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The global carbon cycle
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Figure: Schematic representation of the overall perturbation of the global carbon cycle caused by anthropogenic activities,
averaged globally for the decade 2011-2020. See legends for the corresponding arrows and units.

The uncertainty in the atmospheric CO2 growth rate is very small (£0.02 GtC yr-1) and is neglected for the figure.

The anthropogenic perturbation occurs on top of an active carbon cycle, with fluxes and stocks represented in the background and
taken from Canadell et al. (2022) for all numbers, except for the carbon stocks in coasts which is from a literature review of coastal

marine sediments (Price and Warren, 2016).
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Distribution of greenhouse gas emissions worldwide in 2019, by sector

- Other fuel combustion 1%

+ LUCF* 3%

- Waste 3% /

+ Building &% + Electricty & heat 22%

Industrial processes 6%

- Fugitive emissions 7%

« Agriculture 12%

« Transportation 17%

Manufacturing/Construction 13%
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Shares of Turkey’s Greenhouse Gas Emissions in 2017
(United Nations Framework Convention on Climate ChangeUNFCCC, 2019a)

= Energy ® Industry = Agriculture = Waste
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Turkey announced at COP27 (2022) an updated Nationally Determined Contribution (NDC), setting
2038 as an emission peak year.

The new scenario presented as a success translates into increasing today’s greenhouse gas emissions
by more than 30% until 2030, by not planning to reduce emissions in absollute terms — aka from
tod ady (https://caneurope.org/turkeys-new-climate-target-does-not-take-the-countrys-2053-net-zero-goal-seriously/)

Turkey’s INDC Targets (UNFCCC, 2019b)

Total Greenhouse Gas Emissions (Million Tons of COze)

1.175

430

430

2010 2015 2020 2025 2030

—o—Reference Scenario (BAU) Mitigation Scenario

https://unfccc.int/sites/default/files/NDC/2022-06/The INDC_of TURKEY v.15.19.30.pdf
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Greenhouse gas emissions of waste management, EU-28, 1990-2017
(million tonnes of CO, equivalent)
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m Solid waste disposal m Wastewater treatment and discharge m Incineration and open burning of waste
Source: EEA, republished by Eurostat (online data code: env_air_gge) eurostat#4

Waste is the fourth largest source sector of emissions, accounting for 3% of total
greenhouse gas emissions in 2017. Most emissions come from combusting fuels

(77%), followed by agriculture (10%) and industrial processes (8%).
Prof. Dr. N.Kamil SALIHOGLU December, 2022



Greenhouse Gas Emissions in Turkey from Waste (UNFCCC, 2019a)

Greenhouse gas emissions from waste management
(kt CO: equivalent) 1990 - 2017
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Municipal waste treatment, EU-28, 1995-2017
(million tonnes)
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—Disposal - landfill and other
——Material recycling, composting and digestion
—Disposal - incineration {including energy recovery)

Source. Eurostat (online data code. env_wasmun) eurostatig
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The reduction in emissions from solid waste
disposal follows from an increase in the
recovery of landfill gas and a reduction in the
amount of landfilling. With more waste being
recycled, less of it needs to be landfilled or
incinerated, which contributes to protecting the
climate.

Responsible Waste Management Hierarchy

Generating less waste
Red uce in everyday life

Repairing or reconditioning
devices or parts for reuse

The emissions from solid waste disposal are

\  Recycle .f‘?"T:rbnmg material nto a new reduced further by the mandatory installation of
i ~ substance or product . . .
— landfill gas recovery at new sites. Changing the
asteto ’
R he . .
BN iy e treatment of waste is just one example of how

creating a more circular economy helps to reduce
emissions and fight climate change.

Landfill when na alternative
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THE PATH TO

DECARBONIZATION
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Comparison of Solid Waste Technologies

World Bank, Decision Maker’s Guides for Solid Waste Management Technologies, 2018.

Basic Process

Ideal Types of
Waste

Waste to Avoid

Waste composition
threshold for
organic fraction or
moisture content
(%o)

Mass Reduction of
Waste (%)

Land Requirement

Sanitary Landfill

Disposal

Municipal solid
waste, construction
and demolition
waste, wastewater
sludge, non-
hazardous industrial
wastes

Medical

Generally large
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Composting

Biological treatment

Food waste
{(including wastes
from households,
restaurants and
markets), fats/
ails/ grease, paper
and cardboard,
landscaping and
garden waste (e.g.
hedge-clippings,
leaves)

Mon-biodegradable
wastes (plastic,
glass, metal, inerts)

High as possible

50%

0.065 - 10.8

Anaerobic Digestion

Biological treatment

Food waste
(Including wastes

from households,
restaurants and

markets), Tats/
olls/grease,
slaughterhouse
waste (depending
local regulations).
and garden waste

MNon-biodegradable
wastes (plastic,
glass, metal, inerts),
tree clippings

>50%

50%

161-6.45

Incineration

Thermal treatment

Mixaed municipal solld
waste, medical waste,
demolition wood, auto
shredder residue, dried
sewage sludge, and
soma industrial soiid
wastas

Yard leaves or source-
separated food waste

<b0%

80-85%

Much smaller than that




Comparison of Solid Waste Technologies

Proven Technology/
Market Maturity

Operational
complexity

Pre-processing of
Feedstock

Average Range of
Waste Throughput
{tonnes/day)

Primary output

Secondary output

Energy conversion
efficiency (kWh/
tonne of municipal
solid waste)

Sanitary Landfill

++

Requires specialized

training, careful
maintenance, and
post-closure care

Mo

50-10,000

Landfill gas (where

recovered), leachate

Electricity and/or
heat (where landfill
gas is recovered)

65 (landfill gas)

Composting

4

Proper training
required

Preferred

2.5-300

Compost

Anaerobic Digestion

Proper training
required

Yes

0.5 - 500

Methane, digestate

Electricity and/or
heat; liquid or solid
fertilizer

165 - 245

Incineration

Technically complex,
requires highly skilled
training and careful
maintenance

Yes

5 — 1000 (common
range Is 200 — 700)

Alr and ash

Heat and sometimes
electricity

500 - 600
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Comparison of Solid Waste Technologies
Sanitary Landfill Composting Anaerobic Digestion Incineration

Capital costs (US$/ 5-52 (US%/tonne 30 - 400 220 - 660 190 — 1000

annual tonne) over lifetime)

Operating costs /=30 (butcanbeas 12-100 22-57 12-5%

(US%/tonne) high as 120)

Greenhouse Gas Significant; can be Reduced Significant; captured Considered renewable

Emissions captured by landfifl and used to or climate-neutral
gas recovery generate energy

Carben Finance Yes (where landfill Yes Yes (where biogasis  Yes (where energy is

potential gas is recovered) recovered) recovered)

CDM (Carbon AMS-ILG. AMS-IILE AMS-ILA.O. AMS-ILE.

ﬁnﬂnﬂe .ﬂ\MS_IH-AF

 methodology) '

AMS-III.AG.: Switching from high carbon intensive grid electricity to low carbon intensive fossil fuel
AMS-IILLF.  : Avoidance of methane emissions through composting

AMS-II1.AO.: Methane recovery through controlled anaerobic digestion

AMS-III.E.: Avoidance of methane production from decay of biomass through controlled combustion,
gasification or mechanical/thermal treatment

Prof. Dr. N.Kamil SALIHOGLU December. 2022 https://cdm.unfccc.int/methodologies/DB/F5U41CTG7ENWK9RSSL5BV1LUPDG76 W



Greenhouse Gas Emissions from Waste According to IPCC Guidelines (ibid)

+ 4A Solid Waste Disposal i A1 Landfill Site
4A2 Waste Dump Site (Uncontrolled Dumping) CH,

4A3 Others
~ 4B Biological Treatment '
m» 4B1 Composting CHs N.O
4B2 Biogas Plants 4 2
__ 4CIncineration and Open . 4C1 Waste Incineration
Burning of Wastes 4C2 Open Burning of Wastes CH, CO;
4D1 Domestic Wastewater Treatment Plant
N 4D Wastewater Treatment [ and Discharge CH. N.O
and Discharge 4D2 Industrial Wastewater Treatment Plant e
and Discharge
+ 4E Others
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PE, = PE, s + PE, puns + PE (1

|’ franag ¥, e

Where:
PE, Project activity direct emissions in the yvear v (1CO:¢)
The United Nations
PE. ... Emissions through combustion and gasification of non-biomass carbon of waste F kC ti
] and RDF/SB in the year y (1COs¢) ramework convention
o - Emissions through incremental transportation in the year v (1C0-¢) on Climate Change
‘ ¥ | : (UNFCCC)
PE, e Emissions through elecineity or diesel consumption in the year v (1CO5¢)
I8 The expected annual quantity (tonnes) and composition of the waste combusted, gasified or
mechanically/thermally treated by the project activity during the erediting period shall be described . . . lifi
in the project design document, including the biomass and non-biomass carbon content of the Indicative simpi ied
combusted or gasified waste and RDF/SB (Qbimaes a0 Qnon-iomass) baseline and
The expected consumption of auxiliary fuel for the incineration, gasification, mechanical/thermal monitoring

treatment process (Qy) should also be reported in the project design document. CO- enussions thodologi
from the combustion of the non-biomass (i.e.. fossil) carbon content of the wastes and RDF/SB and methodologies
from the auxiliary fossil fuel consumed will be estimated assuming the complete oxidation of for selected small-scale

rarbon o CO» in the combustion. . . .
s CDM project activity

PE, comt = Oy pon-tiowias *AN2+ 0, oy *EF, g (2) categories
Where:
e Non-biomass carbon of the waste and RDF/SB combusted/gasified in the year v
' {tonnes of carbon)
i -~ Quantity of auxiliary fossil luel used in the vear y (tonnes)
EF CO; enussion factor for the combustion of the auxihary fossil fuel (tonnes CO; per

el

tonne fuel, according to latest IPCC Guidelines)
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PE\-.mmrl‘ = (Q\ '/ CT\ )* DAFu * EE o2 2 & (Q\ a5k /('T‘ ask )* DAF::.‘J: . EE o + (3)

(Q‘ RDE T SB /CTs ROK S8 )* D“IFRIH- \4 . EE 2

Where:

0, Quantity of waste combusted, gasified or mechanically/thermally treated in the
year y (tonnes)

CT, Average truck capacity for waste transportation (tonnes/truck)

DAF, Average incremental distance for waste transportation (km/truck)

EF ., CO; emission factor from fuel use due to transportation (1CO:/km, [PCC default
values or local values)

0. Quantity of combustion and gasification residues and residues from

‘ mechanical/thermal treatment produced in the year y (tonnes)

€T, 2 Average truck capacity for residues transportation (tonnes/truck)

DAF,, Average distance for residues transportation (km/truck)

3, —— Quantity of RDF/SB produced in the year y (tonnes)

Gy AT Average truck capacity for RDF/SB transportation (tonnes/truck)

DAF i Aggregate average distance for RDF/SB transportation to the storage in the
production site as well as to the end user sites (km/truck)
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Greenhouse Gas Emissions from Waste (%) (European Environment Agency, 2014)

Greenhouse Gas Emissions (%)

3% o 2%

|

B Landfill sites B |ncineration withaout energy recovery B Other waste treatmant methods

Greenhouse Gas Emissions in Turkey from Waste - 2017 (ktCO2/year) (UNFCCC, 2018)

Solid waste disposal 2079
Biological treatment of waste 14
Incineration 4
Wastewater treatment and discharge 8,258
Total 17,355
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——» GHG Emission (CO,)
LANDFILL *J "{ Heating Homes ]--—
— | { LFG to Energy ] l — GHG Reduction
’g -[ Electricity ]‘__.
_g GHG Emission (CO,)
- =
.&1 — a[ Material Recovery of Recyclables]-— GHG Reduction
s
2
2 —» GHG Emission (CO,) »GHG Emission (CO,, CH,, N,0)
- |
a2
K] :
‘e : -[Food Waste] { Land Use }% GHG Reduction
3
S| &
—v[ Material Recovery of Recyclables <+—— GHG Reduction
g —» GHG Emission (CO,, N,0)
» -L Stack Exhaust J
— 4.[ Heating Homes ].%«
§ L‘[l-lf.-at Energy RecoveryJ—k |~— GHG Reduction
— Electricity Jo

System boundaries of landfilling, LFG to energy, composting, MRF and incineration processes.
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GHG reduction GHG reduction
- from energy recovery from materiel recovery

— = = = - —_—
emission emission
from * LFG to MRF w‘ from procass
. LFG combustion energy .
. GG | ~ 6HG
emission Composting Incineration emission
from - ’ from
' GHG reduction ‘GHG reduction from
from land use energy recovery Process Scenario 1 Scenario 2 Scemario 3
Material Recovery Facility (MRF) Yes Yea Mo
Composting Mo Yes Mo
Combustion No Mo Tes
Landfilling with LFG récovery Yoy Mo Mo

e Largest net GHG reduction was through conversion of waste to energy via incineration.
e Plastics should be carefully treated because of their higher GHG potential.

e Composting has resulted in net GHG generation.

e Landfill disposal should be replaced by thermal conversion technologies.

e MRF, LFG to energy and incinerationprocesseshave resulted innet GHG savings.

C. Yaman, Environmental Development 33 (2020)



You Can Make a Difference!

By choosing to prevent waste and recycle, you can help curb climate change. Assume your office, for example, throws
away 100 tons of white office paper each year. If you recycle just half that amount of paper, look what happens:

§

Scenario 1 2

Throwing away o E

100 tons of office v

aper -

pap s 8

ac

Waste £5

Management ° 5

Impact: g 3

62 MTCE 2§

- — 3 — o £

Trees are harvested Logs are transported to Warkers use and Tfagh_lgcplie;ted and Paper is buried 0 g 3

a paper manufacturer, manufactured. dispose of paper. _araiSported toa Rnufill In the landfill -8 g

> 3 kS

Scenario 2 - 75 85

Recycling 50 tons , & o

of that paper “w =

@ =

Waste 0 3’.

Management U e

Impact: @ £

-

-3 MTCE 2%

§ S

~¢! GHG Fewer trees Fewer Jogs are Less paper s Workers ustand Paper s collected and Thetecovered paper -3 (G

Emissions are harvested. transported to a manufactured from recycle paper, transported to a I8 remanufactured >
Avoided: paper manufacture virgin material, recyching facility :

MTCE =

x 65 MTCE Negative numébers, for example -3 ool -65 MICE shown in thy graphee, indicate the armount of graenfiouse gay ermissions rmm,muwmmmm ond recycling practices

Adapted from U S. EPA fwwwiepa.gowwastes/nonhaz/municipal/ipubs/ghg/climiold pdf)
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Waste disposal methods related to business-as-usual and an alternative sppronch with three different scenarios during

20182025,

Business-as-usual

Anaerobic
Dhgestion
1%

Incineration
1%

Recyeling

Scenario-2
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Compostng  Scenario-1

%

Anaerobie
Digestion

1%

Incineration
1%

Recycling
5%

Scenario-3
Composting
%%
Anacrobic
Digestion

Recyeling
5%

Tun and Juchelkova, Environmental Engineering Research 2019; 24(4): 618-629.



The current waste management sector of Myanmar

d Total Net GHG E i .

e e m'”wf? ......... o generates approximately 2,000 Gg of CO2-eq per year
Sam0 | 0 Gt in 2018, trending around 3,350 Gg of CO2-eq per year
= 5000 & in 2025.

‘:"Il)ll _oaeT §
8 4000 £
E_uwm ﬂ L. The Scenario-2 (10% recycling, 10% composting, 65%
.l B = landfilling and the currently applied waste-to-energy
018 220 2022 2024 2025 power plants) could offer the least environmental
Year % . . . .
S—TiotiEta s i S— o] impacts, along with the lowest GHG emissions and the
i AL highest waste resource recovery.
o l:l-l-'i-illll ol Thie Wasti |Iﬂ.; wisal Mothels
“Iraﬂm Separation B Y Amﬂahi"t?.m:mw Energy Economic Environmental
. e disposzal Cost andd material )
The GHG emissions from work _ benefits henefits impact
. methods technologies MESOUrCes
the business-as-usual e
- As-usual Lo Mormal Ly Mverage Average High
waste management as-usual

COUld be red Uced by Sernarie-]  Needed A Sommal IHhgh AweTagn Average e ':“"""l*i"'*-'l:'-'

o . ]

50% by this scenario _ L W———

. T I Tigghiy it S e Compearatively kil Hidh Comprativedy
dur'ng 2018_2025 e el il i ke hizhier i e e b lower
) Highlv  Comparatively Comparatively  Comparatively ) Comparatively
Scenario-3 ; Highly necded y Higlh
peedaed higtier highed higher iuch lower

Therefore, if the local governments in Myanmar could efficiently cooperate with the public, private
sectors, research institutions and non-government organizations, these achievable similar scenarios

could be implemented for reducing the environmental impacts and increasing the waste resource

recovery in the years to come. ) -
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Tha wasle ararchy

WAGTE PREVENTION

RETYCLING

WASTE: TO-ENERG

LAMDFILL

GHG

Emigskons

GHE-
BmisEiona

Energy - GHG
GHG

Energy -

AMIESons GHG

o

]

Treatmeant
DrOCESE

Maiarial

| rocovery

_LH; Landfill : \

Enmigy -
GHG offzeis

GHG

emigsions

Simplified schamatic of waste managemeant system and GHG emisslons {applicable to urban waste

management)
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The waste sector can save or reduce GHG emissions through several activities:

* Avoiding the use of primary materials for manufacturing through waste avoidance and
material recovery (i.e. the GHG emissions associated with the use of primary materials
— mostly energy-related — are avoided)

* Producing energy that substitutes or replaces energy derived from fossil fuels (i.e. The
emissions arising from the use of waste as a source of energy are generally lower than
those produced from fossil fuels).

e Storing carbon in landfills (i.e. carbon-rich materials that are largely recalcitrant in
anaerobic landfill conditions, such as plastics and wood) and through application of
compost to soils.

AR L TSR
P
anocthu

A net-zero

greenhouse gas emissions
strategy for the UK recycling
and waste sector

Prof. Dr. N.Kamil SALIHOGLU December, 2022 UNEP, Waste and Climate Change: Global trends and strategy framework, 2010



Monni et al (2006) projected emissions from the waste sector to 2050, assuming continuation of
current trends in waste management (a business as usual (BAU) scenario). (1 Tg=1 000 000 Ton)

2500 /

2000

Non-OECD

Tg CO; eq from landfills
&
&

OECD
500
- EIT
ﬂ 3 L 1 ] 1 ] L] L] i L ] ] i 1 | 1] i L] I I i 1 1] 1] | ] I 1 i ] L}
1900 2000 2010 2020 2030 2040 2050

Methane emissions from different regions - BAU scenario (source: Monni et al 2006)

OECD: Organisation for Economic Co-operation and Development,
Prof. Dr. N.Kamil SALIHOGLU December, 2022 EIT : Economies in Transition



So what is the solution?

“The Greatest Threat to Our Planet Is the Belief That Someone Else Will Save It”.

Robert Swan OBE
The world's first person to walk to both the North and South Poles.
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Reuse of Materials

Materials
CIRCULAR ECONOMY l
Map, Parts supply

Biosphere

RECYCLING

¢
consO™
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TAKE —» MAKE ——¥% DISPOSE



Waste prevention and management — European Union Joint Research Center

Raw materials

The waste hierarchy

Eco-innovation
PRODUCT (NON-WASTE) PREVENTION

PREPARING FOR RE-USE

RECYCUNG

RECOVER

DISPOSAL

https://ec.europa.eu/environment/greeﬁg%&/tplﬁalélél-(pqmelr!tlon-léLlcﬂ(n?aqggLeijrgﬁgcm(t_)e%rhtrzno2 2



EU Policy, Less waste, more value

The European Green Deal aims to pave the
way for the EU to become carbon neutral
by 2050 and to decouple economic growth
from resource use. The transition to a
circular economy is a key part of this
endeavour.

Circular Economy
Action Plan

The European
Green Deal

Objectives
Measures that will be introduced
under the new action plan aim to

*make sustainable products the norm
in the EU

sempower consumers and public
buyers

focus on the sectors that use most
resources and where the potential for
circularity is high such as: electronics
and ICT, batteries and vehicles,
packaging, plastics, textiles,
construction and buildings, food,
water and nutrients

*ensure less waste

*make circularity work for people,
regions and cities

|lead global efforts on circular
economy
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THE WASTE HIERARCHY

1 MEZRTmErm aurrseny 5o
ﬁl.‘hl'li'.'llt'd 1 of ragnurces

S -0 @ HAeusing materals

recyeling & reprocessng
Recycle [ Eisediok]

ENafy recowery
'4 Py 1o dispiasl

LEMD Cormeayaiea
i

il

refnUrceEs

Lanafill Incineration

Biogas Generation Composting Vermicomposting
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)} Waste-to-Energy in Europe in 2018

B WHtE Plants operating in Europe
(not including hazardous waste incineration
plants) : 492

B Waste thermally treated in WtE plants
(in million tonnes): 96

Data supplied by CEWEP members
and national sources

* Includes plant in Andorra and SAICA
plant

Qéwepmammom'm
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Atik Yakma

Turbo alternator

et

fo !

Electncal Steam to
Output turbines Separation of gases and vapor
to Gnd
Feeding

Separation
of Particles

IUnit

Input -Aa.@z

Stack

————— Bag house
metals filter

Grate B Al O

ISTAC Atik Yakma Tesisi
3000 Ton / Gun Atik
Yakma kapasitesi
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Sectoral Reference Document on

Best Environmental Management Practice (BEMP) for the Waste Management Sector, 2020

1442020 CHTigaal ]mlrna| ol 1he ]'-.IJI'IT“I-]‘H.-'HI"I [ Tnion

L1151

Il

{Non-legislative acts)

DECISIONS

COMMISSION DECISION (EU} 2020(519
of 3 April 2020

on the sectoral reference document on best envirommental management practices, sector

environmental performance indicators and benchmarks of excellence for the waste management

sector under Regulation (EC) No 1221/2009 on the voluntary participation by organisations in a
Community eco-management and audit scheme (EMAS)

{Text with EEA relevance)

THE EUROPEAN COMMISSION,

This Sectoral Reference Document addresses two types of organisations of the waste management sector: waste
management companies (public and private), including companies implementing producer responsibility
schemes, and waste authorities (public administrations in charge of waste management, mainly at local level).

— 38.1 — waste collection;

— 38.2 — waste treatment and disposal; o
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— 38.3 — materials recovery;



Strategy BEMPs

3.2.1. Cost benchmarking

3.2.2. Advanced waste monitoring
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Strategy BEMPs

3.2.5. Awareness-raising

3.2.7. Home and community composting
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BEMPs for waste prevention

3.2.8. Local waste

prevention programmes
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3.2.9. Schemes fostering the re-use of products
and the preparation for re-use of waste
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3.2.14. Low-emission vehicles
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BEMPs for waste treatment

3.2.16. Sorting of co-mingled light packaging
waste to maximise recycling yields for high-
quality output
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BEMPs for extended producer responsibility schemes

3.2.15. Best use of incentives by
producer responsibility organisations




Selection of topics for EU in Green Deal

Local Climate Action Waste Management And Recycling Procedures For Waste

End-of-waste: boosting the
market for secondary raw
materials

End-of-wasle cnteria determine when
wasie-derived materiais have been
sufficiently processed so that they can lose
their waste status and enjoy the same
internal market freedoms as pnmary raw
materigls

Towards a circular and
sustainable use of nutrients

Many waste or residue matenals produced
in Europe contain vatuable nutnents, which
are underutihsed and often generate
environmental pollution. Nutrient recycling
allows 1o soive these problems
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Circular economy of batteries

I'he new Battenes Regulation aims to
ensure that batternies placed on the EU
markel fit into the circular economy and are
sustainable and safe throughout ther entire
life cycle




More value from plastic The many lives of lubricant oils Simpler waste collection for

recycling Whal are the advaniages of recycling waste better recycling

Europe needs to further improve the oils and which processes generate ihe How municipal waste coilection can be
recycling of plastics The mapping of the maximum benefits for environment and improved for better recyching

plastic flows in the economy allows to soclety?

identify the bottlenecks for more circularity
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Revisiting the definition of Construction and demolition Textiles' impact on environment

recycling waste The consumption and sustainability of

The JRC works on mose accurate Improving the management of the 1extiles is in the spotlights of policy makers
methodologies for calcutating recyching construction and demolition wasle is a

paorily because it represents ca. 40% of the

waste generated in EU
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Sanitary landfills are a mature and proven waste management
technique.

Nevertheless, they are still fairly uncommon in low- and some middle-
income countries due to the costs involved in infrastructure and
operation and inadequate regulatory oversight.

In these areas, it is more common to find uncontrolled or open dumps
that lack basic environmental controls, putting public health and
safety at risk.
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Upfront Capital Operations and Maintenance Closure and Post-Closure

Costs vary considerably by « Labor Post-closure costs can continue for
size, region, regulations, design up to 30 years after landfill closure

« Safety equipment
sophistication, etc. ty equip

. Machinery and vehicles (e.q.. - Final closure {e.g., landfill cap)

- Studies and design {e.g., site

E : compactors) « Drainage system
selection, topographic survey,
soclal Impact assessment) - Venting of gases and drainage, « Green cover and landscaping
. Land acquisition aciTRle Weatmant «  Monitoring costs for landfill gas
-  Maonitoring equipment and groundwater contamination

- Preparation of the site
= Periodic changes to the site

» Closure of open dumps (e.g., roads, cell development

. EQQU!EtﬂI"}' approval and closures, excavations)
» Construction and equipment «  Power, fuel
L
Lig-frand Dulays Operatmn Penad Cutlays Hach-end Outloys
i 1
dJoening Losis
S {Fully refiacts all life oycle sutlays)
Q k1] 30 &0
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Source: US Environmentol Profection Agency. 2014
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COMPOSTING

Composting on a municipal scale requires segregating the organic waste
from other waste materials to ensure a high-quality end product.

Composting differs from the natural decaying process because levels of oxygen, moisture,
temperature, nutrients and the chemical environment are monitored and controlled at a facility.
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COMPOSTING
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Decision Moker's Guides for Sofid Woste Manaogement Technologies

Windrow/Static Piles

In-Vessel

Scale of operation

Large/ regional/ municipal

Small/ nelghborhood/ community

Processing capacity (tonnes per
day)

1-1,000

20 - 350

Space/land requirement

High

Small, can increase for windrow drying or
maturing of compost

Time required

Odor

Several weeks

Can be significant if nat well
aerated

Few days to weeks depending on the
specifications of the unit. However, the
compost might need to sit an additional 2-4
weeks prior to use

Air purification system confines odor to the
vessel

Leachate production

Low

Minimal

Sensitivity to weather

If feedstock freezes, the
decompaosition process stalls

Capital cost (US$/tonne)

e L e T L S e s

Functions In all climates

40-60

300-500

Operating cost (US$/tonne)

12

120
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ANAEROBIC DIGESTION

Anaerobic Digestion is a proven technology that
has been used for many years to treat animal
waste and municipal and industrial wastewater.

More recently, it is being used to convert the
organic content of municipal solid waste (MSW)
to useable products.

T

Qarganic
WSEE

Pras-Treatmant

Dégestion

B

hilg-Femillser

Food production
and consamptan

QIRJAnEC waste reception

o

Cmevkinag fuael

W

Wehiche fuel

Starege=and
1 eabimenl

gy g
Al — !
irhiee ol I
Coolng and
heating

ECIriCiny

Schematic of fertilizer and energy generation from arganic MSWin AD

Prof. Dr. N.Kamil SALIHOGLU December, 2022



Anaerobic Digestion

Capital Expenditures Operational
(US$/annual tonne) Expenditures

(1 (US$/tonne)

Europe $345-600
United States $220-660

(1) Annual tonne is the capital cost of the facility divided by the annual
processing capacity

Fixed O&M costs Variable O&M costs
Include labor, « Include non-hiomass fuel,
maintenance, unplanned maintenance
routine equipment and equipment
replacement, etc. replacement

Usually calculated as a Vary based on the output of

percentage of capital the system and are usually
costs expressed as a value per

Range from 21to 7% unit of output (e.g., $/kWh)

of installed cost of AD Approximately $4.2/MWh
systems on average
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INCINERATION WITH ENERGY RECOVERY

Although incineration technology has matured
over the last few decades, it is still relatively
expensive, and thus primarily used in high-income
countries.

Incineration has been implemented successfully in
jurisdictions with land (or landfill) scarcity, high
technical capacity, significant financial resources,
strong environmental regulations and typically a
low or separated organic waste fraction.
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World Bank, Decision Maker’s Guides for Solid Waste Management Technologies, 2018.

Capital Costs

« Land and buildings
acquisitions

= Design and construction of the

« Approvals and
licensing

= Machinery and

Incineration Expenditures
Capital Expenditures () | Operational
(US$/annual tonne) (2) | Expenditures (3)
(US$/tonne) (4
Europe $600-1000 $25-30
United
States $600-830 $44.55
China $190-400 $12-22

{1) In Europe and US, predominantly mass-burn/maving grate technology
is used for waste incinerator with erergy recovery (woste-fo-energyl. in
Ching many incneralors use drculoling fluidized bed (CFB) technology
which reflecis the lower end of investment cost although moving grote
incinerotors are also becoming more common,

f2) Annuaol fonne is the copital cost of the fadlity divided by the annuol
processing capacity of the facility

{3} Operoting casts without occounting for revenues ronge befween
$100-200tonne. The figures presented in the toble are typical operating
cosis (nef gote fees) toking Into account revenues for efectridty and/

ar heat sales and other revenusas. In the EU. also including subsidies to
energy from waste in some countries, these revenwes are typically about
F100/anne, hence the resulting operating costs. In US feed-in tariffs for
electricity are typically lower, below $50/MWh.

{4) Mixed waste in the US and the EU is relotively fow in organics and
water content and hence figh in calorific value. As o conseguence, oper-
oting costs for waste with high orgonics offen seen in lower income coun-
fries could substantially incregse operating cosls due to lower revenues
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facllity and related systems
(steam turbine, APC, eic.)

= Environmental and social
impact assessments

equipment

« Training and
monitoring
equipment

REVENUE OPPORTUNITY

Revenues can be obtained from tipping fees, sale of
electricity, metals recovery, and carbon finance.

Cosis ore somelimes also colculoted based on the per kilo-woll generg-
tion electricity from the facility. Comparative costs of thermal treatment
options are shown below ($kW for o 15 MW output)

$7.000-10,000

Incineration with energy recovery

Gasification (conventional) £7.500-11,000

Gasification (plasma arc) $8.000-11,500

Pyrolysis $8,000-11,500




Both ATT technologies burn waste
in a zero- or low-oxygen
environment and provide several
waste management benefits:

(1) quick and large reduction in
mass and volume of waste,
thus prolonging landfill life;

(2) destruction of toxic
substances; and

(3) Energy production.
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PYROLYSIS AND GASIFICATION

Pyrolysis and gasification, two technologies
referred to as Advanced Thermal Treatment
(ATT) technologies, convert waste primarily
into a synthetic gas or fuel.

Capital costs for ATT technologies range between $15-80 million
for facilities that receive 25-100 kilo-tonnes per annum of MSW.

Pyralysis | Gasification Ineineration with anargy
recovery
Alr Supply Tatal absonce of cxvigen Low oxygan Significant mogon
Temperaiure Range | 300-800 > 750 =850
e
External heat source | Required | Raguirad Mol required

Pra-treatmeant of

Raquired {rameval of glass.

Raquirad remaval of glass,

Mol required unless Waste

Faodsiock metals, Inerts) metals,; Iners) has organtc fracthon 1o e
diizd

Products Syindas, char, tar =Wngas, char, ash Sladr, gas, ash

Clutputs Syngas convearled to ligusd | Syngas converlad to figuid Hesat, elechricily

fuc tor praduce eloctricity,

heat or uss Ina gas englne
or &= o chemical lRadslock

fucl to produce alociricity;
heal oF use In & gas englve

| orasd chemical feedslock

Scale of application

RaEngs from smallscals
{20,000 tonnosivoar 1o largs
soale (S00,000 lonne s year)

Rargs from sminll scale
130,000 tonnosiyoarkto largo
srake (00000 tonnes year

Generally large scale
(72,0001 tonnostynann

Efficiency of enargy
convarsion o a
steam boiler

10 30%

| 10-E0%

18-34%
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