www.umsicht-suro.fraunhofer.de/en.html
http://en.germanbiogas.com/
https://www.goduni.de/
https://henrichgruppe.com/?lang=en
http://www.hs-fahrzeugbau.com/en.html
http://htp.eu/en/
http://www.icu-berlin.de/icu/de/index.php?Home
http://indus-media.com/
https://www.infa.de/index.php/menu/ueber-uns/3-infa-isfm-e-v
http://www.ipp-kiel.de/
http://www.intecus.de/englisch.html
http://www.joma-umwelt.de/
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KROLL Fahrzeugbau-Umwelttechnik GmbH

Messe Frankfurt Exhibition GmbH

Messe Munchen GmbH

N3 Nachhaltigkeitsberatung Dr. Friege & Partner
Nehlsen GmbH & Co. KG

PSC Plastic Solution & Consulting GmbH
Reclay Holding GmbH

REMONDIS Assets & Services GmbH & Co. KG
Ressource Abfall GmbH

RWTH Aachen - Institut fir Aufbereitung und Recycling (1.A.R.)
SSI SCHAFER/ FRITZ SCHAFER GMBH
Stadtreinigung Hamburg

STEINERT Elektromagnetbau GmbH

15


http://www.kroll-fahrzeugbau.com/en
http://technology.messefrankfurt.com/frankfurt/en/aussteller/industry-segments/environment.html?nc
http://www.ifat.de/index-2.html
http://www.n-hoch-drei.de/en/
http://en.nehlsen.com/home/
http://www.p-s-c.info/en/home.html
https://www.reclay-group.com/de/en/
http://www.remondis.de/en/home/
http://www.ressource-abfall.de/eng/index.htm
https://www.iar.rwth-aachen.de/cms/~eeby/IAR/?lidx=1
http://www.ssi-schaefer.de/en/home.html
http://www.stadtreinigung.hamburg/
http://www.steinertglobal.com/grp/en/
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Sutco RecyclingTechnik GmbH

Tietjen Verfahrenstechnik GmbH

TUHH - Institut fir Energie- und Umwelttechnik, Bereich Abfallressourcenwirtschaft

Uni Rostock Agrar- und Umweltwissenschatftliche Fakultat, Lehrstuhl fir Abfall- und Stoffstromwirtschaft
Universitat Stuttgart Institut fur Siedlungswasserbau Wassergute- und Abfallwirtschaft (ISWA)

uve GmbH fir Managementberatung

Von Kories Consultants

Wastecon AG

Werner Doppstadt Umwelttechnik GmbH & Co. KG

16


https://www.sutco.de/en-de/home/
http://www.tietjen-original.com/en/
https://www.tuhh.de/alt/iue/home.html
http://webcms.uni-rostock.de/index.php?id=5&L=1&cHash=e5d7e8e82b9ad7b794a77fac57cf28ba
http://www.iswa.uni-stuttgart.de/index.en.html
http://www.uve.de/index.php?lg=international
http://www.vonkories.de/home/
http://www.wastecon-ag.com/
http://doppstadt.de/en/

Name: Sebastian Frisch
Current Position: Founder and Managing Director of BlackForest

E-mail: s.frisch@bfgroup.org

Work Experience:

e Founder

BlackForest Solutions GmbH
April 2016 — Present

e Head of Sales International
ALBA Environmental Solutions GmbH
January 2014 — April 2016 (2 years 4 month)

e Vertriebsleiter Regional, Deutschland, Head of Sales International
ALBA Services GmbH & Co. KG
September 2007 — January 2014 (6 years 5 month)

e Site Operations Manager
Axion Polymers Ltd
May 2006 — September 2007 (1 years 5 month)

Key-Account-Manager

Dr Pagenkopf Abfalltrennprozesse
February 2003 — May 2006 (3 years 4 month)



mailto:s.frisch@bfgroup.org
https://www.linkedin.com/company-beta/10574535/
https://www.linkedin.com/company-beta/10574535/
https://www.linkedin.com/company-beta/10574535/
https://www.linkedin.com/company-beta/10574535/
https://www.linkedin.com/company-beta/10574535/
https://www.linkedin.com/company-beta/10574535/
https://www.linkedin.com/company-beta/2122245/
https://www.linkedin.com/company-beta/2122245/
https://www.linkedin.com/company-beta/2122245/
https://www.linkedin.com/company-beta/2122245/
https://www.linkedin.com/company-beta/2122245/
https://www.linkedin.com/company-beta/2122245/
https://www.linkedin.com/company-beta/2122245/
https://www.linkedin.com/company-beta/2122245/
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Education

e University of Applied Sciences Berlin
Diplom-Ingenieurin (equivalent to Master of Engineering), Environmental Process

Engineering, Grade A, 1998 — 2003




Name: Riidiger Bukhard Richter

Current Position: Head of Competence Center Waste Treatment & NORM (BAUER
Resources) & Technical Manager at Bauer Emirates Environment LLC

E-mail: Ruediger.Richter@bauer.de

Work Experience

e Technical Manager

Bauer Emirates Environment Technologies & services LLC
August 2013 — Present

Planning and technical concepts for large scale remediation projects.

e Department Manager (Hazardous waste treatment operation)
TAKREER - Abudhabi Oil Refining Co.
July 2009 - July 2013 (4 years 1 month)

Operation manager of a waste treatment facility with 8 different processes
Member of the ADNOC Environmental Subcommittee
Focal Point for new NORM Facility

e Associate, Head of Waste Management
Golder Associates
2004 — 2009 (6 years)

Waste Management, Demolition and Remediation of contaminated industrial facilities
particularly in the Middle East and Australia, but also commissioning of a hazardous
waste treatment facility for the Oil and Gas Industry in the United Arab Emirates.
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Freelancer
Fichtner Consulting Engineers
May 2006 — Sep 2007 (6 years)

Key-Account-Manager

Dr Pagenkopf Abfalltrennprozesse
2004 — 2009 (6 years)

Teaching experience

Consultant (Sr. Lecturer / fly-in Professor)

February 2017 — Present
German University of Technology in Oman - Mechanics (Faculty of Engineering)
Oman

Teaching currently courses in Mechanics

Adjunct Professor (Guest Lecturer)

November 2017 — Present
Montanuniversitat Leoben - Chair of Mineral Processing
Austria

Covering in particular the subject of brownfield remediation and soil washing technology
(Urban Mining). Lectures and exams are executed as a block course once in a year.

Education

Montanuniversitat Leoben

Dr. mont. (PhD), Waste Treatment and Mineral Processing / Naturally Occuring
Radioactive Material, 2008 — 2011

Technische Universitat Berlin

Diplom-Ingeneur (equal to MSc/hons. or MPhil, only better), Mining and Mineral
Engineering, 1987 — 1991

Activities and Societies: Corps Lusatia Leipzig
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Research-Thesis was awarded:
Dr.-Ing.e.H. Erhardt-Andreas-Preis
Friedrich von Klinggraff-Medaille

e Montanuniversitat Leoben
1985 — 1987

e Technische Universitat Berlin

Awards

e AWARD FOR OUTSTANDING PERFORMANCE IN WASTE MANAGEMENT
(ESNAAD / ADMA / ZADCO / BUNDUQ)

e APPRECIATION FOR ONE YEAR OF SUCCESSFUL OPERATION AS A MANAGER
OF BEAAT, THE CENTRAL ENVIRONMENT FACILITIES (WASTE TREATMENT
PLANTS) OF THE ADNOC GROUP IN ABU DHABI

e Nomination for the Wilhelm-Holzmann-Prize for the design and successful application of
a mechanical off-gas mercury separator

e Friedrich v. Klinggraff Medal for outstanding study success and commitment in the
fraternity

e Dr.-Ing. Erhard Andreas Price for the best Master Thesis of the Faculty (Mining, Geology
and Mineral Processing) at the Technische Universitat Berlin

Publication
Research items: 55

e Article: FROTH FLOTATION, AS A REMEDIATION PROCESS,
APPLICABLE TO THE TREATMENT OF HIGH MERCURY SOLID WASTE

e Article: Soil Washing and Thermal Desorption: Reliable Techniques for
Remediating Materials Contaminated with Mercury

e Atrticle: PHYSICAL/CHEMICAL TREATMENT OF
MERCURYCONTAMINATED WASTES FROM FORMER CHLORINE-
ALKALI ELECTROLYSIS PLANTS - APPLICATION OF FLOTATION
TECHNOLOGIES IN SOIL WASHING PLANTS




Name: Dr. Siegfried Heinz Artmann
Current Position: Technical Director of a Hazardous Waste Incineration Plant

Work Experience

e Technical Director of a Hazardous Waste Incineration Plant
Indaver in Germany (Humburg)
February 2015 — Present

Organisation, technical development, cost management and safety management of a
hazardous waste incineration plant, respon-sible for 110 employees; 150.000 t/a, 2 rotery

kiln lines, chemical-physical treat-ment plant, separation plant for oil/water mixtures,
shredder

e Technical Director of a Hazardous Waste Incineration Plant
Indaver in Germany (Biebesheim, Stuttgart, Frankfurt, Kassel, Billigheim )
April 2007 — December 2014

Organisation, technical development, cost management and safety management of a
hazardous waste incineration plant, respon-sible for 130 employees; 125.000 t/a, 2 rotery kiln
lines, 1 evaporiser ; 1 pretreat-ment plant (conditioning, shreddering)

Technical development, control of cost management and safety management in 3 chemical-
physical treatment plants and one hazardous waste landfill

e Plant manager
HIM GmbH in Germany (Biebesheim)
June 2004 — March 2007

Organisation and technical/safety manage-ment of the hazardous waste incineration plant,
responsible for 130 employees; 125.000 t/a, 2 rotery kiln lines, 1 evaporiser
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Regional hazardous waste manager of southern Germany
Rethmann Sonderabfall GmbH & Co. KG in Germany (Betzweiler-Wilde)

May 2003 - May 2004

Organisation, technical and sales manage-ment of a hazardous waste treatment plant and
intermediate storages, responsible for 25 employees

Plant manager
RWE Umwelt Siid GmbH in Germany (Rheinau closed to Kehl)

October 2001 - April 2003

Organisation, technical management and lo-gistics of the chemical-physical treatment plant
(evaporiser for treatment of e. g. emul-sions and other waste water) and the inter-mediate
storage, responsible for 36 employees.

Acting partner
EurAs EnviTech GmbH in Germany (Neubrodersdorf close to Rostock)

July 2000 - April 2003

Hazardous and nonhazardous waste and environmental projects with China e. g. export

National and international hazardous waste manager
EurAs EnviTech GmbH in Germany (Bramsche close to Osnabriick)
February 1997 - June 2000

Remediation projects, import of hazardous waste from different European countries, na-tional
waste stream manager within the Edelhoff Group, responsible for 5 employees.

Head of the technical special plants
Edelhoff Group in Germany (Bramsche close to Osnabriick)
April 1993 - December 1996

Special plants like incineration, distillation, drying of solvent containing sludges, recy-cling of
ferro metals and pretreatment of the recycling and disposal plant; responsible for 95
employees.

Head of the laboratory for product control

VEB Stickstoffwerk Piesteritz in Wittenberg, former GDR
September 1984 - March 1977
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Organisation, development of analytical methods and product control of phospho-rous and
fertilizer products.

e Head of the hazardous waste laboratory
Edelhoff Group in Germany (Bramsche close to Osnabriick)
December 1984 - March 1993

Organisation and development of the waste laboratory, responsible for 15 employees

Education

University of Dortmund
PHD — Natural science, 1989-1993

University of Leipzig
Diplom-Chemiker equivalent to a Master's degree in Chemistry, 1973 - 1977

Publication

» Article: Measurement and control of mercury species in flue gases from liquid
waste incineration; Internat. Jour. of Analytical Chemistry

» Dissertation: Investigation of emission behaviour of mercury-Il-chloride during the
high-temperature incineration process of liquid wastes in connection with the ad-
sorption behaviour on lime/activated carbon, 1993, University of Dortmund

Lectures

« International Symposium, Caracas, Venecuela, 11/1996: Seminaro sobre Tecnicas
del Medio Ambiente ,,Disposal of hazardous waste in Germany*

» Seminar for customers in Porto, Portugal, 06/1998: ,,Procedure for treatment/recov-
ery of hazardous waste*
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 Texocon Fachtagung — Reduction of pollutants in the thermical waste treatment,
Potsdam, Germany; 03/2005: ,,Optimisation of mercury removal from flue gases of
a hazardous waste incineration plant

Texocon Fachtagung - Reduction of pollutants in the thermical waste treatment
03/2009 in Potsdam and VDI Fachtagung in Niirnberg: “Emission reduction*: Opti-
mising the removal of mercury from the exhaust gases of a hazardous waste
incinera-tion plant with intermittant high volume loads*

» Sick Prozess Conference 24./25. September 2015 in Kassel

“Continuous monitoring of total mercury in Raw Gases of HWI-Plants as an opera-
tional Parameter to improve separation capacity”

Internal Reports and developments-Germany/HIM 2004 onward

Optimisation of mercury separation in flue gases of a hazardous waste incineration
plant

* Development of a Testgas generator for ionic and metallic mercury — emission
con-trol

* Development and realisation of a pretreatment plant (preconditioning,
shreddering)

* Development and realisation of an effective mercury removel systeme on high
mer-cury levels in flue gases




Muhammad Waseem
Tel: (+49) 176-56441335| Email: muhammad.waseem@gmx.de
Address: Friedrich Str. 90, 60488 Frankfurt am Main

Experience

Internship ¢ Deutsche Gesellschaft fur Internationale Zusammenarbeit (GIZ) GmbH -
03/2017 - Present
Planning of the measures to improve sanitation through sustainable provision of sanitary infrastructure in
Jordan, Pakistan and Uganda. Achieving complete sanitation chain including waste water freatment.

Internship * Wastewater Treatment Plant Erfurt
06/2016 - 11/2016
Review and critique the proposals, plans, and designs related to wastewater treatment system, Conduct
water quality studies to identify and characterize water pollutant sources. Conduct cost benefit analyses
for the new construction, run-off collection networks, wastewater tfreatment plants, or wastewater
collection systems.

Project Analyst « GIZ Project “German Chinese Energy Partnership”
02/2016 - 06/2016
Enhancing the bilateral cooperation between China and Germany in the energy sector and developing
a strategic partnership for sustainable development, thereby improving the security of energy supply in
both countries and helping to mitigate the effects of climate change internationally.

Chemical Engineer ° Iitehad Chemicals Limited Pakistan
05/2014 - 06/2015
Development of energy-efficient production of caustic soda. Process control, optimization and
documentation of the manufacturing process.

Research Assistant « Technical University, Berlin
12/2012 - 03/2013
3D plant design with Solid Edge und Rhinoceros 3D, CFD Simulation of Membrane-Reactor with Fluent,
measuring and evaluating various results to achieve the optimum temperature, pressure and gas flow
velocity.




Student Researcher * Max Planck Institute, Magdeburg * 03/2011 - 08/2011
Modelling and Simulation of Proton exchange membrane fuel cells with COMSOL and optimization of
Membrane Geometry.

Trainee Process Engineer * Shan Foods Private Limited, Pakistan « 01/2010 - 08/2010
Stabilization of nutritional density, Increasing the production efficiency and reducing energy demand by
identifying and managing the issues.

Internship ¢ Oil and Gas Development Company, Pakistan « 06/2008 — 07/2008

Study Report on Dakhni Oil Field including separator, absorber, sulphur recovery unit, refrigeration unit and
wastewater freatment plant.

German Language M.Sc. Chemical and Energy B.Sc. Chemical Engineering
Level B2 Engineering University of Engineering and
WIPA Institute, Berlin Otto- von- Guericke- University Technology, Lahore
08/2013-02/2014 Magdeburg, Focus Area:
Focus Area: Environmental Engineering
Mechanical Process Engineering Maintenance technologies
Product Quality Management Instrumentation and process
Chemical Engineering control
Master Thesis: Bachelor Thesis:
Characterization and Optimization of Production of H2 from Shell
Gas-lift Loop Reactor Gaiification Process
10/2010 - 04/2014 10/2005 - 11/2009

Key Skills

Languages Computer Skills Achievements
Voluntarily Activities
German 000 MS office 0000 «  Pakistani Embassy Berlin
Urdu Q000 MATLAB 0000 e Certification of Pakistan
English 00006 cowmsoL 0000 Engineering Council
Arabic Y ANSYS 'Y ) . Trolnee—C'erhﬂco’re of
o Smart Selling from BERGER
Hindi ... Fluent .... Paints Pakistan
Solid Edge 000 «  Flood and Earthquake
VBA 000 Victims Support (Pakistan)
Rhinoceros 3D 000 *  Flood Victims Support

(Germany)

Muhammad Waseem




Name: Sebastian Ebers

Current Position: Sales Engineer Middle East

Work Experience

o Sales Engineer Middle East

TOMRA Sorting Recycling (TITECH) in Dubai, United Arab Emirates
April 2014 — Present

- Responsible for sales and consultancy services across TOMRA Sorting’s target markets
in the Middle East, Africa and India.

- Development of new business opportunities and markets (e.g. establishment of the
Iranian market)

- Analyses of waste.

- Planning and designing of recycling processes for specific applications (MSW sorting
plants, PET sorting plants, WEEE, ASR...)

- Preparation of technical and economical feasibility studies for clients.

- Supervision of project set-up phase and delivery of successful operation of projects.

- Post plant set up analyses of plant performances.

- Managing local agents in different countries.

e Trainee Business Development

TOMRA Sorting Recycling (TITECH) in Germany
April 2012 - April 2014 (2 years 1 month)

e Technical Consultant

AMCG Unternehmensberatung GmbH in Miinchen
April 2011 - September 2011 (6 month)

Involvment in consulting projects throughout a variety of industries.
Main focus on execution of final diploma thesis with the topic:
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Rare Earthes - An analytical observation of future supply conditions of critical elements
with focus on Nd, Y, Dy and Th.

Education

e Technische Universitat Clausthal

Master degree — Industrial Engineering, Energy and commaodities, 2006 -2011

e Universidad Politecnica de VValencia

Ingenieria Industrial, 2010 - 2010

e Universiti Teknologi MARA

International Business, 2009-2009

Publication

e Automated Sorting Technology for Aluminum Recycling, May 25, 2016,
Aluminum International Today

e WEEE Recycling: An opportunity worth exploring, Dec 30, 2015, Waste and
Recycling Middle East Magazine
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Overview of presentation

e BlackForest Solutions (BFS) and RETech
* Flare gas recovery (FGR)
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1. About BlackForest Solutions GmbH (BFS)

* Founded in March 2016 in Berlin, Germany, as a private owned
company

* Legally independent spin-off of the ALBA Group plc, one of the largest
environmental services provider globally.

* Focus on Middle East and Asia since 2010

e Leader of German RETech Partnership for Iran (Ministry of Economy,
Ministry of Environment, KfW bank)

* Highly dedicated team of German engineers and state of the art
technology
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1. About BlackForest Solutions GmbH (BFS)

 Specialized in solutions for the industrial and hazardous waste such as
(on-site treatment and export as the Basel Convention):

* Mercury containing waste

* Gas waste, waste from pressurized cyclinders
e Catalyst waste

* Qil sludges, soil remediation

* Spent catalysts

* Chemical waste
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2. RETech German Partnership: the one-stop shop for
environmental solutions for the oil and gas industry

* Waste management and Recycling are characterized by specialized
companies at various stages of a complex process

* Medium-sized businesses are usually competent in their process stage and
the neighboring interfaces

* Legal frameworks are necessary to give guidelines for the organization and
the success of the whole process
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2. RETech German Partnership: the one-stop shop for
environmental solutions for the oil and gas industry

e Efficiency of Recycling solutions requires continuous
performance level in every link of the chain

* The whole process chain is as strong as its weakest part
* Not only technology decides
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2. Who is RETech?

»The Export Network” of the German recycling,

environment and sustainability management sector

S

2007 2011
founded as RETech Initiative chartered as member
by the Federal Ministry for the fee based
Environment, Nature German RETech Partnership
Conservation and Nuclear e.V.

Safety (BMUB)



Sustainability in Oil and Gas

3. What are RETech’s Objectives?

e Support of modern waste management worldwide

* Innovation and knowledge transfer in recycling- and

efficiency technology

* Improvement of the Export conditions for German

small and medium sized enterprises

BLACKFOREST

SOLUTIONS
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4. Who are the members of RETech?

Members from all fields of the recycling- & waste management sector

10
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5. How is the setup of RETech?
* Opportunities to exchange information and

experiences, initiation of cooperations — our Working
Teams

Working Group
Focuses of the working group Working group ~ Financing
JInternational“: Municipal solid ) N D)
= China waste L OE (>
= India =
= Iran — Workshop in 02/2017 ; —
= CIS-Countries . 4
= Emerging- and Developing Markets ,
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6. What is RETEch’s mission?

* Interlinking politics, science and business in the field of recycling and

waste management

* Representing the German waste and recycling sector at relevant events

and delegations

* Promoting members‘ cooperation, exchange of information and

experience
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% Federal Ministry ,@ Federal Miniztry * Federal Ministry for the
for Econoemic Conperation for Economic Affairs L Environment, Nature Conservation,
and Development and Energy Building and Nuclear Safety

6. Who is on
RETech’s
Advisory Board?

4
Deutsche Gesellschaft
[ ] fur Internationale
Zusammenarbeit (GI1Z) GmbH

v )I U S Rl l ."4‘\ Sachverstandigenrat

’.. fur Umweltfragen

A VERBAND KOMMUNALER 15
V D I\/l UNTERNEHMEN e.V. X4

GIA GERMANY VLN G @ BDE

T RA D E & I N v E ST Bundesverband der Deutschen Entsorgungs-,

Wasser- und Rohstoffwirtschaft e.V.
Wirtschafts- und Arbeitgeberverband

PARTNER FUR EUROPA

15
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7. The RETech Network?

* unites enterprises and institutions of the entire disposal chain

BMwi BMUB  pguz
GTAI GlZ
SRU KIW

UBA associations
consultation research

ork : -
grameWw lannin teachin
o™ p g g

sortation

) treatment
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8. What offers RETech?

* A holistic approach along the entire process chain based on a 5-stage
model

 Safety for planning and decision-making in terms of technical and service-
related interfaces along the entire process chain

* Cost benefits compared to individual offers of separately acting market
participants

* Necessary conditions beyond technology and service are always
considered as well
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9. Examples of actual projects of RETech & BFS in Iran

* “IMpAct”: waste management masterplan for the industry in a pilot
region in Iran — including specific sustainability topics like flare gas
recovery

* October 2017-September 2019
* Realized by BFS, University Rostock, adelphi and FRAUNHOFER
* Pilot area still to be defined
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9. Examples of actual projects of RETech & BFS in Iran

2017 2018 2019

Arbeitspakete i

VerantVXOF:t“Ch r Okt | Nov | Dez | Jan | Feb | Mrz | Apr| Mai | Jun | Jul | Aug| Sep | Okt | Nov | Dez | Jan | Feb | Mrz | Apr
AP1 - Stakeholderworkshop in Iran adelphi
AP 2 - Desk research Uni Rostock
AP 3 - Mission zur Datensammlung BFS
AP 4 - Finalisierung von zwei Masterplanen]  Fraunhofer
AP 5 - Erstellung von Policy Briefs Fraunhofer
AP 6 - Delegationsreisen nach Iran und D. adelphi
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9. Examples of actual projects of RETech & BFS in Iran:
including flare gas recovery (FGR)

* FGR is the process of recovering the waste gases that would normally be
flared so that they can be used as fuel gas elsewhere in the facility. This
results in reduced emissions and cost saving.

* BFS and RETech are offering independent evaluation services for FGR to
the Industry
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9. Examples of actual projects of RETech & BFS in Iran:
including flare gas recovery (FGR)

* The process of flare gas recovery involves different engineering and
chemical fields of expertise

* Flare gas recovery systems are complex turn-key systems — tailor-made for
the refinery
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9. Examples of actual projects of RETech & BFS in Iran:
including flare gas recovery (FGR)

.

FLARE GAS RECOVERY - MAIN COMPONENTS

]
o n
" | |
. = = o
®  RECOVERED GAS l . LIQUID SEAL
...........

COMPRESSOR & G I
ANCILLLARY EQUIPMENT FLARE
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9. Examples of actual projects of RETech & BFS in Iran:
including flare gas recovery (FGR)

Sustainability in Oil and Gas

o 10 FLARE

FLARE GAS -
RECOVERED
FLARE GAS - - LIQUID SEAL

COMPRESSOR

SURGE TANK
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9. Examples of actual projects of RETech & BFS in
Iran: including flare gas recovery (FGR)

Recycled
coggrol
iecovered gas & d "
Liquid-ring . ) .
Service liquid compressor —  Main components:
p—— S o) F— - Liquid seal
— J ¢ A - Compressor |
B‘Iowdown | S I8 '
Operating | Water - Control unit software wm_, e
f" liquid coo?er n) . d
Flaregas [ | & 3
oo ] Flare header = t
Knockout Liquid [ =] &

seal

drum
— 1

Figurel. A view of a flare gas recovery unit [1]
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9. Examples of actual projects of RETech & BFS in Iran: including
flare gas recovery (FGR)

* The concept of FGR in general:
Video

* BFS Engineering Team and RETech are offering an independent technical and
financial evaluation of different suppliers for flare gas recovery systems for

application in lran
* BFS and RETech is offering a flare gas recovery management for the Iran oil and

gas industry



BLACKFOREST

SOLUTIONS

Sustainability in Oil and Gas

9. Examples of actual projects of RETech & BFS in Iran:
including flare gas recovery (FGR)

* BFS is specifically offering a technical and financial feasibility for FGR for
clients in Iran (especially for upstream and gas)

* BFS is specifically offering operation services of FGR in a BOT context



BLACKFOREST

SOLUTIONS

Approach to Sustainability in the
Petroleum Industry in Iran
THANK YOU!

Germman RETech Partnership

L 4
’ Recyding & Waste Management
Made in Gemmany
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Dipl.-Ing. Dr.mont. Rudiger B. Richter

1.) Processing of mercury waste - treatment In
the petrochemical industry

2.) Processing of NORM waste - treatment in the
oil and gas industry

Dr. mont. Rudiger Burkhard Richter
Abu Dhabi, United Arab Emirates Lehestuhl filr Aufbereitung
und Veredlung



Dr. Ruediger B. Richter
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rent position and specialization

> Head ,,Competence Center Waste Treatment, Disposal &

NORM® in BAUER Resources (Abu Dhabi); rcu@bauer.de
» Adj. Prof. Montanuniversitat Leoben/Austria
» Consultant GUtech (German Univ. of Technology Oman)

» Specialization:
= Soil remediaton processes (Urban Mining)
= Treatment of waste from the oil and gas industry
= Mercury remediation and radioactive waste (NORM)
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Process/ appllcatlon

Generated product

Description

Chlorine-Alkali Electrolysis
Plants using the mercury
cell (amalgam) process

Chlorine gas from electrolysis
of enriched brine (solutions of
potash or sea water), caustic
soda (NaOH), bleach lye
(NaOCl) and hydrochloric acid
(HCI) etc.

The mercury cell process uses
metallic mercury as a
circulating bed electrode

Acetaldehyde factories
(not used in acetic acid
factories - BASF process)

Acetaldehyde” (CH;CHO) as
apart of the four step process
in order to generate butadiene
C,Hg (particularly 1.3
butadiene)

Via hydratization of ethyne
(acetylene) HC = CH with
mercuric sulfate as a catalyst
in presence of sulfuric acid
(H,SO,)

Production of chloroplasts

Vinyl chloride (VC: CH,= CHCI),
a highly toxic gas used for
generation of chloroplasts,
such as PVC

By addition of hydrogen
chloride to ethyne in the
presence of a mercuric
chloride/activated carbon
catalyst HC = CH + HCI — CH.=
CHCI

Production of percussion
caps and blasting caps

Percussion caps/ blasting caps
filled with Mercury fulminate
[Hg(CNO), ] were used as a
trigger/ detonator for
explosives and primers for rifle
and pistol ammunition

Mercury (II) fulminate is
generated by reaction of
Mercury nitrate with ethanol
forming a grey powder, which
is highly sensitive to shock
and ignition.

Chemical factories, and
manufacturers

Manufacturing
pharmaceuticals, fungicides,
pesticides, seed protectants,
impregnating agents,
pigments, and fur felt bodies
for hats causing the Mad
Hatters syndrome

Diverse
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> The PARCOM Decision 90/3 from 14
June 1990 recommends that existing

MONTAN mercury cell chlorine-alkali electrolysis

UNI\IERSITAT . -

B— plants of the contracting parties to the

Paris Convention shall be phased out

completely by 2010 for the prevention of

marine pollution from land-based sources.

» US EPA recommends for high mercury-
Inorganic subcategory waste (total Hg
content > 260 mg/kg) and Is inorganic
compounds roasting and retorting
(RMERC) as published in the Federal

e Register (55 FR 22569 1n June 1, 1990)

und Veredlung
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Name of Project

%‘:0 ollc

Description

Treatment technology/ Task

Remediation of the
Chemical Factory
Marktredwitz (CFM) in
Upper-Franconia/
Bavaria

Over a period of nearly 200 years
(1788 to 1985) mercury was processed
in CFM into herbicides, pesticides and
other mercury-containing products.
Large scale contamination of soil,
rubble and river sediments

Treatment of 70,000 tons of soil and
rubble in a proto type plant
combining physical-chemical
treatment and vacuum distillation
PM & Commissioning Manager of
the thermal plant (1992 — 1994)

Soil washing plant/
hazardous waste
treatment centre Berlin
Gradestrasse (Harbauer)

Third generation physical-chemical
solid waste treatment plant with a
capacity of 100,000 up to 150,000 t/
year.

First plant using flotation as a
process step for PAH. Operation
Manager (1994 - 97)

Buna Chemical Works in
Schkopau (Saxony-
Anhalt):

Demolition and remediation of the
large chlorine plants H56, 154, L66 and
the acetaldehyde factory F44

Government Main Technical
Consultant (1997 — 2000) for
German Treuhandanstalt

Chlorine plants Chlor |
and Chlor 111 in Bitterfeld
(Saxony-Anhalt):

Decommissioning, demolition of the
two oldest chlorine plants in Germany;
soil remediation, on-site
decontamination of metals, pre-
treatment, packing and management
of the waste streams

High pressure jet cleaning,
flameless steel cutting, crushing
and packing in jumbo bags and
steel containers. Site Consultancy
for demolition and waste
management (2000 /01 and 03/04)

Chlorine plant Abu Dhabi
Refineries/ United Arab
Emirates

Dismantling and demolition of a
chlorine plant including associated
buildings, decontamination and
disposal.

Site Consultant/ Demolition
Manager (2004 — 2005)

BeAAT: Refinery Waste
Treatment Plant Ruwais/
Emirate of Abu Dhabi

Waste treatment plant including
incineration, thermal desorption,
solidification, mercury distillation etc.

Commissioning Manager (2005 —
2009) — Currently Plant Manager

Orica Chlorine Plant in

| Yarraville/ Melbourne

Testing possibilities for the treatment
of remaining soil and building residues

Consultant (Golder Associates -
2006)
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CFM, oldest Chemlcal Factory In Germany (1788 1985)

Mercury was processed into herbicides, pesticides and other products. In
Lehrstunl fir Aufbereitung . P@rticular Fusariol, an ethyl mercury cyanide developed by Lorenz Hiltner
und Verediung used as a fungicide seed protectant against fusarium mould in oat and barley,
was produced since in 1907 in large quantities.



Organo Mercury Compounds prod. In CFM
» Fusariol (Ethyl Mercury Cyanide)

Oerl(*

Javiol

vonW C.Fikentscher -
Markiredwitz.

una-bn!zk gebulan

Dr. Lorenz Hiltner:
Founding Director
of the Royal-
Bavarian-
Agriculture

Fusar

NASS UND TROCKEMN

/
-
[

A

Fusariol was produced in the CFM as a seed-dressing
Lenrstunl fr Aubereitung - @Q€NE (fusarium diseases affect corn, wheat, and soybeans)
wndveredindin an industrial scale from 1907 onwards.



~

—

'Chlorine-AIkaIi Plants:
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CHLOR Il in Bitterfeld/ Germany:

ehrstunt fir auereitung BUITE 1917, several extensions (1950); Closed in June 2000
undveredung— Demolition and dismantling in 2003 (40,000 t Soil and rubble)



Chlorine Plant in Abu Dhabi:

Built 1980 (by German Company Uhde); Closed 2002;
Demolition and dismantling in 2004/05 (120.000 t soil and rubble)
Lenrstunl fur Autbereiung: Site Consultant: Dr. R.B. Richter (Fichtner Cons. Engs)

und Veredlung
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0 \gLQd‘me @ options for Hg-wastes:

For the treatment of mercury-containing solid
hazardous wastes and sludge the following
State of the art treatment options are available:

» Physical-chemical treatment such as soil washing
and leaching procedures

» Stablilization/solidification (immobilization)
processes

» Biological procedures (not applicable for highly
contaminated wastes containing mercury)

» Thermal treatment such as Thermal desorption
(Vacuum distillation)

and/or
» Individual combinations of all these processes
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The waste treatment plant Marktredwitz was specifically
designed for mercury-containing solid wastes combining
a physical/chemical treatment with a thermal desorption:
» Built and commissioned in 1992
Lenistunl o Auteereing | MIONTAN » 70,000 tones of waste were treated successfully

und Veredlung UNIVERSITAT » 25 tones of elemental mercury were recovered

WWW.UNILEOBEN.AC.AT




Process Flow Sheet Marktredwitz Plant (Germany):

Treatment plant for mercury-contaminated solid waste

Water

Soil washing Unit Thermal desorption

‘ Process water
treatment

Treated process

Log washer water

MONTAN

UNIVERSITAT <
WWW.UNILEDBEN.AC.AT
Hydro cyclone/
classification
> 2 mm i i

< 50 mm @z

Jiggin
maghine || Attrition

Treated off-gas

Distiller

[
Lightweight
fraction
dewatering |dewatering| | classification
il
Lightweight
fraction

<100um

Recovered
mercury

; e Lehrstuhl fur Aufbereitung
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KD " und Verediung




Stabilization (Chemical Fixation) / Solidification:

m
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Test Plant for Solidification of Hg-containing Refinery Waste
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lation Units for Hg Wastes:

Treatment Facility for Fluorescent Lamps, HID Bulbs and Batteries

/ 2 . - — \ e —— —

Electrode

Alumina arc tube \

———

Arc

Sodium-mercury amalgam

(o)— 0000

A.C. voltage Ballast

5




Small Mercury Distillation Units for Hg Wastes:

Vacuum Distillation Test Plant for Hg-contaminated Soil

Tests with soil froma chemical site in Japan in PLEQ laboratory
kiln H11
concentration of Hg vs. skin temperature
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Implementation of'flotation in a soil washing plant:

HMI Picture: Froth Flotation installed in a Soil Washing Plant in Berlin

Vorlage I

Vorlage []
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Categorization of Hg-contaminated soils :

Name Criterial (Hg max.)  Criteria ll (Leach. Typical source
max.)
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Max. Hg conc. is inthe | The max. Hg leachingis | CAPs such as

coarse sand fraction congruent to Hg max. Yarraville and Usti
n.L.

Soil from Chlorine-Alkali Electrolysis Buna H56: Hg in [mgl/l] Soil from Chlorine-Alkali Electrolysis Buna H56: Hg in [mg/kg]
7

CMass[%] CMass %]
——Mercury concentration [mg/] —4—Mercury concentration [mg/kg]
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mon

—
iy
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Mass fraction soil [M-%]
it

J
2.0

O™ 5
‘ f)’ Lehrstuhl fiir Aufbereitung
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Mercury concentration [mg/l]
Mass fraction soil [M-%]

Mercury concentrat

o

<0.063 0.063- 0.125-04 0.41 1-4 - <0.063 0.063- 012504 0.441
0.125 Particle size group [mm] 0.125 Particle size group [mm]




~Categorization of Hg-contaminated soils :
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Type Il soll (Yarraville/Australia)

o
o

Mass fraction soil [M-%]
»n
o

-
o

Soil from Chlorine-Alkali Electrolysis Orica Melbourne/Yarraville

6000
C—0rica A: Mass [%]
== Orica B: Mass [%)] 5000
—+—Qrica A: Hg conc.
—x—grll'l%lggé Hg conc. I 4000

[mg/kg]

I 3000

I 2000

- 1000

<0.075

0.075-0.5
Particle size group [mm]
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Mass fraction soil [M-%]
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TCLP test: Soil from CAP Orica Melbourne/Yarraville
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Experiment/conditions

Technical date/specification

Sketch/drawing/photo
of accessories
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Preliminary flotation tests:

Grain size range: 25-400 um

Hg = 1,000 mg/kg DM

Pulp density: 200 g/l

Variation of KAX (0 - 1,000
mg/kg)

Variation: 6 <pH <12

KHD Humbold Wedag MN 935/5
o Year of fabrcation: 1987
o Agitator speed: n = 2,300-2,500
1/min
3 Volume of air: 190 I/h
Agitator measurements:
Diameter 50 mm, height 8 mm
Distance to the bottom 20 mm
Cell volume: 2|
Electric power: 160 W

Sulphidisation/flotation
tests:

Grain size range: 25-400 um
Hg =800 mg/kg DM

Hg = 1,000 mg/kg DM

Hg = 1,200 mg/kg DM

pH = 8 (const.)

Pulp density: 200 g/l

KAX =400 mg/kg (const.)

Denver D 12

. Year of fabrcation: 1987
Agitator speed: n = 1,600 1/min
Volume of air: 190 I/h
Agitator measurements:

Diameter 50 mm, height 8 mm

Distance to the bottom 20 mm
Cell volume: 2 |

. Electric power: 160 W

Attrition (disintegration):
Duration: 30 minutes
Pulp density: 500 g/I

Agitation mill with open vertical

mineral barrel

o Agitatormotor: Bauknecht

° Year of fabrcation: 1986

o Agitator speed: U =900 1/min

. Agitator measurements:
Diameter 187 mm, height 284
mm
Distance to the bottom 10 mm

° Mineral barrel measurements:
Diameter 248 mm, depht 445 mm




Elotation tests performed (preliminary tests):

Preliminary tests performed with mercury-contaminated soil (2):
Concentration of Hg in the cleaned soil vs. conc. of collecting agent (KAX)

O B Preliminary Flotation Tests with mercury contaminated soil (2)
0 ! 10000 ;
| @ ] -«-pH6 -=-pHY7
: —+-pH8 —e—pHY
—=—pH10 ——pH11
1000 ; —%— pH 12

100 5
q

10 5

Concentration of mercury in the cleaned soil [mg/kg]

MONTAN

UNIVERSITAT

WWW.UNILEDBEN.AC.AT

0 100 200 300 400 500 600 700 800 900 1000
Concentration of collecting agent (KAX)[ mg /kg ]

2 [5] Stapelfeldt, F. and Richter, R.: Flotation of coh't.éminated"soil and
X Lehrstuhl fur Aufbereitung
/027 und Veredlung related mineral wastes in soil washing plants, altlasten spektrum, pp

_188 192, 4/2002 (in German language)
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Flotation tests performed (presentation of results):

Hg concentration in the froth product and treatment efficiency
m n vs. sulphidisation
9500

MONTAN P =

9000
UNIVERSITAT 8500 .

WWW.UNILEOBEN.AC.AT 2000 ﬁlw— ——Hg conc. froth prod.; 800
7500 /s\ - 80 [mg/ke]

7000

6500 %\ == Hg conc. froth prod.; 1000

6000 [me/ke]

5500 / v- 60

Mercury cocentration in the Effluent [mgkgl]

// ~Ne =—@—Hg conc. froth prod.; 1200
5000

4500 / [mg/ke]
gggg / - 40  ==Treatm. efficiency; 1000
3000 £/ 2 [mg/ke]
2500 # =@ Treatm. Efficiency; 1200
2000 - 90 me/k

500 [mg/ke]

1000 == Treatm. Efficiency; 800 [mg/kg]
500

0 0

y The highest treatment efficiency with n = 99. n iny'tlj;e"
“;)j;‘ff“)'itj:jf\‘jgr‘;‘;ﬁﬂﬁg“"t""g figure above, could be reached within the test ro g= 199:6

| mglkg with a DMDTC SUIph|d|Sat|0n dosage Of



Flotation tests performed (presentation of results):

m TCLP test results with various Hg concentration in [mg/I]

UNIVERSITAT ¥ o0 |

WWWUNILEOBEN.AC.AT Ej 1 015
= 3
(=]
5 150 + £
3 5
G +01 =
p 2
['F} 4
£ 100 g
£ <
= v}
: + 0,05
= 50 +
=

0 I I I I I I I I 0

0 0,5 1 1,5 2 2,5 3 4 8
Concentration of Sulphidisation agent [mg/I]

- »
ents of the

All decontaminated output samples fulfllllng the
02 Lehrstuhl fur Aufbereitung

(/""" und Veredlung D-list associated to the TCLP“testIII ‘%\ ?
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Advantages / benefits of the wet treatment process:

» Efficient decontamination of high mercury solid wastes in a
contamination range up to 1000 [mg/kgDM]

(advantages / benefits):

mggm# » Transformation of even highly toxic organic mercury

WWW.UNILEDBEN.AC.AT

compounds into leach-stable insoluble mercury complexes
capable for disposal or a downstream
solidification/stabilization

» Chemical fixation of all mercury compounds in the sandy
soll fraction and in the froth product occurs, forming
materials with low solubllity characteristics

» Technology is applicable for a required particle size range
of 500 um (up to 2 mm) in accordance with the selection of
the flotation cell type

» In certain contamination ranges the froth product (flotation
effluent) may even be capable for a further treatment by

solidification
Lehtstuhl fur Aufbereitung
und Veredlung



Processing of NORM waste - treatment in
the petrochemical industry

ety Naturally Occurring Radioactive Materials

WWW.UNILEOBEN.AC.AT

Fixed scales Sludge / (cuttings) Produced Water / Leaks

Lehestuhl fur Aufbereitung
und Veredlung



Generation of NORM in the Oil and Gas Industry:

m

MONTAN

UNIVERSITAT

WWW.UNILEOBEN.AC.AT

NORM residues generated at the well site
during production (exploration)

Films containing lead-210
/ 5
Gas
Wellheads

oﬂ<:|

Produced < Separator-
Water ~~—_ o tank
Scale

Drilling tubular
(Casings) ~

Formation water 11 \/

(o1l and natural gas) I

7. Lehrstuhl fiir Aufbereitung e F s AT
11077 und Veredlung

Water injection

Valves

Scale
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Tests performed with mercury- and NORM-
contaminated sludge

MONTAN
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Sludge and other hazardous waste with a combined
Centrifuge-Rotary Kiln Technology*
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Agenda:

1.  Characteristic of typical Hazardous Waste Streams in Iran
2. Antropogenic Global Emission

3. Overview - Thermal Treatment Methods

4. Requierements on Thermal Treatment Technology

5. State of the Art Rotary Kiln Incineration of Hazardous Waste - AVG
Hamburg; Germany

6. Alternative Flue gas Cleaning Systems
7.  Recovery Process - Oily Sludge
8. Combined Concept - Recovery/Incineration Process

9. Conclusiones
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1. Characteristic of typical Hazardous Waste Streams in Ira

s

_——
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\\

Hazardous waste sources

Petrochemical industry

Fertilizer industrie

Chemical industry

Desaltering industrie and production unit
Other parts of oil and gas industry

Environmental impact:

Potential effects on ecological processes
On human health
Esthetics of the natural and cultural landscape

Examples of impact:

Groundwater contamination
Air pollution

Odors

Noice

Leaks and spills

FIDEC/BlackForrest — Workshop

31.07.2017, Teheran
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1. Characteristic of typical Hazardous Waste Streams in Il'an/«

P

\\

Hazardous waste amounts:

1) Generation of Khuzestan industrial waste (listed -
Basel Convention of 1394):

1)

2)

B 2,9 million t/a including oily sludge?

Other datas not available!

3)

2) Large amounts of oily sludge

Refinery and petrochemical industry
»  Qily sludge from upstream and downstream operations in

petroleum industry:

* upstream operations: extracting-, transporting- and storing cruide

oil process

» downstream operations: crude oil refining processes

Quantities: 500 t of cruide oil generates 1 t oily sludge?

Oily sludge amounts worldwide:

= > 60 million t/a

= > 1 billion t/a has been accumulated

Oily sludge in Iran, 2011:

® 3,576,000 Barrel Crude oil production/day3)

==) -~ 400,000 t/anno of oily sludge

FIDEC/BlackForrest — Workshop
31.07.2017, Teheran

/

References:

Datas from Meli Agro Chemical
Company; individual message

Int. J. Chem.Sci.:13(4), 2015, 1584-1602
,Petroleum Sludge, it's Treatment
and Disposal: A Review* Bagdul
I[slam

Ministry of Petroleum Health, Safety
and Environmental Department
Final Report: ,The Project for
Strengthening Environmental
Management in Petroleum

Industry in Persian Gulf and it's
Coastal Area,

February 2014; Japan International
Cooperation Agency



Antropogenic Global Emission - Hg

Waste |
Mercury.cell disposal TN i Total amount Hg: 1960 t/a
or-alkah :
Indesacy etal praduciion Range: 1010 - 4070 t/a
Ot ang ot Middle Eastern
as o s
. States: 37.2t/a
Sub-continent %
East and southern Asia 39.7
Sub-Saharan Africa 16.1
South America 12.5
South Asia 7.9
Primary
e e RS CIS& other European 5.9
i o countries
Artisanal and Large-scal
9086 production geld production \ European Union 4.5
Canturninoted 0oil i Central America and the 2.4
" refining Caribian
’ Middle Eastern States 1.9
Reference:

4) Technical Background Report for the Global
Mercury Assessment 2013 (UNEP/AMAP)

FIDEC/BlackForrest — Workshop
31.07.2017, Teheran



Overview —- Thermal Treatment Methods

| Electricitil » 2000-10,000 °C: Plasma process : Pyrolyses ==

/

Gasification == Glazing)

|4

$ Products: H,, CO, CO,, C,H,, H20,

°C Org. compounds, e. g. tar, pyrolyses

Products: H,, CO, CO,, N,,

Products: CO,, H,0O
Slag, Boiler ash, flue dust

FIDEC/BlackForrest — Workshop
31.07.2017, Teheran

gasifyer coke, mineralic,
coke residues of Carbon
1200 T
Partial Oxydation .
noo + Total Oxydation
AgpiEhannll Incine?e,ltion
1000 =+ High Gasisication
TP
~ 9 1 ...A... 2.
900 0.2 ...A... 0.5 5
800 == .
Fumigator:
oo 02 (air), H,O,
Middle (CO )
6 TP *
T H tion: .
T Reaction:
2 d— 2 2 3 . 1
500 CO+3H, = CH, + H,O Combustion: C + 4 02 = CO
Low CO+ 1% 0, == CO,

400 =+ TP H, +%2 0, = H,O
300 =+ Heterogene reaction:

Watergas: C+H,0=—= CO+H,
200 + Boudouard: C+CO, &— 2CO

Incomplete
100 L Combustion: C + %2 OF— CO

Hydro-

genated: C+H2 &= H20

Pyrolyses =) Gasification = Incineration




3.

Contherm Process, Hamm, Germany
(2001 - 2009)

Combination Pyrolyses/Hardcoal Boiler
Input: Sewage sludge and RDF

)
®
9
Q
T
1. Reststoffounker 6. Pyrolysedrehrohr - ’
2. Zerkleinerer 7. Brenneranlage ) mggﬁz

3. Vorlagebunker
4. Krananlage
5. Materialschleuse

8. Austrag Pyrolysefeststoff
9. Geblase
10. Zyklonentstauber

FIDEC/BlackForrest — Workshop
31.07.2017, Teheran

Rauchgas
zum Kessel

Pyrolysegas |

Overview - Thermal Treatment Methods

zum Kessel |

Pyrolysekoks
zum Kessel

Fundamental issues:

* Sealing of (rotary kiln) systems
(explosion, danger or emission)

» fals dimensoning —pyrolyses tube, stack

* bed separation efficience of cyclone
condensable gases
(requiere separation or pipe heating

Shut down in 2009 due to
economical reasons




3. Overview - Thermal Treatment Methods

Klirschidmme und andere feste Reststofie

warze Pumpe: Gasifyer/Methanol Synthese

§ -~

Bunker

Dampf '—\ I
(Sputung)

Schleusengas
Eintragschleuse Dampi-
sammier

Wassermants!

Vorwarmzone
Teocknurn g

£ nigasung
Schwelzone

Rohgas
Vergasung

Verbrennungs2one e

Aschezone

Waschkhler

Wasser
Drehrost

Drehrostantried

. Gaswasser,
Teer, Staub

Schiackeschieuse

Sauerstoff

- = l-——‘ Dampf

FIDEC/BlackForrest — Workshop
31.07.2017, Teheran

StaublTeer  Wp—— Waschwasser
{Esndusung)

Fundamental Issues:

* Final product: Methanol

* Fluctuation income due to methanol
market price

Shut down in 2007 due
- to economical reasons




Freeboard Zone

Gasification Zone

Melting Zone

Overview - Thermal Treatment Methods

asma: Alter NRG Process (Counter Flow Gasification)

Waste Inlet

Syngas
— OQutlet

~ 2,000 °C

= Air Feed

—— Plasma Torch

Metal & Slag
OQutput

5,000-7,000 °C

FIDEC/BlackForrest — Workshop
31.07.2017, Teheran

Input:

Utashina (Japan): 7 t/h Shredder
residues, used cars

Mihama-Mikata (Japan): 20 t/h
municipal waste/4 t/h Sewage
Sludge

Pune (India): 72 t/day hazardous
waste

Plasma Process:

High investment, operation and
maintenance costs

Interisting  for  special fractions
(inertisation, slag melting)



3. Overview - Thermal Treatment Methods

er scale plants in Germany - out of operation

Pyrolyses in Salzgitter for Hazardous Waste
Operation: 1993- 1999

Schwel-Brenn-Plant in Fiirth for municipal waste
Operation: 1997-1999

Thermoselect-Plant in Karlsruhe for municipal
waste sewage sludge
Operation: 1999-2003

RCP-Plant in Bremerhafen for municipal waste ,
slags and Flue dust
Operation: 1998-2005

FIDEC/BlackForrest — Workshop
31.07.2017, Teheran



3. Overview - Thermal Treatment Methods
p

/

Conclusion:

Pyrolyse process:
« Always preteatment (crushing, separation) necessery

* Stand allown pyrolyses are not BAT , Best Available Technic®
due to bed quality of final products like coke and gas

= (Condensablesin gas e. g. tar require separation or pipe heating
Gasifyer process

* Gas cleaning high complexity and expensive
= Reactor heating for allothermal process

FIDEC/BlackForrest — Workshop
31.07.2017, Teheran



3. Overview - Thermal Tre%/ '

Conclusiones:

»... alternative thermal waste treatment technologies are not suitable
for the treatment of Hazardous and municipal waste“

Reference:
s) Authorised expert Expertise for Federal Ministry for the Environment, Nature
Conservation and Nuclear Safety

,Status Quo for Thermal Procedures of Alternative Thermal Treatment of Waste“
Final Report; RWTH Aachen, 14/09/01; Quicker et. Al.

FIDEC/BlackForrest — Workshop
31.07.2017, Teheran



4. Requierements on Thermal Treatment Technology

* Waste properties:

suitable for wide range of
hazardous waste properties like
wide range of consistency and heat value
highly flammable |
toxic

reactive

corrosive

carcinogene

high emission potential of halogenes, S,
heavy metals

Examples: Typical Hazardous Waste

Cyanides Residues Pesticide  Solvent-Water Solid mixed Residues plastic
Chemicals (Al -Phosphide) Waste Production

W N T

FIDEC/BlackForrest — Workshop
31.07.2017, Teheran



4. Requierements on Thermal Treatment Technology

»

=

2. Technic:

 State of the Art technology (EU IED Regulation - BAT)
* High availability 87-91 %

* Low pretreatment necessary

* Energyrecovery

+ Effective flue gas cleaning

* Flexible feed systems - lances, bunker, barrel feeding, solid pumps, direct
Injection

* Moderate investment and operational costs

FIDEC/BlackForrest — Workshop
31.07.2017, Teheran



4. Requierements on Thermal Treatment Technology

Requlrements Pyrolyses Ga51f1cat10n Incineration
Rotary Kiln

Best Available
Technic ( BAT) + (combmatlon + (comblnatlon +only spec1al

with afterburning) with waste e. g.

afterburning) Asbestos
avallablhty - - = ++
(tar sediments)
Low pretreatment -- — -+ +
(size < 2 ¢cm) (size < 2 cm; (size of solids < 50 cm
pellets, Barrels up to 200 1
briquetes)

Flexible Feed - - — +
Systems (no barrals) (no barrals) (no barrals)
Energy Efficiency + ++ - +
Flue gas Cleaning +- +- +- ++
Operational costs - - - +

Conclusion: Incineration (Rotary Kiln) isa fuly developed and well-tried

Technology over decades for hazardous waste!
FIDEC/BlackForrest — Workshop

31.07.2017, Teheran
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5. State of the Art Rotary Kiln Incineration of Hazardous Waste
- AVG Hamburg-

vt o

— ﬁfjﬁl
~

I
s
8

1 kiln 4 electrostatic precipitater 7 so, scrubber 10 DeNox-Katalyst
2 pcs 5 quench 8 shaft fan
3 boiler 6 acid scrubber 9 Cokefilter

FIDEC/BlackForrest — Workshop
31.07.2017, Teheran



5. State of the Art Rotary Kiln Incineration of Hazardous Waste
- AVG Hamburg-

Rotary kilns Hamburg - Mass balance

Waste (¥) 111,665 tonnes
Energy

Heating oil 461 tonnes
Waste oil/solvents (¥) 8,657 tonnes
Steam (on-site production) 408,190 GJ
Electricity (purchase) 19,537 MWh

Flue gas cleaning additives

Limestone 688 tonnes
Adsorbent for dioxins

and heavy metals 659 tonnes
DeNOx reagent 166 tonnes
Water

Mains water 3,760 m®
Water from channel 233,865 m’

Re-used water (rain/process water) 16,148 m®
Demineralised water 17,975 m?

FIDEC/BlackForrest — Workshop
31.07.2017, Teheran

ouT

Emissions to atmosphere

Flue gases 691,278,407 Nm?
Energy

Energy (Steam external use) 692,510GJ
Water discharged

Wastewater 12,838 m’
Residual products

Bottom ash (incl. scrap) 36,224 tonnes
Fly ash and boiler dust 3,720 tonnes

Gypsum

Wastewater purification residues

120,322 =111,665 + 8,657

1,288 tonnes
1,110 tonnes

(*) Total volume waste processed in rotary kilns =




- 5. State of the Art Rotary Kiln Incineration of Hazardous Waste
- AVG Hamburg-

P S,

FIDEC/BlackForrest — Workshop
31.07.2017, Teheran



m Art Rotary Kiln Incineration of Hazardous Waste

/ - AVG Hamburg-

FIDEC/BlackForrest — Workshop
31.07.2017, Teheran



%ateof the Art Rotary Kiln Incineration of Hazardous Waste

~

- AVG Hamburg-

Residue Balance:

8hg | Sypsum =) Landfill class I
10 kg | Filter cake :> Landfill class Il

Scrap :> Steel industry

31 kg

Boiler ash/ Salt mine,
Flue ash utilization

Bottom °"‘:> Landfil class Ill

1.000 kg waste

FIDEC/BlackForrest — Workshop
31.07.2017, Teheran



5. State of the Art Rotary Kiln Incineration of Hazardous Waste
- AVG Hamburg-

Energy recovery

Rotary kilns Hamburg

Energy recovery in the boiler 1,086,037 GJ
Process steam, on-site use 408,190 GJ
Electricity purchase 19,537 MWh
Steam external use (sold) 192,364 MWh
Total electricity use at the site 19,537 MWh

FIDEC/BlackForrest — Workshop
31.07.2017, Teheran



5. State of the Art Rotary Kiln Incineration of Hazardous Waste

Rotary kilns Hamburg 2013

- AVG Hamburg-

Hamburg 2013

Performance relative to emission limit i
Rotary kilns
Volume of pollutants
Dust CcO
10 mg/Nm’ 50 mg/Nm
Dust 0.38
Metals* e 7.9 TOC co 5.52
. 8 X 10 mg/Nm
0.5 mg/Nm mg/Nm*  mg/Nm’ TOC 0.15
0.048 0.2 HCl 0.070
mg/Nm’* ' mg/Nm’
R, SO, 5.07
R 0.1
Hg ?‘.:3,?"! 4 mg/Nm’ HCl NO‘ )
0.03 mg/Nm? 10 mg/Nm? cd, Tl 0.0039
0.005 7.2
mg/Nm’ mg/Nm’ Hg 0.0006
76.2 Metals* 0.034
mg/Nm’
T 50, o 90,388
0.05 mg/Nm 50 mg/Nm? =
NO,
200 mg/Nm? * Metals: sum of Sb, As, Pb, Cr,
Co, Cu, Mn, Ni,V, Sn
Daily average standard unless otherwise stipulated in Volumes of pollutants from
‘ environmental licence contaminated components
B Performance 2013 (in tonnes)
*  Metals: sum of Sb, As, Pb, Cr, Co, Cu, Mn, Ni, V, Sn

FIDEC/BlackForrest — Workshop
31.07.2017, Teheran

Iran: Emission Limit
Values

Pollutant|Class1 |Class 2
Particulat

e Matter 150 200
SO2 450 650
NOXx 200 300
HCI 50 75
co 300 450
H2S 15 40
Hg 0,2 1
Pb 1 5
Cr 2 5
Ccd 0,2 1
As, Ni,

Se, Co,

Te 1 20
Zn, Cu,

Sh, Mn,

V, Sn, Ba,

Be 10 30
Dioxin

and

Furan 0,2 0,5




6. Alternative Flue gas Cleaning systems

Dry/Conditioned Dry Flue Gas Cleaning Systems

Solid waste

Barrels

Liquids Fuel
/DI/Fue
1

ED - Evaporation Cooler
SPD - Spray Dryer
DI - Direct Injection

FIDEC/BlackForrest — Workshop
31.07.2017, Teheran

@

ED Bag Filter

-
-

»
4

(t>180°C)

Residues

ED Bag Filter

Ca(OH}),
(18 m3g)
+ HOK

SPD Bag Filter
Kalkmiich

+ H.O

Residues

Stack



~

/Alternative Flueg

X/'

=) Jow residue amounts

expensive additives e. g. Sodium Hydroxide
high separation capacity for HCl and SO,
selective separation

multistage system

costly waste water treatment/disposal
preseparation of dust necessary

higher aerosol/dust emission

bigger requiered space

PCDD/PCDF in connection with filling body scrubber
and lignite (HOK)-injection

FIDEC/BlackForrest — Workshop
31.07.2017, Teheran

as Cleaning systems

Wet technology (conditioned) dry technology

low sorbent consumption, stoichiometry = 1 (NaOH etc.)

higher sorbent consumption, stoichiometry 1.6 to >2
lime and 1.1-1.3 NaHCO,
=) higher residue amounts

favorable additives e. g. Lime

good separation capacity for HCland SO,
no selective separation

singlestage system

simple and robust components

no preseparation necessary

very few aerosol/dust emission

few requiered space

best separation for heavy metals and PCDD/PCDF on
lignite (HOK)



component | electrostatic sorption | fixed bed | scrubber

filter” filter adsorber
Dust X X X (x)
HCl X (x) X
HF X (x) X
SO, X X X
NO, X (x) X X
Hg X X X X
Cd-Tl (x) (x) X X (x)
Sb-Sn (x) (x) X X (x)
As-Cr (x) (x) X X (x)
PCDD/PCD (x) (x) X X X X
F
NH, X X X

1) Only Dust Separator

FIDEC/BlackForrest — Workshop () restricted suitable
31.07.2017, Teheran (x) Dust bounded Heavy Metals



Main hazardous waste stream — oily sludge: ~ 400,000 t/anno in Iran (estimated value)

Sources:

e formed during oil processing at refineries due to waste water treatment, during repairs, reservoir cleanup etc.

e large amounts increasingly permanent

Composition [wt %]V

Mech.

impurities

0.3

53

12.2

24.9

28.7

Org. matter

97.2

56.0

60.9

62.5

65.2

Type Quality
H,O
OS1-upper layerof trapped Hydrocarbon, smal amount H20, 2.5
petroleum product mech. impurities
OS2-fresh sludge Saturated black color, great amount 38.7
of tar
OS3-emulsive sludge Dark-grey color, high viscosity, 26.9
concentrated emulsion
OS4-suspension sludge Light grey color, plastic-viscosous 12.6
like pastes or mastics
OSs-bitumen sludge Grey-black color, not mobile at low 6.1
T, preesed HC
Conclusion: Utilisation methods like production of bitumen, building, lubricating materials,
and treatment methods like pyrolyses and cooking are insufficient.

Reference:
% Chemistry and Chemical Technology, Sergeyi Vdovenko et. Al., Vol. g, No. 21, 2015
»,Composition and properties of petroleum sludge produced at the refineries“

FIDEC/BlackForrest — Workshop
31.07.2017, Teheran
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7. Recovery Process - Oily Sludge

/

~

) oil phase
Raw material

) ready for re-use in
e.g., slop oil refinery or fuel
from a refinery etc.
typical _
composition: «e
25 %% oil water phase
70 % water clean enough for
5 % solids _’ handling in a

standard waste-
water treatment
plant

- solids phase
ready for landfill

or incineration

i ~ 4]  Flottweg

FIDEC/BlackForrest — Workshop
31.07.2017, Teheran



Recovery Process - Oily Sludge

Process flow - refinery slops:

- waste water
Slop ol ¥ ireatment plant
demulsifying agent

variable

condansate
steam

water —l

¥ |

L 3

Y

flocculant

automatic direct steam injection
eparation ' ,
g{r c?\emncals _ : —) > e *
i
*) variable impeller system oliinse

T Flottweg

Sc‘p"tr;mnn Tm‘hnnlnqy

FIDEC/BlackForrest — Workshop
31.07.2017, Teheran



7. Recovery Process - Oily Sludge

- | Requierements on Treatment Technolo

Modulare construction - flexible using

High separation efficience due to oil recovery

Final H,O fraction shall be treatable in available water treatment plants

Suitable for sludge which contain volatile organic compounds inertisation === gas tight system
» Heatable tank templates

mmmp- F4 = flushing line
mmmmpy F7 = keeping the min. housing pressure P5/P6 by pressure reducing valve 0 air
mmmp [1, F2, F3 = inert gas feed (nitrogen)

P1, P2, P3 = sealing pressure)

P5/P6 = housing pressure / internal pressure Connections
mmmm PSV = connection for overpressure protection

® e & O
@?11 { @6

< . oA
1 iz
7 . B0

sl

2X

FIDEC/BlackForrest — Workshop E !'-IOt 4 weg
31.07.2017, Teheran
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7. Recovery Process - Oily Sludge

Oil Sludge Treatment capacities
Tricanter® 3-phase separation

l ZAE-4
} Pond and lagoon sludge th| 5-9
i Slop oil th | 4-6
| Qil from tank cleaning th | 5-9

i The capacities for the Z8E Tricanter® are estimated based on experiance gained from the
Z6E as there is no Z8E operating in oil sludge at the moment.

FIDEC/BlackForrest — Workshop
31.07.2017, Teheran VFIottweg

ation Technology



7. Recovery Process - Oily Sludge

Oil Lagoon Project: Usen, Kazakhstan 2006-2011
Flottweg, Germany

FIDEC/BlackForrest — Workshop T Flottweg
31.07.2017, Teheran Saparation Technology



7. Recovery Process - Oily Sludge
o=

Oil Lagoon Project: Usen, Kazakhstan 2006-2011
Flottweg, Germany

Typical oil lagoon w Flottweg

FEED: OIL 50-75%, WATER 15-35%, SOLIDS 512%
CHLORIDE 75.000 - 120.000 mg/l

Output Tricanter® \§ Flottweg | Solids discharge \§ Flottweg

WATER IN THE OIL PHASE - 0,3-%, CLORIDES 100 mgl Humidd ofthe cake approx. 50%
OIL IN THE WATER PHASE - 0,5%, SOLIDS IN THE OIL AND WATER PHASE - max.0,5%

4) References (27-32): Flottweg Separation Technology

FIDEC/BlackForrest — Workshop
31.07.2017, Teheran Wf’?ttweg

»n Technology
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Combined Concept: Recovery/Incineration Process

Incineration Plant: Capacity 30,000 t/a ‘

- X t/a other

Energy Ecovery

HW Solids

P Solids - Tricanter

A 4

Recovered Oil

Recovered 0Oil
as Fuel e. g.
2000,0 t/a

5,500 tia
Y t/a other
liquids HW
z t/a other
pasty HW

as Fuele. g.

1,000 t/a
Oily Sludge e. g.

1,500 t/a

Landfill

» Residues

Solidification/Landfill

0il Recovery Mobile PlantCapacity: 50,000 t/a

Oily Sludge

Water:
1,500 tia

Oily sludge
appr. 90 °C
steam heated

50,000

Waste Water
Treatment

Water phase 11,000 t/a

Heated Line

Tricanter Type: Z6 - E4 (15 - 20 t/h)

S\ A\ o e
AR -

51,500 t/a

Oil phase: 34,000 t/a

Input Composition:
Oil content: 60 - 70 %
‘Water content: 30-40 %
Solid content; < 15%
Output Quality:
‘Water phase: < 1 % Oil

< 0.5-1 % Solids
Oil phase: = 1-2 % Water
Solids = 0.1-0.5 % Oil
Solid phase: < 50-60 % Water

Solid phase: 5,000 t/a

Recovered <
0il
Tank

31,000 t/a

, T
>

0il back to Refinery

]

HWI Plant - bunker

FIDEC/BlackForrest — Workshop

31.07.2017, Teheran

33



9. Conclusiones

/ e

,/

Large amounts of a wide range of hazardous waste especially oily sludge
needs a suitable environment frindly treatment process!

1. Alternate thermal methods like pyrolyses, gasification, plasma and combined
processes are insufficient suitable

2. Hazardous waste incineration in a rotary kiln plant has evidenced the
suitablity over decades

3. A combination of oil recycling and incineration due to large amounts of oily
sludge has different advantages:

* Qil could be reused e. g. as fuel in incineration process and in refineries

» Recomendation of mobile tricanter system on rent basis is cost effective and
flexible

= Lower investment costs for the incineration plant due to recycling of oil

» Steam production possible

= Steam could be use to heat up oily sludge in the tricanter plant

» Mutual use of nitrogene systeme

FIDEC/BlackForrest — Workshop
31.07.2017, Teheran
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Approach towards Sustainability in
Petroleum Industry

Innovative Solutions for Wastewater & Energy Management

Muhammad Waseem, Technical Adyvisor
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) WASTEWATER MANAGEMENT - INTRODUCTION

OBJECTIVES

TECHNIQUES

CRITERIA TO CHOOSE TECHNOLOGY
T ERGY MANAGEMENT — A NEED

 TO MOVE FORWARD
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Wastewater 5nagemM Brlta/l‘ Introduction
»

» WHAT..... > WHY.....
®"  Produced wastewater ®  Increasing legislations
= Composition *  Environment for our children

. Potential Profit

BLACKFOREST

SOLUTIONS

» HOW.....
=  Avoiding
=  Injecting
=  Treating & Reusing
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SOLUTIONS

Wastewater Management — Objectives ~—

'

* Removal of free and dispersed oil and grease present in
produced water.

De-oiling

SlellUs[Shelde e lylles {=yyle)iel -« Removal of dissolved organics.

* Removal of bacteria, microorganisms, algae, etc.

* Removal of suspended particles, sand, turbidity, etc.

* Removal of light hydrocarbon gases, carbon dioxide,
hydrogen sulfide, etc.

* Removal of dissolved salts, sulfates, nitrates, contaminants,
scaling agents, etc.

* Removal of excess water hardness.

* Addition of calcium or magnesium ions into the produced
M water to adjust sodicity levels prior to irrigation.
- u

Miscellaneous * Naturally occurring radioactive materials (NORM) removal.

B ) S 2\ J
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Wastewater Management — Common Treatment Methods -/
o out”

APl gravity
separator

Corrugated
plate
separator

Secondary
Solids Outlet

Corrugated Plate (CPI)

Induced gas
floatation

Oil
Skimming
Outlet

Qily Sore, Media filter
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“Wastewater Management — Cont... N

Soluble
Organics
® , Y v v Removal
£ F %[y
' ox x
x

input

1 1
! 1
L] 1
(V1A [4]
Stormwater I I l

x Clean water output
L (to storage pond)

Constructed Wetland
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Wastewater Management — Cont... —/
C
()
REVERSE OSMOSIS
APPLIED PRESSURE PURE WATER

Semi-
Permeable
Membrane

Contaminants —p Ji* :

Direction of water flow

Revers Osmosis process

Concentrated Salt Out

Desalted Product

Anode
()

Anion Exchange Membrane

Cation Exchange Membrane

Feed Solution

Evaporation

lon

Exchange Distillation

Chemical Reverse
Treatment caak s Osmosis
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SCLUTIONS

~’

Wastewater Management — Concentrate Handling -/
e

4‘ " 4"‘"“#

Factors to keep in mind

",,"

Dlsposql with |n|ec’r|on Regfonq.l.dwposql
availability

Local availability

Volume of concentrate

stream

Environmental regulations

Environmental impacts

Public reception

Cost
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SCLUTIONS
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Wastewater Management — Choosing A Right Technology -/

S )

Selection 4 3 1

criteria Moderately Moderate Very high

low

Ability to remove
technology specific
contaminants
Consumption of
resources to achieve
desire removal using
given technologies
Requirement of pre- or
post-treatment
technologies with given
technologies
Durability of the
treatment technology

Mobility of the
treatment units

Level of contaminants
in influent produced
water

i
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Energy Management — Climate Change is Happening Now

&
- in 02 U/O 3 B
World energy consumption up sty Since
45% sinice 1980, 70% higler G faste,  ltion
by 2030 80 ey,
y W ¢ (:::e rlfoels'gur?ef competition &
a ey A o [tical instability kee
re WO pareE o Prices high :

2\ A\
n‘:‘a“ ce 1w
c:‘“o\)%“t

suming about 20% of its output

jis con
The O&G ! = poods

for its own proce

These trends are here to last unless we act |
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SCLUTIONS

Energy Management — How the O&G Industry can Achieve it

Energy
Efficiency

Energy
Conservation
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SCLUTIONS

Energy Management — How the O&G Industry can Achieve it

& &

Wirste Heat Oul Closed Loop Working Fluid Flow

Prevsurmed Wapor

Energy
Efficiency EvepiiaRe

Waste Heal in Pressuriced Figd
Lot PrasaiLse Vapos

STEAM OR R Cooling or Air Cooled Condenser
r ‘ HOT WATER J E Heating Cooling Agent Fetum L1l
HEAT
o gl RECOVERY
UNIT
Thermal Output BUILDING

OR FACILITY

GENERATOR o 7 POWER GRID

Electricity

ENGINE OR
@ - TURBINE
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Energy Management — How the O&G Industry can Achieve it

Efficiency

1SO 50001

A Match Made in Heaven?



BLACKFOREST

The greatest threat
to our planet is the
belief that someone

else will save

:..-r“
o

Lol 4a 55 )

Thank You for Your Attention
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Backup Slides
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‘Ensuring sustainability - Tackling the Whole Sanitation Chain —/

CONTAINMENT 3> EMPTYING »»>  TRANSPORT  »>  TREATMENT >»

Sewerage Water Sewer network pumping stations Treatment
closet plant

Latrine or é )
Septi Localized sewer network REUSE/DISPOSAL
Fecal Sludge eplic DEWATS
Management : E“;II Treatment ’ School/urban
for on-site nFublic plant Gardening etc.
SFEtEmS Institution Frimaw T ¢
\_ s emptying ransfer \ )




INTORS
ACTION

Reduction of waste to landfill through fully
automatic near- infrared sorting technology

Sebastian Ebers (Middle East sales engineer)



THE TOMRA GROUP

SPECIALTY

e Publicly listed on Oslo Stock
Exchange (OSEBX:TOM)

e 2500 employees globally
 Revenues of 510 million EUR (2014)
e EBITA of 100 million EUR (2014)

e Strong focus on R&D to fulfill
customers needs.




10,500 UNITS IN OVER 80 COUNTRIES

5900 N 4. 500 | " 90

FOOD UNITS

RECYCLING UNITS - y MINING UNITS

* Not including machines sold on OEM agreement.
Recount of TOMRA Sorting Solutions” install base in 2016. 3



WASTE SORTING PLANT - STATUS QUO IRAN

Manual picking difficult due to
overloaded belts and closed
bags.

AR s T e TED e
A lot of recyclable material is
going to landfill. Overall recovery

rate of plants needs to be
improved.

Disadvantages of current
“sorting plant”:

* Low recovery rates

* No consistency in
performance

* Loss of valuable
materials.

* Dangerous working
environment for
manual labor



AVERAGE WASTE COMPOSITION

Cardboard

Paper

HDPE/PP

PET Bottles

Other plastics (PVC, ABS...)
Nylon (PE-film)

Cardboard

Paper

HDPE/PP

PET Bottles

Other plastics (PVC, ABS...)
Nylon (PE-film)

Ferrous Ferrous
Non-ferrous Non-ferrous
Glass Glass

LD GIES Textiles

m H
vigdalliv iviactciial

Organic Material

Others (wood, diapers...)

Others (wood, diapers...)

Average Middle East composition Average Iran composition

The above compositions vary in each country and city.
A detailed waste analysis is essential to develop the correct process.




MSW WASTE SORTING

Example = 35 t/h

Manual sorting plant 4 %

Manual sorting of
Cardboard, PET, HDPE, PP

2%
Ferrous and non-ferrous

metals

Rest for disposal & compost




OPPORTUNITIES IN IRAN

::‘ { ¥ "' p ‘ﬁ/ e. "‘_’:V‘ 3

\)

Material which is currently being dumped on landfill.



OPPORTUNITIES IN IRAN

Example =35 t/h

Automated sorting of
Cardboard, PET, HDPE, PP

Automated sorting plant

RDF* for cement- and power
plants

>
>

2%

Ferrous and non-ferrous
metals

Rest for disposal & compost

*RDF — Residue derived fuel



MATERIAL RECOVERY FACILITY - EXAMPLE

III%%!HHHHIII

\YELUE]

_ Bulky
Pre sorting - items

>320mm

v

Manual sorting [

Trommel Screen

70-320 mm

Eddy Current
Separator Ferrous

AUTOSORT

v v J
v 4 v { y v v
; Large film : Mixed
Residue ’ Residue PET RDF "
; / ; Cardboard ; \ / \ paper } RDF HDPE/PP PE-film

R Fines
<70 mm (Organic)

Ballistic
AUTOSORT
Valuable plastics =P EILls 2D

Magnet
AUTOSORT

AUTOSORT

Input: Municipal Solid Waste

50-60% of input material in Middle
East is organic (food waste).

First AUTOSORT concentrates
valuable materials.

Ballistic separator divides rolling (3D)
and flat material (2D).

Additional AUTOSORTSs recover
desired recyables.

Manual quality control can be added
if required.




AUTOMATED SORTING FOR MSW FACILITIES

10



POSSIBLE PLANT LAYOUT FOR 35 T/H

* Automatic recognition and ejection of g 1l 3 “’2 |
valuable materials out of a mixed R It P
waste stream.

* Manual labor in reduced numbers for
quality control (as opposed to picking);
pre-sorting and oversized items.

* Significant increase in the recovery rate
of recyclable materials and continues
high qualities.

11



SENSOR BASED SORTING

o Feeding of unsorted material
9 Spectrometer scanner

9 Separation chamber

12



HOW DOES THE NIR SCANNER WORK?

NIR-detector unit

NIR-light
source

O O

Molecules of the sample

How it works

Nl%ht
N

[ B
\ !i:.JJ
V)

“Heat”
absorption

@® Irradiation with NIR light source

® Certain frequencies excite molecules to
oscillate -> these frequencies are heavily
absorbed

® Part of the light is diffusely reflected

® Lightis directed to the detector unit and
separated into its parts

Spectrum of intensity for each
wavelengths

13



HOW DOES THE NIR SCANNER WORK?

oo TGN, ~
g:i AN PVC\\‘ y
0° N //—*\ \ 7~

o \ [ PE \ /
o \ / \ o/

iy L‘\HJM

Frrrri Frrri rrrri Frrrri LI UL
o — (9\] o < <t Lo (o) N~ o (@) o — (9N} o < < LO ({o) N~ (o) (@)} o — (9N} o
o o (do) D AN LO (o] — <t N~ (@) < N~ o o O (@) N Lo o0 — < (e0) — <t N~
— — — — (9\] (@\] (@\] o (9p) (9p) < < < LO LO LO LO (o) (o) © N~ N~ N~ (e 0) (o) (o)
— — — — — — — — — — — — — — — — — — — — — — — — — —

(Laboratory Spectrometer: Bruker Tensor 27)

Every polymer has a typical spectra which can be detected by a TOMRA NIR scanner.



MRF IN CYPRUS

IN PRACTICE

Automatic sorting of valuables from MSW
Helector / Larnaca / Cyprus







OPPORTUNITIES FOR RDF

—_—

Coal power plants

17



REQUIREMENTS FOR RDF

* Production of a high-calorific fraction with low chlorine content (< 1%)
from Municipal solid waste, C&I| waste, bulky waste and production
waste is possible with the AUTOSORT.

calorific value
chlorine content

o
(8]
|

o
o
|

ol
|

=%
w w
<

©C = N W s~ U

mass.
S

[N
o1
|

chlorine content in
calorific value MJ/KG
o

=
o
|

o ol
|

MSW Cement plant Power plant Lime plant PP-PE wood coal RDF

18






OPPORTUNITIES FOR ORGANIC TREATMENT

Total waste Organic Output
volume/MSW input after autosort
>20mm + X-tract

Organic
Magnetic Eddz.r Current material
Screen
‘ - + bones el SR
+ wood
Organic
Ferrous Non-Ferrous Fraction Fra-:tmn . 61.9% 86.2%
@ @ lsm 60/50mm| material
Bones 3.4% 1.7%

Wood 3.9% 76%

l_ﬁﬂ m% Plastic 7.6% 2.5%
lnertmaterial  181% 11%

Stones, glass Organic @ G;E? Wﬁ Metals 5.0% 1.0%
etc fractlon metals metals fractlon etc Discharge 15.0t/h 27t/

The organic fraction of the MRF can be automatically cleaned from Inert
materials and plastic with TOMRASs technology.

20



OPPORTUNITIES FOR ORGANIC TREATMENT

IN PRACTICE

Clean fresh organic from inert material
( glass, stones, metal)

SUFI / Ecoparque de La Rioja / Spain




ADVANTEGES OF AUTOMATED SORTING

 Drastically increase the recovery of all desired materials (PET, HDPE/PP, FE, NE...)
* Manual picking line: 7% recovery — automated sorting 20-25% recovery

* Create cleaner products with less labor costs.

e Additionally, with the reduction of labor the main reason for changes in quality can
be avoided. It is possible to produce the same quality continuously.

22



" THANK YOU FOR YOUR INTEREST

ebers@tomrasorting.com
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