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Introduction

The purpose of this document is to identify and Bgpropriate Environmentally Sound
Technologies (ESTs) for all operational stageshef ISWMP of the City of Maseru, including
source segregation, collection, transportatiortjreprireatment and disposal of different generated
waste streams. This deliverable falls witAictivity 4-A: Identification and Selection of ESTs,

as stated in the Memorandum of Understanding cdedubetween the United Nations
Environment Programme (UNEP) and the UniversityCafpe Town (UCT) Environmental &
Process Systems Engineering Research Group.

Furthermore, a basic techno-economic analysiseoidintified appropriate technologies has been
carried out, whilst drawing basic specificationggtiipment and technologies in order to facilitate
procurement. Price ranges for technologies hava been where appropriate. A useful manual
for prices and availabilities of equipment via Smrh African producers and retailers is given in
the Buyers Guide & Directory of the Institute of B#& Management of Southern Africa. A digital
copy of this manual is available under the follogvimk:

http://www.iwmsa.co.zal/index.php?catlD=11&pagelD&pageTitle=/Buyer's-Guide/

The report on ESTs has been developed based asirticéure of actions as given by the ISWMP;
the purpose here is to create an interface fosyinehronisation of proposed technology related
activities with all strategic planning steps giventhe ISWMP. In the summary tableau given by
Table 1, it is highlighted for which actions of tt®VMP ESTs have been identified.

Table 1: Summary Table — Identification of ESTs forlISWMP Actions

Action Description ESTs
1.1 Integration of Waste Prevention Measures
1.2 Introduction of Cleaner Production Measures
1.3 Implementation of a Source Separation System Y
1.4 At Source Value-Addition \%
2.1 Establishment of Ward-Specific and Material<$fie Collection Systems \%
2.2 Systematic Infrastructure and Route Planning \%
2.3 Optimisation of Collection Services OfferedMZC and Private Recyclers and the PPPUE
3.1 Creation of a Supportive Platform for Privaecixling Enterprises
3.2 Foster the Development of a Local Recyclingriecoy \%
3.3 Recognition and Support of Local Recycling Mzisk
3.4 Coordination of Local Recycling Activities
3.5 Develop Capacity to Work with Take-Back Levies
4.1 Adjustment and Integration of Planning Actiestifor Sanitary Landfill Site \%
4.2 Amendment of EIA
4.3 Capacity to Thermally Use Non-Recyclable Paper \%
5.1 Use of School Infrastructure as Awareness @mreadedium
5.2 Establishment of Waste Minimisation Clubs
5.3 Establishment of a Waste Information SystemS)WVI \%
5.4 Awareness Creation through Common Media
5.5 Review of this ISWMP on a Regular Basis
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Environmentally Sound Technologies for Action 1.3 -
Implementation of a Source Separation System

Short Introduction

Source separation essentially involves separatagjeninto classes of recyclables, biodegradables
(or organics) and residual waste at the point ofegation (e.g. at household level) to facilitate
re-use, composting and recycling activities.

UNEP identifies separation of the organic fractama priority for developing countries as this
typically is the largest category of MSW and thapresents the greatest reduction potential in
wastes for disposal.

The second priority is to both support waste misation (see Actions 1.1 and 1.2) and maximise
the recovery of recyclables, the latter preferablthout separate collection by the municipal
authority (UNEP-IETC, 1996).

The selection of an appropriate source separayister is of crucial importance, as it will affect
any further downstream activity, and must therefmentegrated and adjusted with the design of
the waste collection system (Action 2.1), as welirdrastructure and route planning (Action 2.2).

Source separation requires proper bins or bagsaidt waste fraction. The type and size of bag/bin
for each type fraction and each waste generatgrijeuseholds, commerce and industry) needs to
be determined based on the volumes of waste gedefiaformation to be obtained from Action
5.3).

UNEP defines the following principles for the selec of set-out containers
(#http://www.unep.or.jp/letc/ESTdir/Pub/MSW/SP/SP3SP.asp:

* Choose containers made of local, recycled, or leagailable materials.

» Choose containers which are easy to identify, eithee to shape, colour, or special
markings.

» Choose containers which are sturdy and/or easgp@airor replace.
» Consider identification of containers with generatioy address or name or code number.
» Choose containers that are matched to the colfeotijectives.

» Choose containers that are appropriate to thenerra

Summary of Technology Requirements

Area Collection or Type Size Approx. Price per
managment system Unit [M]
Residential areas Recyclables taken cloth bag 15
schools
Kerbside collection clear/milky bag for 0.20-0.6
recyclables
black bag for 0.20 - 0.

60
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Schools

Commercial areas

Industrial areas

residual waste

bins (where
appropriate)

Bring/fetch system clear/milky bag for

recyclables

black bag for
residual waste

shopping bags

Recyclables igloos
collected at schools

Kerbside collectiakips (where
of recyclables appropriate)

bins (where
appropriate)

clear/milky bags

Kerbside collectionskips
of residual/organic
waste

bins

black bags

Kerbside collectiagkips
of recyclables

bins

clear/milky bags

Kerbside collectionskips
of residual waste

bins

black bags

Special collection chazardous waste
hazardous waste containers

plastic 30-60 L

steel or plastic 50 -
70L

various
2m3 - 5m3

steel or plastic 50 -
70 L

2m3 - 5m3

steel or plastic 50 -
70 L

2m3 - 30m3

steel or plastic 50 -
70 L

2m3 - 30m3

steel or plastic 50 -
70 L

Material specific

500.-
500.- - 2,000.¢
0.20 - 0.60
0.20 - 0.60
no cost
2,500.- -5,000.-
6,000.- - 8,000.-
300.-
0.20 - 0.60
6,000.- - 8,000.-
500.- - 2,000,-
0.20 - 0.60
6,000.- - 45,000.-
500.- - 2,000,-
0.20 - 0.60
6,000.- - 45,000.-
500.- - 2,000,-
0.20-0.60
Material specific

Technology Descriptions
The variables that impact the volume required terstorage of domestic wastes are:
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* individual rate of waste generation
* number of individuals living in the premises, and
« frequency of collection.

Based on an average of six persons per familyptbbable range required for storage in many
economically developing countries is as given bigl@d& (Flintoff, 1984).

Table 2: Collection Frequencies

Collection Minimum Volume Maximum Volume
Frequency (L) (L)
Daily 4 10
Twice/wk
(maximum 4 days) 20 50

From the baseline study undertaken for Maseruatieeage volumes of waste as given in Table 3
require storage based on a given collection frequen

Table 3: Maseru Waste Collection Frequencies

Income level Average househol Collection Average Volume o Average Volume
size Frequency all waste (L) less recyclables (L
Low 4.3 Daily 4.6 2.8
Twice/wk
(maximum 4 days) 18 11
Once/wk 32 20
Middle 4.5 Daily 11 7.2
Twice/wk
(maximum 4 days) 45 29
Once/wk 79 50
High 3.8 Daily 4.8 3.1
Twice/wk
(maximum 4 days) 19 13
Once/wk 34 22
Bags

From the proposed ISWMP, four types of bags aratified for the separation and storage of
recyclables and residual wastes. These are:

» Cloth bags for the transport of recyclables to sthy school children

« Clear/milky bags for recyclables that are eitheiected at the kerb or taken to central
collection points

» Black bags for residual waste
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e Shopping bags for residual waste

Cloth bags have been selected as they are reumabkafe for children. The manufacture of these
bags may also form part of a community based ptojec

Clear/milky bags for recyclables are selected sy ttan be distinguished from the black bags or
shopping bags used to store residual waste. The/iligky bag also allows the collector/recycler
to ensure that the bags contain clean, dry reclgdainly.

Disposable black bags or plastic bags suppliedip¢rsnarkets can be used for the storage and
disposal of residual waste. There can be a costi@nt with black bags if the purchase of the bags
are the responsibility of the household.

Bins (e.g. Wheely-bins, static bins)

In high income accessible areas the provision p$ bor each household may be appropriate.
According to UNEP (2006) the following types of biare available and appropriate in most
developing countries for residential areas:

» Plastic buckets (with lids), with capacities betw&eand 10 L, provide sufficient volume
for the storage of domestic wastes generated byndyf of six for daily collection.

* Plastic bins (with lids), with capacities betwe€na®d 60 L and equipped with handles, are
suitable for a twice-per-week collection.

* Galvanised steel or plastic bins (with lids), wahcapacity between 50 and 70 L, are
necessary when collection is twice per week fromghfihcome groups, or for daily
collection from stores and commercial establishsdBiins of this size are more expensive
than the smaller sizes because they are requiteav®a relatively long lifespan. Steel bins
should be galvanised after manufacture and plastis should be made of high-density
polyethylene (HDPE), or plastics of similar chaeastics.

In other more densely populated poor areas, theubbf standard bins may not be appropriate for
the following reasons (UNEP, 2006):

» the challenges presented by organisation, distdbumaintenance, and replacement of the
bins if they are supplied by the municipality;

» diversion of bins from their intended use (e.gedufor the storage of food or water); and
* loss of containers by theft and when residents nfimre one location to another.

In these areas larger bins (e.g. the 200L metahdruthe conventional steel (or plastic) bin with
fitted lid of between 70 and 120 L) could possiblg utilised at collection points, although
enclosures may be adequate.

The advantages of the 200 L drum are that it isphesadily available (being a waste product) and
relatively portable. However, it typically does rwve a lid, is heavy when full and is prone to
rusting. Galvanised steel bins or plastic bins Wdk are attractive in that they are hygienic and
can improve collection efficiency. These bins asevaver very expensive and their roll out would

require community cooperation.
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Hybrid Bins (e.g. Multi-compartment bins)

Multi-compartment bins could be used to promote/ekag in public areas (e.g. Maseru CBD).
Here bins with one compartment for recyclables ané for residual waste are provided.
Multi-compartment bins could also be provided atlemion points, or the collection point
separated into two areas one for residual wasts @ad one for recyclables.

Igloos and recycling containers

Igloos have been proposed as storage containersdyclables at schools under the pilot activity
of the ISWMP. Igloos have the advantage that theyasily identifiable. They are also secure and
can be fitted with a lock if necessary to prevétfit or vandalism. Igloos would be required for

each different type of recyclable material to blbexted (e.g. paper, glass, plastics etc.)

Skips
For larger commercial businesses, mini skips omjornins of various sizes (from 2m3 to 5m3)
should be provided for different waste types.

For industrial sites, mini bins/skips or large sk{panging from 2m3 to 30m3 or larger) should be
provided.

Hazardous waste containers (e.g. medical waste rece  ptacles)

Special containers need to be provided for hazard@ste and will largely depend on the nature of
the hazardous material.

References
Flintoff, F., 1984. Management of Solid Wastes evBloping Countries, WHO Regional
Publications, South-East Asia Series No. 1, Seé&adition, World Health Organization.

UNEP (2006) Solid Waste Management. Available from:
http://www.unep.or.jp/letc/Publications/spc/Solidage _Management/index.asp
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Environmentally Sound Technologies for Action 1.4 - At
Source Value-Addition

Short Introduction

This action covers all activities that fall undéet‘reuse” category of the waste minimisation
hierarchy, where waste materials are reused orerte®y at source into other useful items. By
managing these waste materials at source it ngtd@dreases the need for new products but also
lightens the load on down-stream collection angcakeg/disposal activities.

Reuse is essentially any activity that lengthemslifie of an item and is distinct from recycling
where items are reprocessed into secondary rawrialatéo make new products. Many waste
materials can be reused, e.g. plastic shopping, bames and cans. But perhaps the largest
potential for at source value-addition in the Masswntext comes from using the organic fraction
of household waste as animal feed or for compdss i because overall household waste is made
up of a high percentage of kitchen scraps and atfgamic wastes that can be easily reused in this
way.

Reuse can also be accomplished by:

» Take back levies (discussed in Action 3.5) wherstamuers are offered a financial
incentive to return packaging for reuse/recycling

e Purchasing durable goods

* Buying and selling in the used marketplace
* Borrowing or renting

* Donating used goods to charity

» Further benefits of reuse include:

* Energy and raw materials savings as reuse redneesitmber of new products that need to
be manufactured

* Reduced collection and disposal needs and costs
« Create new markets for materials

» Creatively refashioning used materials, maintenanggair and refurbishment can also
generate income and create employment opportunities

» Create opportunities for vocational training

» Cost savings for consumers as reusable producezonditioned products are often more
affordable than new products
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Summary of Technology Requirements

Sector Type Approx. Price per Unit M
Composting Domestic < 800+
Commercial Site specific
Composting accessories Compost mate - for turmidg a 150+

aerating a relatively small-scale
compost heap

Tractor with mechanised turner 200,000-
for large scale “windrow”
composting
Biogas Digesters school/commercial (brick and100,000.- (for two 20,000tre
mortar) digesters
Commercial/industrial set up and running costs Vv
opportunities but activity should save co
Craft applications set up and running costsy

but activity should b
selfsustainin

Background - composting
Food waste and garden waste can be converted nesparce such as compost. Here composting
Is defined as:

» the biological decomposition of biodegradable salakte under controlled predominantly
aerobic conditions to a state that is sufficiensiable for nuisance-free storage and
handling and is satisfactorily matured for safe usagriculture.

In Maseru, it is thought that most kitchen wasteised as animal feed. However there may be
opportunities to encourage small-scale compostingthe level of the household or even
community-based composting. Currently, compostasipced from the garden waste arising from
the parks and gardens serviced by the MCC.

Compost technology can be separated into threestag

* Pre-processing, where the organic wastes are e pamprocessed to ensure that they are
in a suitable form for composting

» Composting
* Preparation of compost for storage and sale, wiiai include upgrading.

The role of equipment or technology is to assisnsuring optimum environmental conditions,
particularly oxygen availability, for the microb&ssuccessfully convert the waste into compost.

There are many benefits to composting, particularlg developing country context. These are
summarised by Hoornweg et al. (2000):
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Increases overall waste diversion from final digposspecially since as much as 80% of
the waste stream in low- and middle- income coastis compostable

Enhances recycling and incineration operationsehyaving organic matter from the waste
stream

Produces a valuable soil amendment-integral t@aswegtle agriculture

Promotes environmentally sound practices, suchasaduction of methane generation at
landfills

Enhances the effectiveness of fertilizer applicatio
Can reduce waste transportation requirements

Flexible for implementation at different levelspiin household efforts to large-scale
centralized facilities

Can be started with very little capital and opergosts
The climate of many developing countries is optimemcomposting

Addresses significant health effects resulting fanganic waste, such as reducing Dengue
Fever

Provides an excellent opportunity to improve a’sitwerall waste collection program
Accommodates seasonal waste fluctuations, suctaaes and crop residue

Can integrate existing informal sectors involvedhe collection, separation and recycling
of wastes

However, there are also a number of constraintemgposting that must also be taken into account
when selecting technologies (Hoornweg et al., 2000)

Inadequate attention to the biological processirements
Over-emphasis placed on mechanized processes th#imelabor intensive operations
Lack of vision and marketing plans for the finahqmost product

Poor feed stock which yields poor quality finishemimpost, for example heavy metal
contamination

Poor accounting practices which neglect that thenemics of composting rely on
externalities, such as reduced soil erosion, weatgitamination, climate change, and
avoided disposal costs

Difficulties in securing finances since the revegeaerated from the sale of compost will
rarely cover processing, transportation and apjpdicaosts

"Subsidies” may be required to maintain prograrhgse reflect the benefits that accrue
beyond local governments, and avoided disposas @stnot adequately addressed

Sensible preoccupation by municipal authoritieBrgh concentrate on providing adequate
waste collection

Inadequate pathogen and weed seed suppression
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* Nuisance potential, such as odours and rats
* Poor marketing experiences
* Poor integration with the agricultural community

* Perverse incentives such as fertilizer subsidieowar-emphasis on capital intensive
projects

* Land requirements are often minimal, but can bersiaint

Technology description - composting

Domestic composting technologies (e.g. compost bin, “tyre” compost bin,
can-0-worms)

Backyard composting (or in-vessel composting) iagslthe use of bins of size varying with the
amount of waste produced by a household and alsorte extent with the size of the family.
Residents of the house can dump in their wastdseirompost bins and turn the pile over a few
times once in 2-3 days and within a few weeks tineecompost should be ready. Since, there are
gardens in almost each house in Maseru, followimg practise would make sense because the
residents of that house can use that compost fdicagion in their household gardens and enhance
the soil quality. Also this would result in wastegsegation at source and almost 100 percent
recycling of the kitchen and garden waste.

Desirable attributes in the home composter:

e It should have two drums of appropriate size, s thhen one drum is filled and the
compost is getting prepared, the household cathasether drum to dump the waste.

* It should sit higher than the ground-level to avafittacting pests and rodents.

e ltis better if it has a mechanism to mix and aethé mixture which can be operated from
the outside so that the people operating the dram't dave to open the drum and mix it as
that would expose them to unpleasant smells aémoitaste.

* Door(s) for easy entry of waste and exit of compost
* The composter should preferably be made from redyaliaterials.
* It should have a proper exit for excess water.

Larger scale composting technologies (e.g. heaps)
Compost systems for larger scale operations caalseed as “windrow” or “in-vessel”.

Windrow composting involves dumping the biodegrdealbaste on an area in the form of
windrows. Windrow systems can be mechanised tmsiderable extent and may even be partially
enclosed. Windrow system may be static, where iaerét accomplished without disturbing the
windrow, or turned, where aeration is achieved dgring down and rebuilding the windrow.
Windrow composting involves the following principgteps (UNEP-IETC, 2006):

* incorporation of a bulking agent into the wastanfagent is required (e.g., biosolids),
» construction of the windrow and aeration arrangemen
10
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e composting,

» screening of the composted mixture to remove rdashblking agent and/or to meet
specifications,

e curing, and
e storage.

Due to the availability of unskilled labourers irabtru, manual turning may be a more appropriate
approach than mechanised turning, which requirpermesive machinery. If manual turning is to be
employed, the operations are limited to a smatiatesthan that achievable with mechanisation.

Mechanical turning can be achieved by machinesfspedty designed to turn windrowed compost
material or standard earth moving equipment.

The economics of in-vessel systems in a developountry is less favourable than those for
windrow composting because of the high labour, rfesturing and operational costs of the
specialised reactors required for this purpose.

Background - Biogas Digesters

Biogas is a low cost form of energy derived fromawable resources: animal dung, human waste
and organic materials, including kitchen and gamdaste. A biogas digester — in which the biogas
is produced — also provides an on-site water-bearetation system, as well as an integrated
organic kitchen and garden waste recycling oppastun

Biogas digesters are airtight containers in whiditter, organic wastes, animal wastes and/or
faeces are acted upon by anaerobic bacteria age thacteria that thrive in the absence of oxygen
(Agama, 2007). Biogas is formed by bacterial actinrthe organic matter to produce a mixture of
methane and carbon dioxide. One m3 of this biogkhgmevide a cooking time of approximately 2
hours or 1.5 kWh electrical output. The secondulgabduct is digested slurry.

The advantages of biogas technology are as fol({@&gama, 2007):

* Biogas can make an important contribution to thetgmtion and improvement of natural
resources and environment

» Slurry, a residue from the process, is a high-gfediizer that can replace expensive
mineral fertilizers.

* The technology is ideal for effective and produethaanagement of livestock wastes.

* The technology provides an efficient wet sanitaygtem that enhances effective waste
product disposal.

» It provides an integrated system for waste treatjmesrergy and fertiliser production.

* The use of biogas enables rural women to savefomaroductive agriculture, leisure and
family care and welfare.

» Use of biogas technology improves the standardvofg and can directly contribute to
economic and social development of a country.

* Biogas systems result in halving of waste solidemtion volumes and frequency and
landfill disposal costs.

11
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* A biogas digester can be locally produced or baii locally operated.

« The technology has the potential to permanentlyleynmany thousands of people should
its potential be reached in the country.

Technology description - Biogas Digesters

Biogas digesters differ mainly in the types of mials used. The main types are fibreglass, plastic
or brick and mortar. The fibreglass and plastietypre specifically for use by small households
while the brick and mortar unit is more approprifie larger systems, such as at schools and
clinics.

If properly designed, installed and utilized the pack period of a biodigester is less than 4 years
on average, whereas the main structure can eastyfdr more than 20 years. Maintenance of
biogas digesters is low in cost.

Background - Commercial/industrial re-use and recycling
opportunities

There are many re-use and recycling opportunitreshe commercial and industrial sector.
However, some analysis of individual waste stresmequired to determine alternate uses and to
begin to identify specific opportunities.

Waste tyres are an example of a commercial/inddsteruse and recycling opportunity that is
applicable to Maseru.

Waste tyres may be used for erosion control, wherap tires are banded together and partially or
completely buried on unstable slopes. Tyres usdhlisnway with other stabilization materials to
reinforce unstable slopes provides both an ecorainaad effective solution. Furthermore,
construction costs may be reduced by 50 to 75%heflowest cost alternative such as rock,
wire-mesh/stone matting, or concrete protection.

Tyres can also be recycled into items such as rulbiags, pipe lining, floor tiles, road surface
additives, dustbins etc. In addition, crumb rubtem be mixed with concrete for the purpose of
construction of sidewalks. Benefits of adding crumbber in concrete include reductions in
thermal expansion, along with reductions in dryshginkage and brittleness.

Plastic wastes are another stream that represempizssible commercial/industrial recycling
opportunity. Soft-drink bottles can be transfornieid polyester carpets and dry-cleaning bags,
whereas bottle lids can become irrigation pipes$t dastic can be recycled into products such as
black bags and other mixed plastic waste can bé tssenake road signs, fencing and outdoor
furniture.

Background - Craft applications

Besides the large scale commercial opportunitiesgoycling, there are many opportunities for
small businesses or individuals to make saleal@d# items from recyclables or refurbish used
items.

Set up costs will vary depending on the activityt tan certainly be self-sustaining.

12
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Environmentally Sound Technologies for Action 2.1 -
Establishment of Ward-Specific and Material Specifi ¢
Collection Systems

Short Introduction

As the wards within the city of Maseru are veryatiént with regards to income structures, road
access and waste management infrastructure in, plas@ot possible to design a one-size-fits-all
waste collection service. It is therefore proposleat waste collection systems be designed
according to the specific requirements of each wartth the collection systems aiming to achieve
the following overall aims:

* maximise the amount of waste being diverted froformal disposal activities,
* minimise the contamination of the three separatellgcted fractions (see Action 1.3), and
* maximise the integration of existing infrastructeand resources.

In order to do so, the MCC must ensure that thersufficient planning capacity in place for
designing and allocating appropriate options téed#nt wards. Such systems may include one or
more of the following elements:

» Decentralised waste collection depots (bucket shops
* Integration of informal collectors/waste pickers
« ‘Bring’ systems with commodity exchange (e.g. fayduel tokens)

* Waste collection services by truck

Summary of Technology Requirements

Sector Type Approx. Price per Unit [M]

Small Collection Vehicles Wheel barrow 700-
Other <5,000+

Large Collection Vehicles Light Commercial Trucks 007000+
Pickup trucks (Bakkie) 80,000.- - 250,000.-
Compactor Trucks 800,000.
Container Trucks 900,000.
Tractor+Trailer System 300,000-
(Container)

Collection point Skip (Container) 15,000.
Bin 300-
Fencing incl. Gates and Locks 10,600.

14
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Background

In the case of Maseru, it became apparent thaa@agmphasis needs to be put on the selection of
appropriate collection vehicles depending on tiea aerviced. As some areas do have very limited
accessibility in terms of road infrastructure, eotion by a large compactor truck is not a viable
option, and other alternatives such as small mysoleered vehicles need to be considered.
Furthermore, communities strive to standardiser tb@iection vehicles assuming that similarity
will result in cost-efficient operation and mainéece. This standardisation has resulted in the
exclusion of large areas of cities from collects®rvice. Vehicle design standards based on the
requirements of the middle- and high-income araealy are suited to the needs and conditions of
low-income areas.

The following points give principles for the select of appropriate transportation vehicles:
(=http://www.unep.or.jp/letc/ESTdir/Pub/MSW/SP/SP33SP.as:

» Select vehicles which use the minimum amount ofrggnend technical complexity
necessary to collect the targeted materials effityie

* Choose locally made equipment, traditional vehawsign, and local expertise whenever
possible

» Select equipment that can be locally serviced apdired, and for which parts are available
locally

e Choose muscle- and animal-powered or light meclamahicles in crowded or hilly areas
or informal settlements in developing countries.

* Choose non-compactor trucks, wagons, dump trucksyams where population is
dispersed, or waste is already dense. These tanekghter, more fuel-efficient, and easier
to maintain.

» Consider the advantages of hybrid systems whem@ppate: satellite muscle-, electric-,or
propane-powered small vehicles feeding a largew-shmving or stationary compactor
truck or container.

» Consider compactor trucks in industrialized urberaa where roads are paved, collection
routes serve many generators, and waste is noé derso wet.

Technology Descriptions

Small-scale collection and muscle-powered vehicles

In Maseru, a number of small-scale and muscle-pedveehicles are already in service. Private
recyclers buy valuables from waste pickers whosjpart their materials in trolleys and carts.
Furthermore, the Seapoint-Thibella community emglasorkers to transport waste bags from
households to collection points in wheel barrowss Isuggested that existing local small-scale
transport vehicles should systematically be comsuién the design of Maseru’s waste collection
system.

15
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Figure 1: Small-scale waste collection by cart - Gha

Other types of small-scale collection vehiclesratscle-powered carts, relatively small rickshaws
pulled, pushed, or pedalled by people, bicycles;tat or propane-powered vehicles, or animals.
Such systems are inexpensive and easy to buildnamtain, compared with other vehicles.

Figure 2: Small-scale waste collection by tricycle South America

As demonstrated for the case of Seapoint-Thibsitell-scale primary collection may be coupled
with transfer to central collection points Theséemion points are small fenced-off areas fitted
with gates and locks for security purposes, desigioe the storage of wastes materials until
picked-up from larger collection vehicles. The dirransfer from small-scale primary collection
into larger vehicles at the edge of the neighboodhs another alternative.

16
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Figure 3: Waste Collection Point in Maseru/Lesotho

Pickup Trucks (Bakkies)

A pickup truck (or Bakkie - Southern Africa) isight motor vehicle with an open- or closed-top
rear cargo area. Features of a pickup truck arallysu

e aseparate cabin
* rear load area or compartment

Instead of a well-type bed (short rigid sides) wathopening rear gate, some pickups have a flat
tray back (i.e. flatbed). Others may have a spgciaddy mounted behind the cabin. Typical
payloads vary between 500kg up to 2,500#http://en.wikipedia.org/wiki/Pickup _truck)

Figure 4: Example of Pickup Truck (Bakkie)

For the area Seapoint-Thibella in Maseru, a comtyubased system is being developed,
organising owners of pickup trucks in a time-schedior waste transportation from central
collection points to the landfill site. Such a gysthas the advantage of using already existing and
privately owned vehicles for the transportatiomalstes, resulting in significantly reduced capital
investment.

Light commercial trucks

Although they are primarily designed for the trams$f construction materials, light commercial

trucks are widely used for the collection of wastesn communal sites. The body of the truck is
usually made of steel, with a flat platform equigpath hinged sides and tail-boards about 40 to
60 cm high. The volume of the truck is usually alf®to 6 m3 and is suitable to carry high-density
materials such as bricks and aggregates.

One of the major disadvantages of the vehicleas iths rarely able to carry its rated payload of
solid wastes. Even high-density wastes piled onugcle would be unlikely to exceed 4t.
Common practice is to modify the design in ordeinttrease volumetric capacity and ease of
loading. Common modifications include:

* Extend height of sideboards
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Reduction of height of chassis by using wheelswdilker diameter

Use of full forward control (cab-over engine) t@riease space on the chassis for the body
Extension of rear overhang

Use of a long wheelbase

By include such design changes, loading capacitypesextended to up to 8nThe advantages of
this type of truck are its relatively low capitalsts, it is sturdy and easily obtainable, it hasdyo
ground clearance, and it performs well on rouglisoa

Compactor Vehicles

Compactor vehicles are mainly used in industridliseuntries, their main advantage being the
increased loading capacity through the compactibrcadlected waste. Typical designs of
compactor vehicles include:

Front loaders, generally used to service commeaeridlindustrial businesses using large
waste containers.

Rear loaders, commonly used to service residesuts.
Side loaders, designed to pickup smaller contaitiens front- and rear loaders.

Pneumatic collection vehicles, fitted with a craamed tube incl. mouthpiece, used to
suck-up waste from underground waste containers.

Grapple trucks, designed for collection of bulkystea

Compactor vehicles are not commonly used for wesliection in developing countries for the
following reasons:

In most developing countries, the initial densiftywastes for collection are similar to that
of compacted wastes from industrialised countries.

The compaction mechanism imposes a need for additimaintenance facilities, and
substantially increases fuel consumption.

The capital cost of a compactor vehicle is sigaifity greater than that of a conventional
truck.

18
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Figure 5: Compactor Truck — Rear Loader

The most common design for compactor vehiclesasehar loader, which would most likely be the
design found in a developing country. They areglesil with an opening at the rear, allowing a
waste collector to throw waste bags or empty waste. They are often fitted with a lifting
mechanism to automatically empty large carts caliéers without the operator having to lift the
waste by hand. Another popular system for thelceater is a rear load container specially built to
fit a groove in the truck. The rear loader usuatiyjnpacts the waste with a sweep-and-slide system.
Typical specifications of rear loaders are as fetio

* Volumes between 14 - 30 m3
e Chassis design from 2 to 4 axis

« Degree of compaction is variable and is adjustedraing to max. payload and density of
waste

Container Vehicles

A number of waste collection vehicles exist for ttendling of different waste containers larger
than general household bins. In the context of Magdbese include the handling of waste skips
and recycling igloos.

Appropriate vehicle designs for the handling of iwaskips include container-hoists, with typical
volumes ranging from 2-15mContainer-hoists generally use a standard comatefassis in the

range of 5 to 10t equipped with two hydraulicallyecated arms for “lifting” the skips on and off
the vehicle. The containers can be tipped to digghsheir contents while in position on the

19



ESTs for the Implementation of ISWMP Maseru/Lescthdersion 1.0

vehicle. The container-hoist is a viable alterrativ tractor-trailer units i.a. because it hasveelo
operational expenditure and is faster. On the dtlaed, the capital cost of a container vehicle is

about twice that of an agricultural tractor, and frayload of container-hoists are considerably
smaller.
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Figure 6: Container Vehicle with Hydraulic Arms for Lifting

Larger trucks are used to handle containers withraes up to 6-40fh They are fitted with a
cable- or chain-lift for “rolling” the container and off the vehicle. The truck design can inclade

crane arm for the lifting and emptying of e.g. mioontainers used for the collection of
recyclables.
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Figure 7: Container Vehicle for Larger Volumes (Rol-System)

Figure 8: Emptying of Igloo-Containers with On-Board Crane
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The POWER)% System
can pick up, transport, tip
and deposit a variety of
purpose built containers.

The following operations are carried out by using your
tractor’s existing hydraulic system.

Die POWER)% Stelsel

kan ‘n verskeidenheid
doelvervaardigde houers optel,
vervoer, kantel en neersit.

Die volgende werkings word uitgevoer deur van u trekker se
bestaande hidrouliese stelsel gebruik te maak.

The tractor with Power X chassis in collapsed position
ready to reverse under container.

Die Trekker met Power X onderstel ingevou, gereed

om onder houer in te beweeg.

The Power X chassis in position to engage container.

Die Power X onderstel in posisie on houer in te koppel.

The Power X chassis with container in transport
position — transport and container locks secured.

Power X onderstel met houer in vervoer
posisie — vervoer — en houerslotte gesluit.

Power X chassis with container tipped 57° .Overall
heiaht in fullv tipped position: 3.24m.

Figure 9: Example of Tractor Trailer System

Power X onderstel met houer 57° gekantel. Totale
hoogte in volle kantel posisie: 3,24m.
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Environmentally Sound Technologies for Action 2.2 -
Systematic Infrastructure and Route Planning

Short Introduction

The Department Health and Environment within MCgE,close collaboration with the MCC
Department of Urban Planning (and with LSPP), sth@ldborate a waste collection infrastructure
plan. Currently, certain wards are not servicedhgyMCC as no appropriate access infrastructure
exists. Furthermore, the location of waste coltectientres as well as the regularity and timing of
waste collection services by the MCC should systealéy be addressed by both departments.
Key staff needs to go on training and/or a constisadould be appointed to carry out this action.

Summary of Technology Requirements

Sector Type Approx. Prize per Unit [M]
Software Route Planning Software >100,000.
Hardware PC+Printer 7,000.- - 10,000.
CB (Base station) 6,000+
CB (Truck Unit) 3,000:-
Cell Phone 500.- - 5,000.-
Transfer Station Transfer trailer (walking floor) 5@000+
truck tractor 500,000-
tractor/loader 300,000-
Background

Under Action 2.2, basically three elements neetbdaconsidered in terms of environmentally
sound technologies:

* General road infrastructure planning
* Waste management infrastructure planning
* Waste collection route planning

As the planning of general road infrastructure saiter of civil engineering that lies at the cofe
the MCC Department of Urban Planning, informed b MWaste Management, this issue will
not be dealt with in detail as it lies beyond tkhepe of this document. In this context, it should
however be mentioned that a number of waste predaailable in Maseru can be used in the
construction of road infrastructure such as buitdenbble and shredded car tyres. A concise
document on the use of waste materials in roadtaai®n can be obtained from OECD: “Road
Transport and Intermodal Linkages Research ProgeniRecycling Strategies for Road Works”
- #http://www.oecdbookshop.org/oecd/display.asp?s#ntifiers&st1=771997011P1.

With regards to the planning of waste managemdrddtructure, a number of methods and tools
exist that can be helpful in successfully desigramgefficient waste management system. The
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method that will be discussed in this context is tBraphical Determination of Centres of
Generated Waste Mass, which is useful in the lonadif infrastructure such as transfer stations
and landfill sites. Furthermore, the optimal layoti transfer station will be discussed.

With regards to route planning, a variety of apphass exist, ranging from the manual elaboration
of optimal routes based on hardcopy maps, to thee reophisticated route planning assisted by
software applications. In this context, a numberooite planning applications will be introduced.
Furthermore, it has been raised by MCC that itusemtly difficult to keep track of waste
collection vehicles during daily operations. Itherefore suggested that waste collection vehicles
are equipped with appropriate communication deveash as CBs (two-way radios) or cell
phones, so that drivers can be contacted and bhchimwever, these technologies will not be
discussed in detail here.

Technology Descriptions

Graphical Determination of Centres of Generated Was te Mass

The purpose of this method is to graphically deteenthe location of the centre of generated waste
mass in order to solve problems of the followingety (IFA, 2006):

« Location of infrastructural elements such as transfations and landfill sites for the logistical
optimisation of the waste management system

« Optimised allocation of collection areas (wardsgxasting waste management infrastructure

The underlying reason here is to minimise transpagenditure as well as related costs and
environmental impacts, and consists of a prelinyirsrategic step before engaging with actual
operational route planning.

As a starting point, the following aspects showddcbnsidered:

* In each ward in Maseru, wastes are being colleatetrding to a specific system, e.g.
kerbside collection or bring system. Independeintyn the final destination of the wastes,
transport distances covered for waste collectiencansidered a constant value within the
waste collection system.

* The ward-specific centre of mass or populationasstdered the starting point for the
transportation to the landfill site.

» Expenditures for transportation in various devetbpeenarios can be compared based on
kms, time expenditure, G@missions, etc. and assist in deciding on a pesfeyption.

* Furthermore, the following elements are required:
* Map at a scale of minimum 1:50,000, preferablytdigied
e Statistical data on the study area, e.g. populai@hwaste generation numbers

* In afirst step, a central point is defined forteaollection area (ward) which will be used as
starting point for further calculations.
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LEGEND

generation by ward (kgiannum)

Figure 10: Calculation of Mass Centres in Study Ara

Based on the following formula, the mass centrgvbeh 2 points is calculated:
Sni=1-My/(M1+My) *100%

In the case of the example given in Figure 10,

Sn1i=1-195,000t/a / (195,000t/a+80,000t/a) *100%=29%

The value of § gives the distance between the 2 points in % fiteeperspective of point 2.

In the next step, the obtained point is connecta tive next central point; for these 2 new points,
a new mass centrg 8 calculated. In the same fashion, all points el connected. The last mass
centre will represent the total mass centre.

Layout of a Waste Transfer Station

The purpose of a transfer station is to transfeste&vdrom waste collection vehicles to larger
transport vehicles such as transport trucks oglffiteirains in order to optimise transportation
expenditure and related system costs. This tramdfemaste is frequently accompanied by some
removal, separation, or handling of waste. In avdare wastes are not already dense, they may be
compacted at a transfer station.

The construction and operation of waste transtgrasts is however bound to additional costs that
need to be outweighed by the system savings. Funtire, there is extra time, labour, and energy
needed for transferring waste from collection tsuttk transfer trailers.

When planning the installation of a transfer sttithe following points should be considered
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(IFA, 2006):

» The payload of waste collection vehicles is smailem the payload of transport vehicles
(minimum factor 2)

* The personnel deployed on waste collection trusksin. 1 driver/1 collector and is therefore
higher than on transport vehicles.

* The capital bound in collection vehicles is by fégher than the capital bound in transport
vehicles (ca. factor 2)

* Waste transfer requires technical equipment irmtations, expenses for maintenance of
operating points, and investments.

* For the transportation of waste over long distaadeljitional technical compaction might be
required in order to achieve the maximum allowegabc#ty of transport vehicles.
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Figure 11: Typical Layout - Waste Transfer Station

In developing countries, some transfer stationéthe type depicted in Figure 11, but there are
also unmechanized, local transfer points that sévepecial needs of particular collection service
areas. These local transfer points are discussael lSTs for Action 2.1.

A number of truck types are currently used for sgorting wastes from transfer points. At large
transfer stations, large transfer trailers are Usedulk transport of compacted waste to more
remote disposal facilities. These can be eithendpp (usually a cover is required during waste
transport) or enclosed.

Transfer station design in industrialized countgeserally includes a tipping floor serviced by
bulldozers for pushing waste into transfer trailersa compactor blade for packing waste into
trailers. Recyclables and special wastes are istrglg being sorted and processed at transfer
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stations. In the case of Maseru, the sorting ardevaddition to recyclables is discussed under
ESTs for Actions 3.1-3.4.

The following design and selection factors for &f@n stations and transfer points are associated
with sound practice (UNEP, 2006):

» Choose a transfer system that can accommodataltmarfge of collection vehicles already in
use or planned (even when the long-term desire thigho phase out certain types).

» Site transfer stations and transfer points to mirenoedour and noise and to allow waste to be
accumulated, if necessary, prior to long-haul fpants

* Respect and abide by agreements with the neighbodrim which a transfer point is sited.

* Select and design transfer systems that allow act®eshe waste for pre-processing and
removal of recyclables, compostables, or problentenads, unless there is a compelling
reason to do otherwise.

* For large-scale transfer stations, select localdenequipment, local designs, and local
expertise whenever possible, supplemented if napgdsy assistance from national or
international experts.

In the case of Maseru, it has been suggesteddjeeted EIA by Genesis Environmental Solutions
for a new sanitary landfill site that a transfeatstn should be included to the City’'s waste
management system. The necessity of a transferstatMaseru is however highly questionable,
as the new potential landfill site is located &tr85rom the City centre. It is suggested to conside
alternative scenario in order to take an informediglon on the viability of a design including a
transfer station.

Route Planning Software

Route planning is an activity mainly performed bgiktic companies for the planning, follow up,
and quality securing of transports, collections deliveries of goods and personnel. In the case of
waste management, route planning can be used @n twdmprove efficiency of waste collection
services by minimising transport distances andesyatically organising the waste collection fleet
and personnel.

One example for route planning software is Routaftma RouteSmart Technologies. In one
software package, it offers solutions for a numbiepublic work duties, incl. waste collection
routing and street sweeping optimisation. It badsnccollection routes based on time,
personnel/assets or volume parameters, and segustiops in optimised travel order to minimise
transport distances and meet time-of-service ptgmis. #http://www.routesmart.cojn

Another example for route planning software is Caouy from VU Traffic Technologies. It is
the leading system for waste handling logisticsgdu®y more than eighty waste disposal
companies. The system assists waste collection @oiepin optimising collection routes in terms
of transport distances and collection times as aifmers become increasingly complex in
competitive markets #ttp://www.ivu.de/index.cfm?articleid=456&year=2004

A comprehensive list of commercial vehicle routisgftware is given on the websites of the
University of Karlsruhe Http://www.wior.uni-karlsruhe.de/bibliothek/Vehi¢t®m). Further
information on route planning software can be founder the following URLSs:

. http://www.isb-reinirkens.de/ISB-GIS-Entsorgung.htm
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. http://www.software-marktplatz.de/software-04301870D0-100-tpl-tourenplanung,-tourend
isposition,-routenplanung,-leistungsbewertung-eiegrgtschaft-versorqungswirtschaft.html

o #http://www.tuvpt.de/fileadmin/pdf/Gueterverkehr/opéle transporte-flyer.pdf

In the context of Maseru’s ISWMP, it should be ddased to integrate route planning software
with other elements under a Waste Information $ygtee ESTs for Action 5.3 - Establishment of
a Waste Information System).
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Environmentally Sound Technologies for Action 3.2 - Foster
the Development of a Local Recycling Economy

Short Introduction

Recycling activities within Maseru are currentlyinig constrained to the collection, pre-sorting
and baling of recyclables, with the major valueiaddprocessing steps being undertaken by
companies in South Africa.

A healthy local recycling economy would focus oking over some or all of the downstream,
value-adding processing steps, thus supporting agoimngrowth and job creation by selling

value-added (intermediate) recycled products. Thed below illustrates the shift in the economy
which would need to occur as an outcome of thimact

Scenario A — Current situation

Recycling
Process steps
1,2,3,4, etc.

Non systematic Short distance
collection transport

Long distance
transport

Presort Storage

Maseru/Lesotho South Africa

Scenario B — Improved local infrastructure

Recycling
Presort Storage Process steps

Recycling
Process steps
3,4, etc.

Systematic Short distance Long distance

collection transport transport
P 182 2

Maseru/Lesotho South Africa

Figure 12: Local Recycling Infrastructure Maseru -2 Scenarios

The recycling centre identified in Action 3.1 wouwddsist in providing infrastructure for the local
recycling economy, while Actions 3.3 (recognitiardasupport of local recycling markets) and the
proposed recycling forum of Action 3.4 would prawid healthy environment for collaboration
surrounding the recycling economy.

Furthermore, a value add component for recyclabtedd be considered as part of the tender
process for removal of wastes under the ISWMP.

Technology descriptions
The following are value-adding steps that may hE@priate in the Maseru context:

* Manual or Mechanical sorting of recyclables
* Cleaning

» Down-sizing (shredding)

» Baleing or Compacting
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Manual Separation

Manual sorting will be required in Maseru to sepathe collected mixed bag of recyclables into
the various streams (i.e. paper, plastics, tin.dtcgeneral, labour-intensive low-tech procegsin
such as manual sorting, will be preferred over agpe high-tech processing.

Manual separation can further add value if, fomepke, bottle caps and rings are removed, labels
are removed from tins/bottles.

Manual sorting can also be used to remove contartenfiom the separated recyclables. In
Maseru, the price obtained for baled recyclablesfien lower than anticipated due to the
prescence of contaminants. Recycling firms in SoMfiica receiving bales may even reject
consignments if contaminants are present.

Equipment involved in manual separation of matsriatludes the following (UNEP):
* A sorting belt or table with workers stationed orer both sides of the belt or table.

» Hoppers or other receptacles for receiving rematasds positioned within easy reach of
the sorters.

Mechanical Separation
Mechanical separation includes:

* size reduction

e screening

* air classification

* magnetic separation, and

* non-ferrous (e.g., aluminium) separation

In general, these processes are used to separgttatdes from a mixed MSW stream. Under the
proposed ISWMP for Maseru, recyclables will be ectiéd separately from residual MSW. As
such, mechanical separation may not be requirdidetsame degree. However, some mechanical
separation processes may be appropriate to useawitixed recyclables stream or to remove
contaminants thereby increasing the value of tbheywts transported to South Africa.

Size reduction

Different separated plastic streams could be slee@dtb increase their value and ease
transportation. Glass fractions may also be gradman to facilitate the removal of labels and
other contaminants.

Technologies that may be appropriate here include:
e Hammermills
* Shear shredders
In general, the shear shredder will result in aseuproduct.

Screening

Screening could be used to remove contaminants &amixed stream or separated stream of
recyclables if present.
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Technologies appropriate for source-separated rakté@nclude:
» Vibratory flat bed screen
e Trommel screen

Air classification

Air classification is typically used to separatexed shredded MSW into a light and heavy
fraction. It is therefore not appropriate in theddeu context. Newer pneumatic technology which
selectively removes contaminants (e.g. from a @saistream) may find application, but may also
be too expensive. Manual sorting should ratherdaselu

Magnetic separation

Magnetic separation is a technically simple andtnetly low cost process that could be used to
segregate magnetic (i.e. ferrous) metal from thdumeé of recyclables.

Magnetic separators are available in three cordigpms:
* magnetic head pulley
e drum, and
* magnetic belt.

Non-ferrous separation

It is felt that separation of aluminium and/or gldom a mixed recyclables stream can be easily
achieved using manual separation. However the tdogn that could be applied here to separate
these streams out is eddy current separators.

Cleaning

Under the ISWMP for Maseru, the aim is to collet#an, dry recyclables. However, if the
collected recyclables, particularly plastics, ardyd cleaning may be required. An ultrasonic
cleaner is therefore proposed for this purpose.

Baleing or Compacting

To aid transportation of the separated recyclatiesams, a baler is required. Balers are used for
paper, cardboard, non-shredded plastics and cdiher @chnologies for compacting include:

* biscuiter

» can densifier / flattener

» pelletiser (for plastics)

» Design of processing facilities

According to UNEP-DTIE (2006) the design of a swstel processing facility should consider the
following:

* Reliance upon proven technologies (appropriate asévll) and based on the fundamental
principles of engineering and science

e Consideration should be given not only to the cttersstics of the mixed recyclable
materials, but also to the specifications of ttmwered materials that are to be sold
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The recovered material qualities should be preseovemproved
Processing flexibility to accommodate potentialfetchanges in market conditions

Recovery of the largest percentage of materialsithéeasible given the conditions that
apply in Maseru

Accommodating the various types of vehicles thatilaeliver mixed recyclables to the
facility, as well as the frequency of the deliverie

Relying largely on manual labour where current m#ton technology is lacking,
unproven or marginally effective

Material storage, and

Health and safety of workers and protection ofaéheironment.

The table below summarises the technologies thmabeaused for the different recyclable streams
in Maseru. Support processes necessary for tratasiporinside recycling facilities and storage are
also listed in the table.
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Table 4: Typical design considerations and procesy alternatives for facilities that process sourcaseparated feedstocks (UNEP-IETC, 2006)

Ferrous (bi-metal)

Ferrous (tin cans)

Aluminium

Plastic (PET)

Collection Category

Paper and cardboard

Commingled container$in, bi-metal and

Basic Feedstock

Newspapers, office Hand pick contaminantdand pick contaminantaccumulated in bins orBaler
bunkers before being
selectively conveyed to

paper, cardboard, some
coated grades

aluminium cans; plastic
and glass containers;
contaminants

Sort Method

Manual and/or magnetWith baler
separation of tin cans
and bi-metal if required

Bale

Manual and/or magnetWith baler
separation of tin cans
and bi-metal (if required)

Flatten

Eddy current apparatugVith can flattener
separates aluminium
from non-metals

Pneumatic and/or
manual sort of PET

Tipping Floor

&ting Conveyer (or Interim Storage

room)

baler

Infeed Conveyer Screen

Hand pick contaminantdand pick contaminaniBroken glass recovere®eparate aluminium and
plastic from glass

Magnetic separator foras undersize
ferrous mixed-colour fraction

Shred
With can shredder

Biscuit

With can densifier

With can densifier With can shredder

Transfer Bale

Pneumatically convey With baler
outside transport vehicle

Interim Storage Perforate

In overhead hoppers

convey to perforator

Separator

Drop from overheadMechanically or
hopper or pneumaticalpneumatically from
perforator to baler

Finished Product
Storage

Preparation for
Shipping

In stacks or bales on
processing floor or
stacked in transport
vehicle

Dynamic/Pneumatic

Air Classify Store

n/a Convey shredded cans
outside transport vehic
or bales or biscuits in
stacks on processing
floor, outdoors or in a
transport vehicle

shredded cans to outs
transport vehicle, or
bales obiscuits in stack
on processing floor,
out-doors, or in a
transport vehicle

rémove labels

Biscuit Store

Compress in a densifier On processHogrf
outdoors, orin a
transport vehicle

Bale Store

On processing floor or
outdoors in transport
vehicles
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Plastic (HDPE) Manual sort of HDPE

Glass Hand sort or optical
automatic sort by colour

Plastic (HDPE and PEManual sort of each tyj
of resin

In overheagers

Granulate

Drop from overhead Mechanically or
hopper or pneumatidglpneumatially convey tcprocessing floor before

convey to granulator

Crush

With glass crusher

Bale Store

Granulated in boxes o

baler loading into transport

vehicle, baled in stacks

on processing floor or
outdoors in transport
vehicles

Upgrade Store

Remove paper label$n bunkers for loading

metal lids, and other front-end loader, or in

contaminants by screenverhead bins for

and/or air classifier  selectively conveying t
transport vehicles

Bale Store

Mechanically or

pneumatically convey tfront-end loader, or in

baler overhead bins for
selectively conveying t
transport vehicles

In bunkers for loading &

O
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Environmentally Sound Technologies for Action 4.1 -
Adjustment and Integration of Planning Activities f or
Sanitary Landfill Site

Short Introduction

The Department Health and Environment within MOCcliose collaboration with the MCC
Department of Urban Planning (and with LSPP), sthoalaborate a waste collection
infrastructure plan. Currently, certain wards ao¢ serviced by the MCC as no appropriate
access infrastructure exists. Furthermore, thdilmtaf waste collection centres as well as the
regularity and timing of waste collection servideg the MCC should systematically be
addressed by both departments. Key staff needs ¢ém ¢graining and/or a consultant should be
appointed to carry out this action.

Summary of Technology Requirements

Sector Type Approx. Prize per Unit [M]

Development Site Access 4,000,000,
Site Amenities & Services 2,800,000.
Cell Construction (incl. liner) 10,000,000.
Leachate Management System 2,500;000.
Gas Management System 800,Q800.
Caping System 13,500,000.

Operation Chain Bull-dozer 2,500,000.
Front-end Loader 2,000,080.

Background

The aim of environmentally sound landfilling isdagoid both short and long term impacts or
any degradation of the environment in which thedfdinis located, and more specifically to
prevent pollution of surface and groundwater. Tiredt that current waste dumping activities
pose to Maseru’s groundwater reserves is unacdeptai it is therefore recommended that a
sanitary landfill site is built.

A sanitary landfill site is an engineered facility the controlled disposal of municipal solid
waste. Its design has the purpose is to minimizerpial hazards for public health and the
environment by including a number technical basriaround the landfill body. A typical
landfill site setup consists of a number of callsvhich waste is systematically placed. Its base
is usually lined to prevent leakage of leachate the ground- and surface water.
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Typical schematic of a state-of-the-art landfill
p cap system

gac managomant — extraction well
SYstem gac monkoringprobe o= fgas gas monikoring
/ suface water Ieacmtare-t probe
A conirol system Y| manageme

monioring well liner system monikoring well

{credit: Paul C. Rizzo Associates)

Figure 13: Typical Design of a State-of-the-Art Landfill
In the design phase of a new landfill site, théofwing points should be considered:

» Compliance with local zoning and land-use criteria

» Accessibility by waste collection and transportati@hicles
» Protection of surface and ground water reservoirs

» Capture and/or control of landfill gas emissions

» Location in proximity to earth cover material

* Not located in environmentally sensitive areas

« Comprise enough land and internal capacity to allorvexpansion and buffer zone
from neighbouring properties

« Approved by the local regulatory authorities andegted by the public

A sanitary landfill site is highly capital intensiwenture, and should therefore be designed to
operate for a period of more than ten years. Furthee, operational costs should be bearable
by the community it is intended for, and the orgation that owns or operates it.

Development of a New Landfill Site

The development of a new landfill site is a regedlaprocess (at least in South Africa) that
interacts with the national regulating authoritydéterent stages. The development process
depicted in Figure 14 has been adapted from th¢hShfican Minimium Requirements for
Waste Disposal by Landfill (DWAF, 1998), and givibe different steps required for the
selection, design, operation, closing and monigpdha sanitary landfill site.
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Classify Proposed Landfill
Commence Public Participation

Identify and Rank Candidate Landfill Sites

Obtain Confirmation o
Do Feasibility Study on Best Alternative Feasibility from
National Authority

Apply for Permit

Include Documentation an:
- Site Investigation
- Environmental Impact , .
- Landifill Design If Permit Obtained
- End-Use Plan
- Operating Plan
- Water Monitoring plan

Obtain Approval from

Prepare Landfill Site National Authority

Operate and Monitor Landfill

Apply for Closure
Source: Adapted from
DVWAF (1938)

Figure 14: Flow-Chart for the Development of a New Landfl Site

The development of a new sanitary landfill sita lsngthy process, and responsible parties are
advised to thoroughly conceptualise the developrpemtess before taking concrete action.
Development activities for the new sanitary laridfite at Tsoeneng are currently underway,
and a consulting company has been commissioned23%/thl review and amend and EIA that
has been rejected in its current form.

Classes of Landfill Sites

Waste generated in Maseru is either of generalof@)azardous (H) type. Although waste
disposal by landfill is not regulated in Lesothda, yBe South African Minimum Requirements
on Waste Disposal by Landfill give a good basigtmntechnical necessities for disposing of
different waste types in an environmentally sowshfon.

According to DWAF (1998), hazardous waste is thetevghat has the potential, even in low

concentrations to have a significant adverse eftectpublic health and the environment

because of its inherent toxicological, chemical phgsical characteristics. Hazardous wastes
are rated as follows:
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* Hazard Rating 1 - Extreme Hazard
* Hazard Rating 2 - High Hazard
» Hazard Rating 3 - Moderate Hazard

* Hazard Rating 4 - Low Hazard

Source: Adapted from
Waste Class DWAF (1908)

( Size of Landfill

H

c
Communal Landfill

Operation (incl.

Medium Landfill
150-500t'd

Maximum Rate of
Depnslﬂon MRD}

H:h H:H
Large Lar:dﬁll Haz.ardous Rating Hazardoun Rating
>500t'd
:snn wamf Bﬂlanoe) . ° e ° e e . ° ° °

Figure 15: Landfill Classification - Source: Adapted fom Minimum Requirements, DWAF (1998)

It is estimated by the MCC that the new landfitesshould have a lifespan of minimum 20
years. In the rejected EIA proposed by GenesisrBnmient Solutions (2005), the Maximum

Rate of Deposition has been calculated based ofotimila given under section “calculation

methods” (MRD=249.35 t/d). According to their finds, the proposed landfill should be
classified as size medium. It is however suggestatithe MRD is calculated based on the
waste generation and management projections prdpngbe ISWMP. For this purpose, the

formula would no longer be applicable, as a nundjedetailed and non-exponential waste
generation and management patterns have been aksume

According to Genesis Environment Solutions, then@lic Water Balance (see Formula under
“Calculation Methods”) is negative, which meanst tha significant leachate will be produced
by the landfill (B-).

Technology Descriptions

The technical design and operation of a landfik shust prevent emissions from the landfill
body to the environment. According to specific irtipeategories, the following elements need
to be considered:

* Prevention of Liquid Emissions: A main threat related to the final storage of wast
materials in a landfill is the production of leathavhich could pollute surface- and
groundwater. Therefore, an appropriate physicahusgion, i.e. liner system, needs to
be installed, complemented by an effective drairegtem.

* Prevention of Solid Emissions and Odour Control:On the other hand, waste, dust
and odour emissions from the landfill body oftemamced through wind need to be
controlled via regular covering to isolate the wagbm the environment. Sufficient
cover material should be available in proximitythe landfill site.

» Prevention/Control of Gaseous EmissionsThe decomposition of organic materials
in the landfill body leads to the production of dififi gas that is mainly composed of
CO, and CH. Both components are active greenhouse gases whittibute to global
warming. Furthermore, CHs flammable, and poses a hazard especially tplpeo
working on the landfill site. Although it is an aiaf the ISWMP to divert as much of
organic waste as possible from landfilling and ¢fiere reduce the potential of
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uncontrolled gaseous emissions and stabilise tidfilebody, it should be considered
to integrate measures for the end-of-pipe captul@ndfill gas at the design stage. In a
subsequent operational stage, the captured gas eibnér be flared or used for energy
recovery.

Technical Resources for Environmentally Sound Landf il Development
Infrastructure and Road Access

Depending on the size and the location of the irglfe, a number of infrastructural and
logistical elements need to be implemented. Ifsite is located in an area without adequate
road access, appropriate road infrastructure nedaks put in place so that waste collection and
transport vehicles are able to enter the landii#. ~urthermore, access control should be
provided for every type and size of landfill sitéisis especially for larger landfill sites that
services such as water, sewerage, electricityphelees, security, weighbridges, and site
offices need to be put in place.

Liner and Capping Design

The requirements for the liner and capping desighdepend on the type of landfill site as
defined in section “landfill types”. The differeatements required for the construction of the
liner and capping systems are defined as follows:

« Layer: Protection layer consisting of soil, gravelpble or other similar material
material.

» A Layer: Leachate collection layer.

« B Layer: Compacted clay liner layer.

» C Layer: Layer of geotextile.

» D Layer: Leakage detection and collection layer.

* E Layer: Cushion layer of sand.

* F Layer: Geomembrane or flexible membrane liner.

» G Layer: Preparation layer consisting of a comphtager of reworked in-situ soil.
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Liner Designs

G:M:B Landfills

Hemssing e

O Layer 150mm Desiccation layer

7 7 7 77
BLla 4
v 22 /// A // 300mm Compacted clay
AV, A A2

G:S:B” Landfills

liner (in 2x150mm layers)

Waste body B Layer
G Layer 150mm Base preparation layer ~ G Laver 150mm Base preparation layer
In situ soil In situ soil
G:L:B" Landfills
G:S:B' Landfills
Waste body
O Layer 150mm Desiccation layer Waszbady
B Layer 295090009005050,0700 .
Y I - A Layer Qgggagoggggg§g§ggo°og 150mm Leachate collection layer
. " K4 s, "/ "/ Z
B Layer J liner (in 3x150mm layers) B Layer ////////7/////////; ////////
-~ < 300mm C dclay
B Layer B Layer '//////////////////{////////// liner (in 2x150mm layers)
7 i
G Layer 150mm Base preparation layer e -

G Layer
In situ soil

k R GGG o
\t,j%,, AN In situ soil
PRI

150mm Base preparation layer

&
G:M:B’ and G:L:B" Landfills ZEeRias,  Weed

5050520°06009090305090 . " }
A Layer ogggggogogggggygcgggc 150mm Leachate collection layer
Waste body E Layer : 150mm Soil protection layer
e Smm FML/Geomembrane
A Layer 150mm Leachate collection layer FLayer Igmr R
N B Layer
7. A
B Layer .
. B Layer '////////////////////,{// 600mm Compacted clay
B Layer 244574 '/// 74 // Jiner (in 4x150mm layers)
> 600mm Compacted clay B Layer ’/})///////////////
B Layer ok liner (in 4x150mm layers) Z. 4{{ AN A /4%/ Z 74
R A A,
B Layer 7 / BlLaser /‘ s’// /= '6/// A /ié/// /‘ gé/%/ ////’ Geotextile layer
C Layer = Geotextile layer C Layer S0 0000002000500 = ‘ rp—
D Layer 150mm Leakage detection and collection layer D Layer ggggggggggggggg:g 5958 150mm Leakage detection and collection layer
B Layer 150mm Compacted clay liner B Layer 150mm Compacted clay liner
G Layer 150mm Base preparation layer G Layer 150mm Base preparation layer
In situ soil In situ soil

‘Waste body
A Layer
"y 300mm Leachate collection layer
ayer
E Layer 150mm Soil protection layer
F Layer ety 7 - 2mm FML/G
Blayer 77777777 /;///////4
- /
B Layer /////////////;////////////// 6_00mm Compacted clay
T /‘// liner (in 4x150mm layers)
B Layer ////////.//////////,
g 5 2% ; 7 /; 7577
gll:y" //////,///////////////////, b
Ver Lot Geotextile layer
D Layer gg§g§g§g§g§g§g§g§g§g§ 150mm Leakage detection and collection layer

N\

B Layer '///////////////////////l

2 s
LLELLl LA 207, 300mm Compacted clay

: 7 7 At
B Layer ///////////}/////////// liner (in 2x150mm layers)

G Layer 150mm Base preparation layer

In'situ soil
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Cover or Capping Designs

G:M:B", G:L:B" and Hazardous Landfills

G:C and G:S:B Landfills

U Layer ¢ 200mm Topsoil

W Layer

Leachate Management System

Leachate produced by the landfill body will evetifuaccumulate, and poses a risk to the
environmen by potentially leaking through the lisgstem unless it is removed by a leachate
collection system.

The design of leachate management systems basawaiists of a perforated piping system
situated above the liner in order to collect tlaeleate, and a tank for the storage of the collected
leachate. In a subsequent processing step, thkaieamust be removed from the tank and
treated or disposed of. Options for the environmgnsound management of leachate include:

» Discharge to a wastewater treatment plant

* On-site treatment followed by discharge to sewemagrirface water depending on the
guality of the treated leachate

+ Recirculation back into the landfill

All of these options generally require a pumpingstegn. They require considerable
maintenance due to the corrosive nature of thenbdac

Landfill Gas Management System

For every size and type of landfill operation, thehould at least be a monitoring system in
place in order to determine whether dangerous ataamfngas are being released. There are
basically two types of landfill gas management eyst, which are called passive and active
landfill gas collection systems.

The advantage of passive systems is that theyretiie natural pressure of the landfill gas for
the collection via buried vertical perforated pipssch a system can therefore be realised at
comparatively low costs. Once collected, the gasetther be vented or flared at the surface.

The design of active collection systems is baseal loaried network of pipes coupled to pumps
in order to capture the gas. The landfill gas edrsequently be processed and used for process
heat or electricity generation. The advantage @@systems is that they realise higher gas
yield than passive systems. Disadvantages are lesvike hazard bound to the pressurised
capture of a potentially explosive gas, and redyihigh costs.

In order to make the capturing of landfill gas aoromically viable operation, the following
conditions should be given:

« Sufficient methane generation
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» Capital availability for gas processing
* Local demand for natural gas or means for tranagiort

» Relatively high market price for natural gas

Resources for Environmentally Sound Landfill Operat ion
The environmentally sound operation of a landftk should aim at two basic principles:

* Waste Compaction: By compacting the deposited waste with heavy nmeclgi
hollows in the waste body are minimised, which prés the rapid infiltration of
leachate, reduces the risk of fire, and increageslite through the achievement of
higher waste densities.

» Covering of Waste on a Daily BasisThe regular covering of deposited waste with soil
or other suitable materials (i.e. builder’'s rubblke)mainly aimed at reducing odour
emissions, although it also reduces fire hazardveaste outflow.

In order to secure the environmentally sound opmranf the landfill site according to the
above mentioned principles, the following pointedéo be considered:

» Equipment: In order to secure the proper disposal of wasteghe landfill site,
appropriate equipment needs to be available. Lagites would require a combination
of landfill compactors, bulldozers, front-end loesl@nd trucks in order to support
appropriate operation of the site. Smaller sitesuldorequire less of the above
mentioned equipment.

» Staff: According to the Minimum Requirements, landfillesation is carried out under
the supervision of one responsible person. Furtbepsufficiently qualified staff and
back-up are required are required to ensure thatatttivities related to landfill
operation are carried out properly.

* Methods for Landfilling: Sanitary landfills consist of elements referredatocells
which are built buy spreading and compacting sekdte into layers within a confined
area. On a regular basis, the compacted wastevesem with a thin, continuous and
compacted layer of soil. A series of adjoining€ell the same elevation constitute a lift.
Typical heights of cells vary between 2 and 4 ngt€he minimum width of the cell or
minimum width of the working face depends upontgipe of equipment used. Usually,
a cell is about 2 to 2.5 times the width of thedelased for building the cell.

Additional Information

Selection of a Landfill Site

The selection of a landfill site requires decisioakers to choose an appropriate site based on a
number of considerations. A precondition for a &sstul selection is the presence of a number
of potential candidate sites.

« Economic considerations:Early economic consideration regarding a poterditd
should include elements such as transportatioantsts from waste generation sources,
site size, land availability and access.
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* Environmental considerations: These considerations consist of elements having
potential impacts on the environment, especiallys¢éhrelated to local surface and
groundwater reserves.

* Public acceptance considerationsThese considerations include potential impacts of
the landfill site on public health and safety, diyabf life, local land and property
values. Especially the early involvement of thedily affected population is of special
importance, as this will help to accelerate theraypg process significantly by
clarifying potential misconceptions in the earlgges of the development process.

Design of a Landfill Site

Depending on the outcome of the site selectionge®ica landfill site needs to be design in
order to guarantee its main purpose, which is teegntion/control of solid, liquid and gaseous

emissions from the landfill body into the envirommélhe matrix given in Table 2 can assist in
identifying the different environmental impactsafandfill site. As the selection of the site is

based on criteria broader than just geohydrologispkcts, substantial additional engineering
might be required in order to secure the landbidi.

Table 5: Environmental Impact Matrix

Actions or Blowing Dust, Landfill Gas Noise During Additional Litter Leachate Salvagers Etc.
Results of Odour & Air  Emissions ~ Operation Traffic on Production &
Landfilling Quality Roads Water
Pollution
Agriculture
Recreation
Residential
Areas

Surface Water
Ground Water

Archeological
Site

Indigeneous
Forest

Industrial
Development

Global Climate
Etc.

Closing of a Landfill Site

The closing of a landfill site must be authorizedliee responsible authority. The closure of the
landfill site will includes the application of fih@over, drainage maintenance and leachate
management, and the implementation of an end-@asg elg. recreational uses such as parks.

Monitoring

Monitoring is a control mechanism present at abst of the development of a landfill site,
incl. site preparation, liner installation, opeoati rehabilitation, and after-closure.
Furthermore, impacts on the environment are cdettdly water and gas monitoring.
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Calculation Methods

Maximum Rate of Deposition (MRD) at a Landfill Site
MRD = IRD(1+d)

MRD = Maximum rate of deposition in t/d during theal year of operation

IRD = Initial rate of deposition in t/d and wouldtreer be measured or estimated from
appropriate information

d = the expected (constant) annual increase iratkeof deposition and would usually be based
on the anticipated population growth rate

t = the period or planned life of the site expresseyears.

Climatic Water Balance

The Climatic Water Balance gives an indication drether a significant amount of water will
be produced or not, and is calculated as follows:

B=R-E
B = Climatic Water Balance, R = Rainfall, E =SéVvaporation

Landfill Site Life
The volume of the waste, 6 calculated from the total volume as follows:

V.= (1-R)V,

R = Average ration of cover to total airspace, Ugua5
V.= Total volume of airspace of the site

The total mass of the waste Mr is calculated devd:
M, = vV,

I = Average density of compacted waste

The total mass of waste Mr is related to the ihitge of deposition (IRD) and the average
annual growth rates as follows:

M,=IRD/I . [(1+])" -1]
| = Average growth rate per year
n = time period or life of the site in years

For the purpose of calculating the expected sigine, the equation is rewritten in a more
convenient form as follows:

n = log[MJI/IRD + 1)/log(1+l)
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Environmentally Sound Technologies for Action 4.3 -
Capacity to Thermally Use Non-Recyclable Paper

Short Introduction

This action is concerned with creating capacityiaseru to energetically use the stream of
waste paper that remains after all reuse and ri@gyocpportunities have been exhausted.

A process has been developed by the Appropriatanidegy Section (ATS) to make paper
briquettes for thermal use as a substitute forad@ror biomass. As well as diverting paper
waste from landfill, these waste paper briquetiiethie increasing need for an alternative fuel
source in Maseru.

Summary of Technology Requirements

Sector Type Approx. Price per Unit [M]
Paper briquette press 1 x briquette 80-
2 X briquette 140.-
4 x briquette 220-

Technology Descriptions
The process developed by the ATS involves theiollg steps:

* Waste paper is soaked in water
* The resulting pulp is placed in a simple press
» Water is squeezed from the “briquette”
The paper briquette press is shown in the folloviiggres:
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Figure 16: Paper Briquette Press
The briquette press has the following features:

» Itis straightforward to manufacture and assemble
* |tis easyto use
* Itis robust and does not require maintenance

» If used properly, it can make briquettes that avengarable in characteristics to
charcoal briquettes

* ltis easily movable and lightweight
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Environmentally Sound Technologies for Action 5.3 -
Establishment of a Waste Information System

Short Introduction

Crucial to effective waste management is up to datd accurate knowledge on waste
guantities generated, as well as their final f&teNIS is a tool that enables the gathering,
storing and interrogation of waste data. Besidedehnical realisation of such a system, the
legal perspective is of paramount importance; déltaoften not be obtained if the reporting of
such data is not compulsory by law. Developmentaof appropriate system should be
supported.

Summary of Technology Requirements

Sector Type Approx. Prize per Unit [M]
Software Database Application >3,000.-
Analysis and Modelling Tool >3,000.-
Billing System >5,000.-
GIS >15,000-
Route Planning Software >100,000.-
Hardware PC+Printer 7,000.- - 15,000.
Background

The purpose of a WIS is to render activities inwaste management sector more efficient by
enabling the systematic gathering, storing androgation of waste data. There is no single
definition of a Waste Information Systems, and elystonfigurations can vary widely in size
and type. There are WIS for entire countries, stptevinces or municipalities. Furthermore, a
WIS can be realised in form of a simple hardcopindi system up to a highly complex IT
system coupled to Enterprise Resource Planning YBR® Geographic Information Systems
(GIS).

A WIS needs to be tailored to the requirementfhiefdustomer. In the case of the Maseru City
Council, the current level of data gathering regagavaste information and IT infrastructure in
the public administration sector needs to be idiedtiprior to system design. Furthermore, it
needs to be clarified for which purposes the Wi lva used by MCC.

The functionalities of a WIS can include:
* Data storage
« Data analysis and modelling
» Geographic information management
* Route planning and fleet management
e Customer billing

Whereby the functionalities mentioned here abovelmaprovided separately by a number of
(IT) tools or methods as stand-alone solutionsgtigethe option of combining up to all of these
components into one integrated WIS.
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Analysis and Strategic
Modelling Level

—» Route Planning

Database Operational
g Gl Level

—p Billing System

User Interface

Integrated WIS

Figure 17: Example of an Integrated Waste Information Sgtem

Advantages of an integrated WIS are:
» Centralised storage and sharing of all waste manegerelated data,

» Detailed planning and monitoring of waste managenaetivities on the operational
and strategic level, and

* Management of work order data and billing processes
However, the disadvantages of an integrated WiISsifellows:

» Complex and customised IT solution

* High implementation, operation and maintenance edipares

* Intensive and ongoing training of system administisaand users

As a rule of thumb, a WIS should be realised apkimnd efficiently as possible. Furthermore,
Maseru’s WIS design should integrate proposed compis within other actions in the
ISWMP, use existing (IT) tools in other public adwstration departments, and allow upgrade
and interfacing to further system components atex lstage.

Technology Descriptions

Database Applications

A database is a logical collection of interrelatefbrmation, managed and stored as a unit,
usually on some form of mass-storage system suoiagsetic tape or disk.
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In the IT world, there exists a variety of databagplications, ranging from spreadsheet
applications such as MS Excel for the managemeatrather restraint number of information,
up to industrial scale database applications sscracle, suitable for the management of
extensive data sets.

In the case of Maseru, the order of magnitude aftevanformation that needs to be collected
and stored in a database application must be dstintaorder to make an informed decision on
the type of database system to be used.

Examples of database applications:
* MS Excel and MS Access
¢ Open Source: MySQL
¢ Industrial Scale: Oracle, IBM DB2, IBM Informix

Analysis and Modelling Tools

Analysis and modelling tools help to understantgrimgate and analyse activities in the waste
management sector on a strategic level. Typicaitfanalities include the representation and
analysis of generated waste amounts accordingrtergtors and final fates, and assist in the
identification and projection of trends affectifgetwaste sector.

Within the framework of the development of the ISWNbr Maseru, the technical consulting
team based at UCT/Cape Town developed a customimkdomprehensive waste management
model representing the different generated wasteuais on a detailed level according to
source and sinks in Maseru. A functionality forrem@o development and trend analyses has
been included, taking into account the differenteiventions described in the ISWMP.
Furthermore, a financial model has been developgskd on an interface to the waste
generation model, allowing the precise calculabbexpenditure and income streams from a
systems perspective.

Waste Quantities by Sinks - Total 2006-2020
Interventions Scenario

250000

200000

B wild Dumping
B nd. Haz. Waste Transport SA
OIndustrial Dumping (Ha Tikoe)
B Home Burning

150000 +

O Sanitary Landfill (TSoeneng)

B Formal Dumping (Ha T$osane)
OThermal Use (Paper Bricks)

O Recycling

B Composting/Animal Feed

[t/a]

100000

OReuse

50000

0 T T T T T T T T T T T T T
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Figure 18: UCT Waste Sector Analysis and Modelling Tool €ustomised for MCC
52



ESTs for the Implementation of ISWMP Maseru/Lescthdersion 1.0

An off-the-shelve software solution is SWPIan -i@&Vaste Management Planning Software.
It handles the entire solid waste flow from genarab final disposal, including management
approaches such as waste reduction, recycling, astimg, and landfilling. It analyses
amounts and types of wastes, calculates capitaloprdating costs, and considers revenues
from i.a. recyclables.

http://www.scisoftware.com/products/solid waste roiev/solid waste overview.html

Billing Systems

The two main features of billing systems are gdherthe management of customer
information and invoicing. The latter needs furthere to comply with country specific legal
requirements (e.g. VAT). In the case of the wasémagement sector, a billing system can be
employed in order to manage a database of househalil commercial/industrial outlets that
need to be serviced, and track payments of wadiection fees, which are a special challenge
in the context of Maseru.

An example of a billing system is the Pastel AcamgnhSuite by Softline, targeting a large
variety of businesses in terms of nature and #iterestingly, Pastel is a software product by a
South African company launched in 1989. It comphéath SA regulations, and includes
functionalities for the management of the custoneabase, quotations, invoices, purchase
orders and inventoriessHttp://www.pastel.co.2a

Another example of a billing system is SAP for ltigls by SAP. It is a high-end IT-solution for
managing a broad range of activities within thétigs sector, including solutions for billing
and customer relationship managemettttp://www.sap.com/industries/utilities/index.gpx

Geographic Information Systems

A Geographic information system (GIS) is an orgadizollection of computer hardware,
software, geographic data, and personnel desigoedfficiently capture, store, update,
manipulate, analyze, and display all forms of gapgically referenced information.
(#http://www.fws.gov/data/IMADS/glossary.hm

For the purpose of designing a WIS for Maseruhaugd be borne in mind that GIS software is
only one tool amongst others required. It shouldvéefied whether GIS software exists in
other departments of the MCC which could be sharandterfaced. If not, it should be verified

whether GIS software meets the specific needs Factwit is required prior to purchase.

An example of GIS software is ESRI's ArcGIS. laigomplete system for authoring, serving,
and using geographic information. It is an integdatollection of GIS software products for
building and deploying a complete GIS accordinggecific customer requirements. The basic
desktop software allows for maintenance of a pedsgeo-database of clients, cadasta,
addresses, roads, depots, imagery, etc., and exlmdpping, inquiry and analysis functions.

An extensive list of GIS software is given on thebsite of the University of Florida
(http://www.geoplan.ufl.edu/software.html

Route Planning Software
See ESTs for Action 2.2 - Systematic Infrastructumd Route Planning.
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Examples of Waste Information Systems

Solid Waste Information System - State of Californi  a, USA
http://www.ciwmb.ca.gov/SWIS/

The Solid Waste Information System (SWIS) databas#ains information on solid waste
facilities, operations, and disposal sites throughthe State of California. The types of
facilities found in this database include landfiiansfer stations, material recovery facilities,
composting sites, transformation facilities, waste sites, and closed disposal sites.

For each facility, the database contains inforrmaabout location, owner, operator, facility
type, regulatory and operational status, authonzasite types, local enforcement agency and
inspection and enforcement records.

The data in the facility database is continuougigaied and the downloadable data file is
updated on a regular basis several times per week.

National Waste Information System - South Africa
http://wis.octoplus.co.za/?menu=1
The South African Waste Information System (SAWie)yeloped by DEAT in 2005, is a

system used by government and industry to captugne data on the tonnages of waste
generated, recycled and disposed of in South Agita monthly and annual basis.

Local Waste Information System - City of Cape Town, South Africa
http://www.capetown.gov.za/iwmp/pdf/Chapterl1Wast@imationSystem.pdf

Currently, the Waste Department of the City of C&pen has no comprehensive database or
overlying integrated management information systermplace to produce reliable data and
management information. The Waste Department heislet to proceed with the acquisition
of a WIS that best meets its future planning andagament requirements.

The WIS is to include weighbridge software and $thadeally interface with the City’'s new

SAP information and business solution (which hasfétility to include a waste module). The
elements of the WIS considered to be necessaryhi®rCity’s requirements include the
following:

» Development of an effective operating, planning &nancial management tool

« Easy interrogation and provision of meaningful ngemaent information for effective
decision-making

» Interface with City’s SAP information and businassdution

» Effective provision of data required for maintenarad Provincial and National WIS
systems

* Good accessibility of information and output inrfat required by waste management
staff

* Incorporation of data verification and quality cantsystems

* Interface for weighbridge data

» Functionalities for analyses, incl. GIS componeptjmisation of collection beats, staff
information, details of plant, depots and wasteadtgpents facilities
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* Record existing information required for the mamaget of waste reduction, collection
and disposal

* Monitoring of progress and effectiveness of striategdopted in IWMP

BELUGA - Integrated WIS, City of Hamburg, Germany
http://www.sapinfo.net/public/en/printout.php4/alti/Article-1002763edf388185889/en

An example of an integrated WIS is the BELUGA sysigeveloped by OKODATA for the
waste management department of the City of Ham&enghany. The goal of the BELUGA
system is to integrate the processing of commertgahnical and logistic data. The system
includes mySAP Utilities for Waste Management fri§AP, which is used to manage all work
order data and billing processes, Combitour by kvéffic technologies for logistic planning
and fleet management, and ESRI's GIS software émggaphic database management and
analysis.
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Appendix A — Sustainability Assessment of Technolog ies
Framework

1 ESTs for ISWM

Environmentally sound technologies (ESTs) for gné¢ed solid waste management
(ISWM) cover all the five stages of ISWM, viz.: viascollection, sorting and material
recovery, transportation, treatment and resourcevery and final disposal. At each stage of
ISWM, various technological measures are to betifiett and implemented for efficient and
effective ISWM. Table B-1 indicates important teological measures for each stage of
ISWM.

Table B-1 Technological Measures for ISWM (Non-hdpas waste)

Stages in ISWM Chain Activities

Collection Segregation at Source — type, size aadtion of different
bags/bins and collection points

Transportation — type, size and O&M of collectiahicles
for mixed, segregated and hazardous waste

Transfer Station Sorting & material recovery — layof facility and
equipment for sorting, compacting and/or baling

Transportation — type, size and O&M of vehicles |[for
transporting compacted waste for treatment/disposal

Treatment Thermal treatment plant with resourcevery (waste tqg
energy) — layout, equipment and O&M

Biological treatment plant with resource recovery
(compost/biogas/ethanol) — layout, equipment andVO&

Hazardous waste treatment plant — layout, equipraedt
o&M

Residual waste — transportation to disposal site

Final Disposal Sanitary landfill — layout, equipmhand O&M

Controlled landfill for hazardous waste — layoupgment
and O&M

To identify appropriate technologies under eachrelogical measure, a set of criteria
is to be developed. This should cover technologieabnomic, social and environmental
aspects of the technologies. Based on the crittinologies are identified and ranked to
assist decision-makers to make a final selectioramfropriate technologies. UNEP has
developed a framework, Sustainability Assessmentexfhnologies (SAT) Framework, to
identify and rank ESTs.

2 Sustainability Assessment of Technologies (SATydmework
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This framework works at strategic level as welbpsrational level. At strategic level,
the choice is made among competing technical swistisuch as thermal treatment versus
biological treatment. While at operational levebid® is made among competing technological
choices for that technical solution, such as tggs and operations for thermal treatment plant,
if thermal treatment is chosen at strategic lewebne of the technical solutions for waste
treatment. SAT assists decision makers both waysake operational level decision based on
the strategic level decision or vice versa, if egioinformation is not available to take strategic
level decision at first place:

It is important to note that the decision at the gategic level isthe critical factor in
the subsequent identification of candidate technolfy system options.These system
options will then undergo assessment at the ojpaatievel.

Figure B-1 Tools used in Strategic and Operatideakl of SAT

Stakeholder Consultation

Expert Opinion

Information

Strategic Level Operational Level
Assessment Assessment

As shown in the figure above, the tools used iT $#takeholder consultation, expert
opinion and information) at the strategic and opienal levels vary in terms of their sequence
and extent of application.

To identify appropriate ESTs for WND ISWM Planrasegic decisions are already
taken regarding segregation of organic waste frimraovaste at source, transfer stations with
sorting facility for material recovery for recyctjinthermal treatment for waste to energy and
biological treatment of organic waste to producengost/biogas/ethanol. Sanitary landfill
facility is available with Wuxi Municipality. Simdrly, hazardous waste collection, treatment
and disposal facility is also available with WuxuNicipality. Therefore, SAT Framework,
could be used to assist decision-makers to sefgmiopriate ESTs for source segregation,
collection and transportation of waste, transfatishs with material recovery facility and
thermal and biological treatment system. In WN[R2yéhis one thermal treatment system which
is being expanded. However, SAT Framework may assislentify the important technical,
economic, social and environmental aspects of iagighermal treatment plant which are
required to be improved.

2.1 Identifying technology system options through AT Framework

Based on the problem definition, situation analysid the outcomes of strategic level
assessment, a basket of potential technology sgsstauld be identified, which will be
subjected to further rigorous three-tiered assessnidis initial exercise too, must be done
with the help of expert opinion. Reference can lag@to available technology fact-sheets, case
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studies and other available information resourcashsas UNEP’s ESTIS or other
environmental technology databases.

Depending upon the specific situation and nedus,stakeholder group may like to
adopt the proposed set of generic and/or sectaifgperiteria without any changes. As noted
earlier, in some situation-specific cases, it mabsential to revisit the generic set of criteria,
and modify or add some specific criteria.

2.2 Screening tier {ier 1)

At this stage, the short-listed system optiorst findergo screening using criteria in tier
1. The tier 1 criteria yield only an objective Ys/type answer and hence, those options that
do not qualify one or all the conditions, then getomatically eliminated. For example, one of
the criteria in tier 1 relates to a very basic regent - legal compliance. In case a technology
system can not ensure legal compliance, then ifdvget eliminated at this point itself. This
assessment can be done by a suitable stakeholoigp gvith / without the help of expert
opinion.

2.3 Scoping tier fier 2)

Short-listed system options from the tier 1 thertlyough the comprehensive scoping
assessment (tier 2) that is more of qualitativeature (low / medium / high). During this stage
of SAT, the stakeholders are required to assesgitli@us technology system options vis-a-vis
the generic and customized criteria and indicats®g any of the listed computational
methods (preferably the simple weighted sum metliydjollowing the steps as described
below:

It is important to note here, that the scopingreise lends an advantage in narrowing
the decision range of scores, for a particularedon in the detailed assessment level. For
instance if low / medium / high scores are assigmed basis of a scale of 0-10, then a selection
of ‘medium’ score would scope the scores betweamd! 6. This allows a better sensitivity
analysis to be carried out.

2.4 Weighted sum method

As one of the simplest methodologies for assesaltegnatives, the weighted sum
technique has been widely and effectively usedanous applications.

The Weighted Sum Method is a quantitative metlood¢reening and ranking available
technology options against the recommended critdifas method provides a means of
guantifying and emphasising the important critemigzer the others. This methodology is
described in detail in subsequent sections, withvemt examples.

In situations where alternatives cannot be objebtiassessed with ease and need a
subjective or expert opinion based approach, wedystim technigue could pose some hurdles
in decision making. In such cases one can resathter and more complex techniques under
what is collectively known as ‘Multi Criteria Ded Making’ Approaches.

One such technique, the Analytical Hierarchy Psed@HP), is explained in the next
section.
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2.5 Analytic Hierarchy Process

Multi Criteria Decision Making (MCDM) is often aallenging process and different
techniques have been tried out till date.

While making decisions involving a variety of tablgi and intangible strategic goals,
managing conflicting stakeholders, or selectingrframong dozens of alternative technology
options, the Analytical Hierarchy Process (AHP) bafp managers and developers combine
all of this information and make informed decisions

One of the reasons for AHP’s popularity is thatdérives (presents) preference
information from (to) the decision-makers in a manthat they find easy to understand.

AHP is a systematic and structured procedure mgtcact and represent the elements of
a problem in a hierarchy format. The basic ratier@d|AHP is organized by breaking down of
the problem into smaller constituent parts at déife levels. Decision-makers are guided
through a series of pairwise comparison judgmentsveal the relative impact, or priority of
the elements g(g, criteria, alternatives) in the hierarchy. Thgasdgments in turn are
transformed to ratio-scale numbers representirgivel weights of the elements at a certain
level of the hierarchy, as well as globally.

The hierarchy in AHP is often constructed from tbp (goals from the management
standpointe.g.,environmentally-sound development), through intetiaie levels (criteria on
which subsequent levels deperalg, physical, chemical, biological, and socioecoromi
criteria) to the lowest level (usually a set ofeattatives, possible actions). AHP allows the
combination of group judgments by taking the gesimehean of single judgments.

One of the software applications that uses the A¢tlnique to carry out MCDM is
‘Expert Choice’ (available at httpaiivw.expertchoice.com)

Expert Choice provides an interface that guides gtakeholder group through the
process of:

= Structuring decision into objectives and alterresiv

= Measuring objectives and alternatives using pagevgomparisons

» Synthesizing objective and subjective inputs tovarat a prioritized list of alternatives thus
eliminating the need for complicated mathematiaalrherical calculations

» Incorporating sensitivity analysis and expert opirs to overcome subjectivity

» Reporting decisions with a documentation mechanism

» Allowing participatory assessment by stakeholders

2.6 Assigning weights against each criterion

While a basket of generic as well as sector sjpeSAT criteria has been proposed in
the new methodology, not all may be of equal imgnaee in the process of decision making.
Depending on the specific situation, conditions gmdrities some criteria become more
important than others for that particular case.ghtsid sum method captures such a scenario
by assigning weights to different criteria in acta@mce with their relative importance in the
given context.

Let us consider a simplified example of a solidstseamanagement project where
technology system options are being assessed adlansriteria such as costs (capital plus
operating and maintenance costs), space requirenegergy consumption (and hence
greenhouse gas or GHG emissions), and acceptancafdgted communities. Different
stakeholder groups may have different opinions tibiwi relative importance of each of the
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criteria. For the concerned government agency eeang the project, costs and space
requirement may be of prime importance, while nkealring communities may place
emphasis on the “acceptance” of the technologyesysEnvironment groups / NGOs may be
more concerned about aspects such as energy cotisarpd GHG/pollutant emissions. How
does one assign the weights to different criterisuich a case?

Firstly, the moderator can go round the table taytb build consensus for arrange the
set of criteria irorder of priority (rather than straight away assigning the weigl@sce the
relative importance of the criteria is establisihtéé, group can then move to assigning weights
for each criterion.

There is no standard formula for assigning weidgdtsriteria — rather, it is to be done
within a group setting with a participatory flavodihe group may decide weights on a scale of
0-10 or 0-100; there is no hard and fast rule comng this.

In such situations howevegroupthink can occur. For example, the eccentric views of
charismatic or even outspoken speakers can geeprdminence as the group seeks to make a
decision by consensus, thus leading to poor decisiaking. Techniques like the Delphi
Method can be applied in such situations to regmtoperly thought-through consensus among
stakeholdersBox B-1describes the Delphi method for consensus buildinigh may be used
in this exercise.

Box B-1: Delphi Method for Consensus Building

The Delphi Method works through a number of cyadégiscussion and argument,
managed by a facilitator who controls the procass, manages the flow and consolidation of
information. Following are the steps for consensuigling using Delphi:

1. Clearly define the problem to be solved (in ourec@ssign weights to the criteria)
2. Appoint a facilitator or chairperson with the sgithnd integrity needed to manage the
process properly and impatrtially (the rest of firigscess assumes you are this person)
3. Select a panel of stakeholder with the depth aeddih of knowledge, and proven good
judgment needed for effective analysis of the pFobl
4. Get individual panel members to brainstorm aboetgtoblem from their point of viey
and provide feedback to the facilitator, anonymgpusl|
Facilitator consolidates the individual responsesl resubmits these to the panel.
Now resubmit this summary information to the graupd get new responses. Some
individuals may change their mind and may decidgotavith the majority. In other cases,
those who are not with the group decision may gt®giome new information which may
influence the group decision in the next round.
7. This process continues until a consensus on atteesehas been reached. (For instance,
70% participants may agree that social acceptghdithe most important criteria and
should be assigned a weight of 7 on a scale of)0-10

<

oo

2.7 Preparing the weighted sum matrix for the selé¢ed options using the relevant criteria

Once the weights have been assigned for eachi@riéach available technology option
is to be rated against each criterion using a gsalg) of 0 to 10 (O for low and 10 for high).
Again, there is no golden rule in this regard.

In the criteria table provided fable B-2, the responses (scores) for tier 2 criteria are in
the form of the “High / Medium / Low”. It is esséaltto change this qualitative information to
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numbers. For this, the group may agree to someetinés such as for “low” assign a score
between 0-4, while for “medium” it could be betweki@ and 8-10 for “high”. This also has to
be decided through a group consensus.

Finally, the rating of each option for a particutaiterion is multiplied by the weight of
the criterion. An option's overall rating is thexs of the products of rating times the weight of
the criterion.

A matrix of criteria vis-a-vis available technojo@ptions using the weighted sum
method as described above can be prepared. A tenfptadeveloping such a matrix is shown
below inTable B-2

Table B-2 Template for computation using the weagrgum matrix method

Criteria Weight| Tech System A Tech System/B Tech 8ysle| Tech System [ Tech System|E
Score| Weight Score| Weightl Score| Weightl Score| Weightl Score| Weight
X X X X X
Score Score Score Score Score
Criteria 1 | W1 Al W1xA
1
Criteria 2 | W2 A2 W2xA
2
Criteria 3| W3 A3 W3xA
3
Criteria 4 | W4 A4 W4xXA
4

oA N BN

Acores can be assigned on the basis of a predksithde. Actual information on a
particular criterion could be qualitative or quéative and will have to be converted to a score
on the basis of the sale assumed.

Note: It is critical here to decide consistentaliggor definition for the scores. That is,
whether a higher or a lower score is better andta®e for qualification.

In most cases, the weighted sum method can prosatisfactory results. It is
recommended that Expert Choice be used for moreplkcaied and/or high value decisions.
Expertise in the use of the software is also agon@site, in addition to the licensing fees.
Section 4provides an illustration of the application of thew methodology, where a detailed
illustration of the weighted sum method is alsduded.

2.8 Detailed Assessment TiefTjer 3)

As an outcome of the scoping exercise, a numbe@oonffeasible or unqualified EST
options would be eliminated and the options with Iblest overall ratings are thus selected for
further detailed (tier 3) technical and economiasibility. This level of assessment is rather
situation-specific and the suggested criteria & #tage demand a lot more detailed and
guantitative information to facilitate decision niradk Using the information, the stakeholder
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group should once again prepare a new weightechsaimx or revise the existing one. In some
instances, it is possible that the rating of thehit®logy systems may change due to the new
scoring based on available information. As an aute®f this exercise, the group will get a
number of technology system options ranked in tigemoof their scores — or in other words
their performance vis-a-vis the principles of simhility.

2.9 Sensitivity analysis

In the process of developing the weighted sumimatrcan be seen that at times the
difference between the total scores for some optinay be very marginal. In other words, if
the group decides to change the weights or score®me of the criteria or technology options,
then the ranking of the technologies can changerdowly. During the group discussion
therefore, it is essential to try various iteratiors to check the sensitivity of the matrix to
such changes This can actually provide important insights ashiow different criteria
contribute in the final decision and thus helpgheup in making a rational and robust decision.

For conducting such sensitivity analysis, it isgible to develop a simple spreadsheet
model, and try out various weights and scores ¢ohgsv they influence the final scores and
thus, the decisions.

2.10 Star diagram for presentation of outcomes

Another limitation of weighted sum matrix is tlatthe end of the process, users get an
aggregated score for each technology option aisdnivt possible to see as to which were the
dominating criteria amongst all. To overcome susftuwation, it is recommended that the total
scores for each technology options may be repredarging a star diagram as shown below
(Figure B-1):

Figure B-2: Star diagram for the presentation dtomes

Criteria A

Criteria H
Criteria B

Criteria G .
Criteria C

Criteria F Sl b

Criteria E

Such a diagram can illustrate the influence oioter factors in the final scores. In some
cases, for instance, the total score earned bghamdtéogy system may be the highest, but this
could be due to the contribution of non-prioritjtera This will require revisiting the weights
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and scores to ensure that the total scores arecor@gance with the priorities defined by the
stakeholder groups, and thus lead to a more rdtamthacceptable decision.

The illustration of SAT methodology application &wlid waste management project in
Section 4also shows the preparation of star diagram fahallassessed technology options.

2.11. Anticipatory Scenario building

When a stakeholder group undertakes a system#it, & starts with a set of
technology systems based on the current situatiatysis. However, it may so happen that the
selected “best” technology system choice made wWighcurrent set of information may be
found to be inadequate or inappropriate in thertut@rhis may happen due to changes in the
situation, local requirements, legislations or etrenew developments on technology front.

It is therefore recommended that once the grogpcbanpleted one cycle of the SAT,
before making a final decision, the same methodolog used to simulate certain future
scenarios and ensure that the outcome of the d¢uesancise is robust enough and can the
suggested technology system can stand the testef t

2.12 Implementation / monitoring

Once the decision is made, it would then formidhsis for further steps such as detailed
engineering design, tendering, actual construciimh commissioning. It is also important to
monitor and evaluate the technology system durnsigperational phase to ensure that it is
meeting the desired objective vis-a-vis varioutedia considered during the SAT process.

2.13 Feedback loop

The outcomes of the monitoring and evaluation khbe reported to the stakeholder
group — especially government agencies, plannato#rer decision makers. Such important
information from implementation forms the basis fauational analysis for similar future
projects, and hence can help in making better iméat decisions.

3 Proposed criteria and indicators

The proposed criteria and indicators are tabulatetiable B-3 together with some
guidance notes. It must be emphasized here thaisthef criteria and indicators is rather
generic. It may or may not be necessary to usehallcriteria during each assessment.
Appropriate criteria can be selected by the ustasieholders as deemed most relevant to their
own scenarios and contexiBable B-4 list sector-specific SAT criteria for municipallisb
waste management in the same format.
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Table B-3 Proposed Generic Criteria and Indicai@t&n

Group
Heading

Criteria

Indicators

Guidance Notes / Verificatio
Requirements

Tier 1: Screening Criteria

Compliance

Compliance with Local

Environmental Laws

Yes / No

This is a very basi
requirement and rather

simple check. The proposg
technology system _ mu
ensure compliance with loc
as well as national legislatio
Supporting information  tq
make this decision can f
found with technology fag
sheets, expert opinions a
information from vendors an
expert opinion if necessary.

N
L

a
2d
5t
al

Compliance with  National

Environmental Laws

Yes / No

Compliance with Multilateral
Environmental  Agreements
(MEAS)

Yes / No / Not

Applicable

Check if proposed technolog
system results in violation d
MEAs. For instance, use

ozone depleting substanc
(ODS) can result in such
violation and hence must |
avoided. This needs to K
carefully scrutinized and it i
necessary to rely on expe
opinion for this, since this i
rather a specialized area.

Other
Requirement
S

Meeting the objectiveqeg. 3R,
Remediation, Rehabilitation
etc.)

Yes / No

In view of the outcome of th
strategic assessment, at tin
the  objective  of  the
technological interventiof
may not merely be lega
compliance, but could b
something more - sa
recycling, remediation etc. Iti
essential to ensure that t
proposed technology mee
this objective. Decision on th
criterion can be made usin
information such a
technology fact sheets, exp¢
opinions and information fron
vendors.

prt
h

Tier 2: Scoping Criteria

Technical
Suitability

Compatibility  with  local

Natural Conditions
(Geographical, Climate)

Low / Medium /

High /
Applicable

Not

For the optimal performang
of the technology, necessary
check the compatibility with
the local natural condition
(e.g. is the propose

D

to

[®NN V)]
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Group
Heading

Criteria

Indicators

Guidance Notes / Verificatio
Requirements

technology system suitable fpr

geographical or climatig
condition or not? Is it giving

=]

any secondary impacts such fas

groundwater contaminationp

Is it suitable for the
topography?. To make thig
decision, refer to technolog

fact sheets, expert opinions
and information from vendors.
Depending on the extent of

compatibility of the

technology systems, one can

rate them as Low Medium ¢
High.

Extent of local materials usage

Low / Medium

High /
Applicable

Not

In case of the technology

intervention, preferenc

should be given to the use pf
local material for both the cos
as well as social reasons.

Reference to vendd

information and technology
fact sheets, can help in making

such a decision. Depending on

the extent of local materia
used, it is possible to can rg
Low Medium or High.

Availability of local expertise

Low / Medium /

High/
Applicable

Not

It would be essential to hay

te

the necessary local expertise

for commissioning as well g
operation and management
the new technology systern
Depending on the expertis

requirement Vis-a-vis

availability, one can rate Loy
Medium or High accordingly|
Use vendor information an
technology  fact sheet

vis-a-vis available local

expertise to make the decisi
on this criterion.

Track record on performance

Low / Medium /

High /
available

Not

Before making a decisio
about any technology syste
option, it is essential to cheq
the track record of th
technology as well as vendd
Technology fact sheet
market intelligence, site visit
to similar installations ca

help in deciding on this aspe¢

>

<

d
5,
DN

m

S5 ="

—

Depending on the track recor
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Group
Heading

Criteria

Indicators

Guidance Notes / Verificatio
Requirements

=]

one can assign a rating of Lo
Medium or High accordingly.

=

Compatibility with existing
situation (technology,
Mmanagement systems)

Low / Medium /

High /
Applicable

Not

In some cases, it is qui
possible that the ne
technology system woul

build upon some existin
system. As such, it is essent
that the new system

compatible with the existin
infrastructure/technology

systems as well as tff
organization’s manageme
systems. It is possible to ma
this decision with the help d

expert opinions supplemente

by the technology fact sheg
and vendor
Depending on the level of th
compatibility with the existing
system, it is possible to assi
the rating of Low, Medium o
High for this criterion.

information.

e
v
ol
0
al
S
)

e
nt
Ke
f
od
ts

e

Jn
I

Adaptability to future

situations

Low / Medium /

High /
Applicable

Not

benefit from the technolog

In order to get the maximug

intervention, it is essential

check the flexibility or
adaptability of the technolog
system for the  futurg
scenarios. This may, fd
instance, include the scale-u
expansion  possibility o
technology  upgrade fq

improving efficiency in orde
to meet the changing neeq
Ratings can be assigned f
this criterion by referring tq
the technology fact sheets a
expert opinions. It may also j
essential to revisit situatio
analysis and undertake sof
simulation / scenario buildin
exercises to be able to deci
on this aspect. Depending
the adaptability with the futur
situations, can rate Lo
Medium or High.

Process Stability

Low / Medium /

High

The stability of the propose
technology systems during i
operation phase is a ve
important consideration to g
the desired results. Th

IS
ry
ot
e
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Group
Heading

Criteria

Indicators

Guidance Notes / Verificatio
Requirements

=]

technology system  must
perform in a stable manner |n
the various scenarios |/
situations during the operatign
phase such as shock loads,
sudden variations in process
parameters etc. For making
this decision, it is essential to
rely on expert opinions and

also by referring to the

technology fact sheets, past
similar case studies as well ps
vendor information. Based gn
the stability of the proposed
technology system under
different conditions, it i
possible to rate the systems|as
Low, Medium or High agains
this criterion.

—

Level of
Sophistication

Automation

/

Low / Medium /
High

Level of automation
sophistication for the proposed
technology system can be
assessed by referring to vendor
information, technology fag
sheets and expert opinior]
Accordingly, it is possible to
assign rating as Low, Medium
or High against this criterion.

n
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Group Criteria Indicators Guidance Notes / Verificatio
Heading Requirements

Environment,| Risk levels for workers Low / Medium /| Before making the decision an
Health and High the proposed technology

Safety Risks

system, it is essential to ass@ss
the potential environment
health and safety risks to the
workers, communities
beneficiaries as well as to the
environment / biodiversity,
Depending on the scale and
sensitivity of the propose
technological interventions, |t
may be essential to conduct a
full-fledged risk assessmept
exercise in some instances,
while in other cases, this
decision can simply be made
by expert opinion supported
by technology fact sheet
vendor information and expefrt
opinions. Based on
potential risk levels, one cgn
rate them as Low, Medium
High.

It is important to note th
higher scores should
assigned for lower risks, whil
assigning the scores for the
ratings during weighted su
matrix. This is different fron
many other criteria, wherg
high rating corresponds t
high scores.

O (D=

Risk levels for communities /
beneficiaries

Low / Medium /
High

Risk to the environment e.g. tg
biodiversity

Low / Medium /
High

Environment:
Resources
and
Emissions

Resource Usage
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Group
Heading

Criteria

Indicators

Guidance Notes / Verificatio
Requirements

=]

Space Requirement

Low / Medium
High / Not
Applicable

Various aspects related to
resource usage can be assessed
by referring to vendof
information, technology fag
sheets and expert opinior]
Accordingly, it is possible tg
assign rating as Low, Medium
or High against this criterion.

n

It is important to note that
higher scores should be
assigned for lower space
requirement, energy, water
and raw material consumptio
while assigning the scores for
the ratings during weighte
sum matrix. This is differen
from many other criteria
where high rating correspond
to high scores.

>

— L

n

Energy Consumption per unit

Low / Medium /

High / Not
Applicable
Extent of use of renewabld Low / Medium /
energy High / Not
Applicable
Extent of use of wastg Low / Medium /
materials as input High / Not
Applicable
Water Consumption Low / Medium /
High / Not
Applicable
Raw Material Consumption Low / Medium /
High / Not
Applicable
Resource Augmentation| Low / Medium / | The proposed technology
Capabilities High / Not | intervention may result in
Applicable remediation of
recovery/augmentation of

resources as a side effect
/additional benefit and must k
considered in the making tH
decision regarding th
technology system. For th
decision, one can rely ¢
expert opinions and also §
referring to the technology fa¢
sheets, past similar cage
studies as well as vendopr

< S0 Popoo
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Group
Heading

Criteria

Indicators

Guidance Notes / Verificatio
Requirements

=]

information. Accordingly, it ig
possible to rate the systems
Low, Medium or High agains
this criterion.

as

—

Emissions

Low /Medium /
High/ Not
Applicable

Various aspects related fo
emissions, odor, usage pf
hazardous materials can pe
assessed by referring to vendor
information, technology fag
sheets and expert opinior]
Accordingly, it is possible to
assign rating as Low, Medium
or High against this criterion.

n

It is important to note that
higher scores should be
assigned for lower emissionis
odour etc., while assigning the
scores for the ratings during
weighted sum matrix.

Odour

Low / Medium /
High

Extent of use of Hazardous
Materials

Low / Medium /
High

Economic
Financial
Aspects

/

Capital Investment

Low / Medium /
High

Various aspects related fo
costs and benefits can be
assessed primarily by referring
to vendor information
technology fact sheets and
sometimes expert opinions.
Accordingly, it is possible to
assign rating as Low, Medium
or High against this criterion.

It is important to note th

higher scores should be
assigned for lower costs (and
higher benefits) whil

assigning the scores for the
ratings during weighted su
matrix. This is different fron
many other criteria, wherg
high rating corresponds t
high scores.

O (b=

Operation and Maintenance
Costs

Low / Medium /
High
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Group
Heading

Criteria

Indicators

Guidance Notes / Verificatio
Requirements

=]

Benefits
reclaimed
biodiversity)

fertilizer,
enhanced

Energy,
land,

Low / Medium /
High / Not
Applicable

~

Social
Cultural
Aspects

Acceptability

Low / Medium /
High

Criterion related to social
aspects can be assessed
using information collated
through relevant
socio-economic survey,
census data etc. In addition| it
may be essential to refer to the
vendor information and expert
opinions. Accordingly, it ig
possible to assign rating
Low, Medium or High agains
these criteria.

by

AS

—

It is important to note th
higher scores should be
assigned for lower extent of
resettlement required whil

assigning the scores for the
ratings during weighted su
matrix. This is different fron
many other criteria, whers
high rating corresponds t
high scores.

O (b=

Extent of necessary
resettlement and rehabilitation
of people

Low / Medium /
High / Not
Applicable

Income Generation Potential

Low / Medium /
High

Tier 3: Detailed Assessment Criteria

Environment:
Resources
and
Emissions

Land/Space Requirement

Area of land
occupied by
installation  of
the technology
(including

surrounding
buffer margins)
vis-a-vis
availability

In this tier of assessment,
detailed information i9
collected for the listed criterip
for this level of assessment
using information collected
from vendors and technology
fact sheets.

It would be essential to resdrt
to expert opinion to study and
analyze the collected
information and accordingly
assign the ratings for each
criterion.

Energy Consumption
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Group Criteria Indicators Guidance Notes / Verificatio
Heading Requirements
Fuel Type of Fuel
Quantity per
unit  operating
hours or unit
output
Electricity Quantity per
unit  operating
hours or unit
output
Steam Quantity per
unit  operating
hours or unit
output
Raw Materials Consumption Quantity per
unit output or
production
Water Consumption Quantity per
unit output or
production
Emissions Quantity per
unit output or
production
Noise & Vibrations: Noise | Intensity in
levels near installation during | Decibels
operation
Economic /
Financial
Aspects
Capital Costs
O&M Costs
Benefits Energy, fertilizer, | Economic
reclaimed land, enhanced | returns
biodiversity, Carbon credits)
Economic Viability NPV, IRR, C/B
Ratio, Paybach
Period
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Table B-4 Proposed Sector Specific Criteria andchitdr System for Municipal Solid Waste

Management
Group Criteria Indicators Guidance Notes
Heading
Tier 1: Screening Criteria
Compliance
Compliance with | Yes/No This is a very basic requirement and rather a
local simple check. The proposed technolagy
environmental system musénsure compliance with local as
laws well as national legislation. Supporting
information to make this decision can be
found with technology fact sheets, explert
opinions and information from vendors and
expert opinion if necessary.
Compliance with | Yes/No
national
environmental
laws
Compliance with | Yes / No / Not| Check if proposed technology system resplts
Multilateral Applicable in violation of MEAs. For instance, use pf
Environmental ozone depleting substances (ODS) can result
Agreements in such a violation and hence must be avoided.
(MEAS) This needs to be carefully scrutinized and it is
necessary to rely on expert opinion for this,
since this is rather a specialized area.
Other Requirements
Meeting the | Yes/ No In view of the outcome of the strategic
objectives (e.g. 3R, assessment, at times the objective of |the
remediation, technological intervention may not merely be
rehabilitation etc.) legal compliance, but could be something
more - say recycling, remediation etc. It|is
essential to ensure that the proposed
technology meets this objective. Decision|on
this criterion can be made using information
such as technology fact sheets, expert

opinions and information from vendors.

Tier 2: Scoping Criteria

Technical Suitability
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Group
Heading

Criteria

Indicators

Guidance Notes

Availability of

local expertise

Low / Medium /
High/ Not
Applicable

It would be essential to have the necess
local expertise for commissioning as well
operation and management of the n
technology system. Depending on

expertise requirement vis-a-vis availabili
one can rate Low Medium or Hig
accordingly. Use vendor information a
technology fact sheets, vis-a-vis availa

ary
as
ew

the

LY,
h

nd
ble

local expertise to make the decision on this

criterion.

Track record on
performance

Low / Medium /
High / Not
available

Before making a decision about any

technology system option, it is essential
check the track record of the technology
well as vendor. Technology fact shee
market intelligence, site visits to simil
installations can help in deciding on th
aspect. Depending on the track record,
can assign a rating of Low, Medium or Hi
accordingly.

to
as
ts,
ar
is
pbne
yh

Compatibility with
existing  situation
(technology,
management
systems)

Low / Medium /
High / Not
Applicable

In some cases, it is quite possible that the
technology system would build upon so

new
ne

existing system. As such, it is essential that

the new system is compatible with t
existing infrastructure/technology systems
well as the organization’s managem
systems. It is possible to make this decis
with the help of expert opinions supplemen
by the technology fact sheets and ven
information. Depending on the level of t
compatibility with the existing system, it
possible to assign the rating of Low, Medi\
or High for this criterion.

he
as
BNt
ion
ted
dor
he
S
Im

Adaptability
future situations

to

Low / Medium /
High / Not
Applicable

In order to get the maximum benefit from t
technology intervention, it is essential

check the flexibility or adaptability of th
technology system for the future scenar
This may, for instance, include the scale-U
expansion possibility or technology upgrg
for improving efficiency in order to meet th
changing needs. Ratings can be assigne
this criterion by referring to the technolo
fact sheets and expert opinions. It may alsq
essential to revisit situation analysis g
undertake some simulation / scenario build
exercises to be able to decide on this asy
Depending on the adaptability with the futy
situations, can rate Low Medium or High.

he
to
e
0S.
p/
de
e
1 for
Jy
be
nd
ing
ect.
re

Process stability

Low / Medium /
High

The stability of the proposed technolo
systems during its operation phase is a \

gy
ery
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Group
Heading

Criteria

Indicators

Guidance Notes

important consideration to get the desi
results. The technology system must perfq
in a stable manner in the various scenari
situations during the operation phase suc
shock loads, sudden variations in proc
parameters etc. For making this decision,

essential to rely on expert opinions and 4
by referring to the technology fact sheets, q
similar case studies as well as ven
information. Based on the stability of ti
proposed technology system under differ
conditions, it is possible to rate the system
Low, Medium or High against this criterion

ed
m
s /
N as
ess
tis
1Iso
ast
Hor
e
ent
5 as

=

Level of
automation /
sophistication

Low / Medium /
High

Level of automation, sophistication for t
proposed technology system can be asse
by referring to vendor informatiorn
technology fact sheets and expert opinig
Accordingly, it is possible to assign rating
Low, Medium or High against this criterion

ne
ssed
ns.
as

Level of
pre-treatment

required

Low / Medium /
High

Level of pre-treatment needed for t
candidate technology systems can be assd
by referring to vendor informatiorn
technology fact sheets and expert opinig
Accordingly, it is possible to assign rating
Low, Medium or High against this criterion

ssed

ns.
as

Environm

ent, health and safety risks

Risk levels for

workers

Low / Medium /
High

Before making the decision on the propo
technology system, it is essential to assess
potential environmental, health and saf
risks to the workers, communities
beneficiaries as well as to the environme
biodiversity. Depending on the scale §
sensitivity of the proposed technologig
interventions, it may be essential to condu
full-fledged risk assessment exercise in sg
instances, while in other cases, this decig
can simply be made by expert opini
supported by technology fact sheets, ven
information and expert opinions. Based on
potential risk levels, one can rate them
Low, Medium or High.

It is important to note that higher scor
should be assigned for lower risks, wh
assigning the scores for the ratings duri
weighted sum matrix. This is different frg
many other criteria, where high ratin
corresponds to high scores.

sed
5 the
ety
/
nt /
nd
al
Ct a
me
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ile
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m
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Group Criteria Indicators Guidance Notes
Heading

Risk levels for| Low / Medium /

communities /| High

beneficiaries

Risk to the | Low / Medium /

environment e.g.| High

to biodiversity
Environment: resources and emissions

Space requirement

Low / Medium /
High / Not
Applicable

Various aspects related to resource usage
be assessed by referring to ven
information, technology fact sheets and exf
opinions. Accordingly, it is possible to assi
rating as Low, Medium or High against tH
criterion.

can
Hor
ert
gn

is

It is important to note that higher scores
should be assigned for lower space
requirement, energy, water and raw material
consumption while assigning the scores |for
the ratings during weighted sum matrix. This
is different from many other criteria, where
high rating corresponds to high scores.
Energy Low / Medium /
consumption per| High / Not
unit Applicable
Extent of use of| Low / Medium /
renewable energy | High / Not
Applicable
Extent of use of| Low / Medium /
waste materials ag High / Not
input Applicable
Water Low / Medium /
consumption High / Not
Applicable
Raw material [ Low / Medium /
consumption High / Not
Applicable
Resource Low / Medium / | The proposed technology intervention njay
augmentation High / Not | result in remediation or
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Group
Heading

Criteria

Indicators

Guidance Notes

capabilities

Applicable

recovery/augmentation of resources as a
effect /additional benefit and must

considered in the making the decisi
regarding the technology system. For t
decision, one can rely on expert opinions
also by referring to the technology fact she
past similar case studies as well as ver

information. Accordingly, it is possible to rate

the systems as Low, Medium or High agai
this criterion.

side
he
on
his
and
pts,
dor

nst

Emissions

Low /Medium /
High/ Not
Applicable

Various aspects related to emissions, o
usage of hazardous materials can be assg
by referring to vendor informatiorn
technology fact sheets and expert opinig
Accordingly, it is possible to assign rating
Low, Medium or High against this criterion

It is important to note that higher scor
should be assigned for lower emissions, od

Hor,
pssed
ns.
as

eS
our

etc., while assigning the scores for the ratings

during weighted sum matrix.

Odour

Low / Medium /
High

Extent of use of
hazardous
materials

Low / Medium /
High

Extent of pollutant
removal after
treatment

Low / Medium /
High

Various aspects related to pollutant remg
(e.g. removal of noxious gases by air pollut
control equipment, treatment of wastewg
through a wastewater treatment process, €
can be assessed by referring to ven
information, technology fact sheets and ex
opinions. Accordingly, it is possible to assi
rating as Low, Medium or High against tf
criterion.

val
on
ter
tc.),
dor
nert
gn
is

Economic / financial aspects
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Group
Heading

Criteria

Indicators

Guidance Notes

Capital investment

Low / Medium /
High

Various aspects related to costs and ben
can be assessed primarily by referring
vendor information, technology fact she
and sometimes expert opinions. According
it is possible to assign rating as Low, Medil
or High against this criterion.

It is important to note that higher scor
should be assigned for lower costs (3
higher benefits) while assigning the scores
the ratings during weighted sum matrix. T
is different from many other criteria, whe
high rating corresponds to high scores.

efits
to
bts
ly,
im

S
nd
for
Nis
re

Operation and
maintenance costs

Low / Medium /
High

Benefits  nergy,
fertilizer, reclaimed
land, enhanced
biodiversity)

Low / Medium /
High / Not
Applicable

Social / cultural aspects

Acceptability

Low / Medium /
High

Criterion related to social aspects can
assessed by using information colle
through relevant socio-economic surv
census data etc. In addition, it may
essential to refer to the vendor informat
and expert opinions. Accordingly, it

possible to assign rating as Low, Medium
High against these criteria.

It is important to note that higher scor
should be assigned for lower extent

be
ed

2Y,
be

or

bS
of

resettlement required while assigning the

scores for the ratings during weighted s
matrix. This is different from many oth
criteria, where high rating corresponds
high scores.

m
er
[o

Extent of
necessary
resettlement and
rehabilitation  of
people

Low / Medium /
High / Not
Applicable

Income generation
potential

Low / Medium /
High

Tier 3: Detailed assessment criteria
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Group
Heading

Criteria

Indicators

Guidance Notes

Environment: resources and emissions

on
Act

ert
ed

Land/space Area of land|’In this tier of assessment, detail
requirement occupied by| information is collected for the listed criteria
installation of the | for this level of assessment using informat
technology collected from vendors and technology f
(including sheets.
surrounding
buffer  margins)
vis-a-vis It would be essential to resort to exp
availability opinion to study and analyze the collec
information and accordingly assign t
ratings for each criterion.
Fuel Type of fuel
quantity per unit
operating hours or
unit output
Emissions Quantity per unit

output or

production

Economic / financial aspects

Capital costs

O&M costs

Benefits  Energy,
fertilizer, reclaimed
land, enhanced
biodiversity, carbon
credits)

Economic returns

Economic viability

NPV, IRR, C/E
ratio, payback
period
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5 An illustration of SAT Framework for identificahi of ESTSs

This section attempts to provide an illustratidrthee proposed methodology for the
assessment of ESTs, based on the discussion$ettimns 2 & 3of this document. Municipal
Solid Waste (MSW) management has been used ascter $or illustration.

It must be noted here that this is merely an ilhaston and that the results of the
same example may differ depending on the decisiangved at by the
stakeholder consultations groups.

A. Problem statement

Having geographical area of 4,000 sq. km. and ladipn of about 15 million, the City
of Inafix is one of the most important cities ofsAtia, a rapidly developing country.

About 3,700 ton/day biodegradable organic wastep® ton/day of soil, debris,
building material and 500 ton/day of recyclable avgste are generated. The sources of
generation of waste are households, shops & conaherstablishments, hotels, markets,
institutional wastes i.e., schools, offices, haapitetc., construction activity, street sweeping,
stables, silt removed from drain cleaning actigiti€he waste collected and transported from
6,000-0dd collection points is handled by the MS¥pBrtment of the Municipal Authority for
Inafix (MAI).

Being a relatively small city with this large agudation, MAI is finding it increasingly
difficult to dispose of its solid waste “efficiegtl The present practice of unsanitary open
dumping has been followed for a long time, withilnaiught for either environmental aspects or
public health. The plots of land being used forrogemping are almost full to capacity and the
paucity of land in this space-crunched city does mp. The residents of areas near the
dumping grounds have become increasingly wary®htwards posed by the practice of open
dumping, so much so that seeing their plight, estisl of locations earmarked for new dumping
grounds have strongly protested to their localiiesmg used for the purpose. Additionally, the
workers at MAI's MSW Department do not possess skils and scientific knowledge to
handle more “complicated” technologies to mitigdwe problem. To make matters even worse,
the processes of accelerated population growthrapidl urbanization will translate into a
growing volume of wastes being generated in tharéut

Recognizing the problems posed by this scenariddl N6 seeking a
cost-effective, relevant and socially acceptabléusion to the problem of the
city’s MSW treatment/processing-cum-disposal.

B. MSW characteristics

Out of 4000 MT solid waste generation per dayyctble dry waste constitutes
approximately 500 — 600 MT.able B-A is a compilation by MAI of the various charactéds
of waste generated in Inafix,

Table B-A Characteristics of the MSW generatechaik
Parameter %

Total wet organic material 57.5
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Parameter %
Total dry organic matter 15.05
Recyclable with heat value 18.68
Recyclable without heat value 0.93
Inert materials 11.26
Calorific value (K Cal/Kg) 951
C/N ratio 25
Moisture (%) 68.18
Materials suitable for composting 57.5
Materials suitable for RDF 89.05
Calorific value after removing inerts 1070
Calorific value after drying up to 15 % moistur{ 2012

C. Situation analysis

On summing up the problem statement, it can bie thed the situation at Inafix exhibits
the following aspectsT@able B-B):

Table B-B Situation Analysis (translating issue® itargets)

Issues Issues translated into targets

= MSW having a high organic | = Use of a technology system that
and moisture content, with works well with waste having
comparatively less potential for  these characteristics
recycle and recovery (i.e. in
terms of weight of waste
generated)
= Severe paucity of land space| = Use of a technology system that
does not require as much lang
space and/or pre-treats waste to
reduce its volume sufficiently
before the remainder can be
landfilled
= Serious negative environmentad Use of a technology system that
and public health issues due to is safe in terms of
unsanitary and unscientific containment/treatment of
disposal of MSW disposed wastes and any
generated residues over time
(e.g. leachate, odours, etc.)

= Strong NIMBY » Use of atechnology system that
(Not-in-my-backyard) addresses social and cultural
sentiments from residents near  concerns (including the above
existing/future dumping point as well)
grounds
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» Lack of skills and technical | = Use of atechnology system that

knowledge to operate is not so complicated that it
“complicated” technologies cannot be handled efficiently

» Rapidly growing population | = Use of a technology system that
leading to ever-increasing can be up-scaled easily and/ar

that can be easily duplicated at
other locations as and when the
need arises, and/or that is staple
handling increasing amounts pf
waste over time

amounts of waste in the futuré

1%

D. The approach

The proposed EST assessment methodology has lesgmned for application at the
individual technology level for a particular uniperation. However, it goes beyond and
recommends assessing thethnology systeinwhich comprises a number of individual
technologies. This is mainly due to:

» Various technology elements reacting differentlyewlpooled together in a system (e.g. in
terms of treatment efficiency, pre-treatment regmient, etc.) and,
= The circumstances of the particular problem thattbabe solved using the methodology
(e.g. paucity of land space, characteristics ofithste, scale of operation, etc.).
In keeping with this understanding, this illusivatattempts to recommend a particular
technology system out of a number of systems nygstogriate towards solving the problem
presented.

It must be noted here that some technologiesadreas the MSW issue completely and
may be considered as a “system”, while others negylio be combined with preparatory steps
in order to effectively address the issue. For, e@ss burn practice accepts refuse that has
undergone little or no pre-processing and hena€'tischnology system” in itself. On the other
hand, aerobic composting requires the waste tohgough a preparatory step involving
segregation of inorganic material at its sourcekeeit may be applied to the organic portion of
the waste.

The question that remains is — disposal of theeggged inorganic material. This
required an additional technology such as sanitargfilling or incineration.

E. Strategic level assessment or tier 1 assessment

In the fact sheets for MSW management, the tecgyol elements for
treatment/processing-cum-disposal of MSW have laassified roughly into thermal and
non-thermal. Referring to these fact sheets, tHeviong technology elements may be
considered fostrategic level assessment

Centralized technology elements| Decentralized technology
elements

= Mass burn = Manual landfilling

» Modular (incineration) » Vermicomposting

= Fluidized bed incineration
= Refuse derived Fuel (RDF)
» Pyrolysis

82



ESTs for the Implementation of ISWMP Maseru/Lescthdersion 1.0

Centralized technology elements| Decentralized technology
elements

» Gasification

= Sanitary landfill

» Aerobic composting

= Anaerobic digestion /
biomethanation

F. Centralized versus decentralized systems

The decision whether to prefer centralized or deeézed options for sanitation is a
strategic one. The Strategic Assessment StakehGlderp is aware that like many developing
cities, Inafix has a mix of well-heeled urban argagldle-upper income residents) as well as
less economically well-off slum areas (estimateccamprise between 45-60% of the total
population of the city).

Middle / upper income residents’ lifestyle and smmption patterns tend to follow
those of the developed world. In these areas, ththads and equipment for collection,
transport and disposal used may resemble thodeondustrialized countries — i.e. the use of
centralized systems makes sense.

However, a decentralized MSW management systemedsssary for Inafix to better
respond to the needs of residents located in sllihesproposed system recognizes the fact that
low-income and middle / upper-income neighbourhodds/e different physical and
socioeconomic conditions, and that the waste gésebraends to be also dissimilar.
Consequently, their needs diverge, and a decergthBystem uses a different approach for
MSW management for low-income neighbourhoods.

Keeping this in mind, the Strategic Assessmerkedtalder Group has decided to retain
technology elements of both centralized and deakréd systems at this stage of the
assessment. It has further identified the followasgappropriate technology systems given the
facts of the situation analysis:

» Mass burn

» Modular incineration

» Fluidized bed incineratidn

» RDF

= Sanitary landfilling combined with aerobic (windrozomposting

! pyrolysis and gasification are considered as sunrise tlegfie® requiring a fair amount of sophistication in
operation, and were thus eliminated from consideration bytaketsolder group.

2 Being a developing country, people tend to re-use andlesoyaterials to a great extent. Thus, the rate of
removal of recyclables is very high — an essential egetisite for fluidized bed incineration. Hence, this
technology element may be used as a standalone for considéndte next stage of technology assessment.

% sanitary landfilling has not been considered as a stamel&chnology element since the requirement for land is
high for this technology element, something which Inafix capnotide.

* In-vessel composting also requires costly equipment Eudrieal power. Large-scale composting projects in
Africa and Asia were too expensive and inappropriate to t& tmnditions. As a result, some facilities closed,
others were scaled down, and many operate below their plaapadities. The windrow composting method is
likely to be more appropriate to the conditions prevaledeveloping countries. This method uses solar energy to
decompose organic wastes and employs unskilled labour, thus gredtsn The windrow method also requires
lower construction costs than in-vessel composting. Finsdlgyenging activities can facilitate the process and
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» Sanitary landfilling combined with biomethanation
» Manual landfilling combined with vermicompostinge(@entralized option)

G. Operational level assessment or tier 2 assessrhen

Once the macro-level or strategic level optiorsfenalized, the EST assessment moves
on to more operational level where engineers, tieahstaff etc. take over to assess available
technology systems.

Table B-C shows the criteria foifier 1 (screening) applied to these technology
systems.

It can be seen that modular incineration has bejented as a technology systéimble
B-D shows the criteria fofier 2 (scoping)applied to the remaining technology systems, using
the weighted sum method. The information given hie fact sheets, information from
technology vendors and expert opinions would beduse arrive at the ratings.

improve the resulting compost by removing the inorganic naser{Source Globalization, Development, and
Municipal Solid Waste Management in Third World Cifresn www.gdnet.org/pdf/2002AwardsMedalsWinners/
OutstandingResearchDevelopment/martin_medina_martinez .jpdiper
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Table B-C Tier 1 (screening) criteria applied teritfied technology systems

Criteria Mass burn Modular Fluidized bed| RDF Sanitary Sanitary Manual
incineration incineration landfilling landfilling with [ landfilling with
with aerobic | biomethanation | vermicomposting
(windrow)
composting
Compliance  with  local Yes Yes Yes Yes Yes’ Yed® Yes”

environmental laws

Compliance with nationa| Yes Yes Yes Yes Yes’ Yed? Yes”
environmental laws

Compliance with MEAs Yes Yes Yes Yes Yes Yes Yes
Safe to use? Yes* NoO’ Yes* Yes* Yes* Yes* Yes*
Provides savings ohYesh Yes” Yes” Yesh Yes Yes Yes
resources?

®_ Organic fraction of waste to be segregated béémfilling
* - Safe to use with the right pollution contratdntainment equipment in place.
N - In the sense that these are waste-to-energyE(\8ystems, although their conversion efficiency mat be high.

® There have been widespread concerns over thestemsy and adequacy of air pollution controls.
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Table B-D Tier 2 (scoping) criteria applied to trology systems retained from Table C (using theyiteld sum method)

Criteria Weight Mass burn Fluidized bed | RDF Sanitary Sanitary Manual
incineration landfilling with | landfilling with | landfilling with
aerobic biomethanation | vermicompostin
(windrow) g
composting

Score | Weight | Score | Weight | Score | Weight | Score | Weight | Score | Weight | Score | Weight
*score *score *score *score *score *score

Suitability of waste| 10 4 40 4 40 3 30 10 100 10 100 |10 100
characteristics fo
technology
application
Past experience 10 0 0 0 0 0 0 8.5 85 7.5 75 10 100
(under similar
conditions}
Land requirements| 10 7 70 7 70 7 70 4 40 5 50 | 3 30
(Overall) pollutant| 10 7 70 9 90 7 70 8 80 9 90 8 80
removal efficiency

® The higher the assigned rating, the more favoartis technology option for that particular crivexi Other criteria unique to the sector (i.e. @ above generic criteria) have also
be considered.

" For incineration technologies such as mass bubi, &d fluidized bed incineration, it is envisagjeat additional fuel may be needed to sustain catitny, thus raising the cost of
an already expensive technology.

8 Source - Globalization, Development, and Municipal Solid WéasManagement in Third World Citiesrom www.gdnet.org/pdf/2002AwardsMedalsWinners/
OutstandingResearchDevelopment/martin_medina_neartpaper.pdf)
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Criteria Weight Mass burn Fluidized bed| RDF Sanitary Sanitary Manual
incineration landfilling with | landfilling with | landfilling with
aerobic biomethanation | vermicompostin
(windrow) g
composting
Score | Weight | Score | Weight | Score | Weight | Score | Weight | Score | Weight | Score | Weight
*score *score *score *score *score *score
Acceptability  (to| 10 3 30 3 30 3 30 9 90 10 100 |7 70
the public)
Income generation 7 0 0 3 21 3 21 4 28 4 28 7 49
potential
TOTAL 210 251 221 423 443 429
& weight *
assigned score)
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Table B-E shows the rankings given to the various technokygpfems options based
on the results froritable D.

Table B-E Ranking the technology systems from tesnlTable D

Rank number Score Technology system

6 210 Mass burn

5 221 RDF

4 251 Fluidized bed incineration

3 423 Sanitary landfilling with aerobic

(windrow) composting

2 429 Manual landfilling with
vermicomposting

1 443 Sanitary landfilling with
biomethanation

G. Detailed assessment or tier 3 assessment

Of these, the first three ranked technology systé&haded cells ifiable B-E) can be
short-listed and taken for further assessment uwiagriteria inTier 3 (detailed assessment
criteria). Table B-F shows the calculations for the technology systeassessments, once
again using the weighted sum method.
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Table B-F Application of Tier 3 criteria to shoisted technology systems (using the weighted suthao®

Criteria Weight Sanitary Sanitary Manual
landfilling with | landfilling with | landfilling  with
aerobic biomethanation | vermicomposting
composting
Score | Weigh | Score | Weigh | Score Weight

t*score t*score *score

Process stability 9 7.5 67..5 6.5 58..49 81

Level of automation / sophistication 10 7.5 75 75|75 10 100

Estimated useful life 10 7 70 8 80 | 6.5 65

Fuel consumption 7 7 49 7 49 |7 49

Electricity consumption 7 3 21 5 35 |7 49

Savings in energy 8 4 32 6 48 | 8 64

Capital investment 10 6 60 7.5 75 |9 90

Operation and maintenance costs 10 6.5 65 7 70 9 90

Financial incentives (e.g. rebates fror@ 0 0 8 64 0 0

government}

Pay back period 8 7 56 6 48 5 40

° The higher the assigned rating, the more favoartis technology option for that particular crivexi Other criteria unique to the sector (i.e. @t above generic criteria) have also

be considered.

% The government of Inafix provides a rebate forteaeatment-cum-disposal technologies that cam @&dit for reducing GHG emissions.

™ Includes consideration of costs for backend pialtutontrol technologies
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Criteria Weight Sanitary Sanitary Manual
landfilling with | landfilling with | landfilling  with
aerobic biomethanation | vermicomposting
composting
Score | Weigh | Score | Weigh | Score Weight

t*score t*score *score

NPV /IRR 8 4.5 36 6 48 4 32

Secondary contaminant generatfon 9 7 63 7 63 8 72

Require PPE for staff? 7 5 35 5 35 6 42

Level of safety risk for workers and communitfes| 7 3 21 3 21 6 42

Noise levels near installation during operation 7 5 135 5 35 6 42

Odour levels near installation during operation 7 5 135 4 28 5 35

Person-power requirements 5 3 15 4 2011 15

Technical knowledge requirementd0 7 70 7 70 10 100

(qualifications/special knowledge needed)

2 Assuming that the sanitary landfill generatedigasptured and put to use, that contaminantst{&eay from the manual landfill will be containediahat the closure of the manual
landfill will be scientific (along the same lines that for sanitary landfills).

13 Stands for “personal protective equipment”
 Pertaining to fire in this case.
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Criteria Weight Sanitary Sanitary Manual
landfilling with | landfilling with | landfilling  with
aerobic biomethanation | vermicomposting
composting
Score | Weigh | Score | Weigh | Score Weight
t*score t*score *score
TOTAL 805.5 922.5 1008

(2 weight * assigned rating)
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Table B-F shows the rankings given to the short-listed tetdgyosystems options based on the
results fromrable B-E.

Of these, the technology system option “manual fahicg with vermicomposting”

has been found to be the most appropriate optiontlod three, followed by
“sanitary landfilling with biomethanation” and “sanary landfilling with aerobic

composting” respectively.

The star diagram shown kigure B-C provides an idea of the dominating criteria at this
stage of the assessment.

Figure B-C Star Diagram at Tier 3 Level of Assessnme'°

Technical Process stability
kn_uwledge N I o, LEWEl OF AUtOmMation
FPerson-power FEQUIMEMENTS e T
refurements e L e Estimated useful life
: FENRN 7 A . Fuel consumption
Noise levels ./ R . e . b
Safety risk for -' 05 .5, 922 5, - |
WOrkers and : 1008 i Electricity consumption
communities : ! ; ;
PPE requirement kY _ 95 ¥ savings in energy
for staff - h : o & i
) - ' Capital investrment
— -~ 75
Secondary contaminant . SR e
gereration /e T 00
NPY / IRR Payback period _Financial incentlves T EGEND.

— Sanitary landfilling with agrobic composting
Sanitary landfilling with biomethanation

Manual landfilling with vermicomposting

As per the proposed EST assessment methodolagpettt steps would be:

= Detailed engineering design and costing

= Implementation

= Monitoring and performance evaluation

» |ssues to be addressed / problems to be solved

'3 plotting is approximate; i.e. not to scale.



