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Municipal solid waste continues to be a challenge for municipal authorities, and finding best practices
and appropriate solutions for its management is of great interest to municipal officers. Municipal
organic waste, also called biowaste, constitutes the main fraction of municipal solid waste in
low- and middle-income settings. Often, more than 50% of all municipal solid waste is organic
and easily biodegradable. lllegal and uncontrolled disposal of solid waste that contains a high
percentage of biowaste leads to the generation of methane (a potent greenhouse gas), as well as
landfill leachate, that may pollute groundwater and surface water. Finally, biowaste, if managed
inappropriately, attracts animals and disease vectors and, thus, puts human health at risk.

Whereas in the past, the priority of waste management was the collection and removal of waste
with subsequent disposal, the importance of resource recovery and recycling is attracting more
attention and priority. Along with this increasing paradigm change focusing on resource recovery,
new approaches for the management of biowaste with respective treatment technologies are
becoming more popular. We developed the SOWATT manual: Selecting @rganic Waste Treatment
Technologies to help structure and assist in the process of comparing and selecting the most
promising biowaste treatment options for a given case study.

The underlying concept is that biowaste has a value and that recycling biowaste can
contribute to the economic and environmental sustainability of solid waste management.

As a reader of this manual, you have probably recognized the potential of biowaste treatment, but
still face the challenge of what to do about it. You might have witnessed that biowaste is often
not recycled and past experience shows that many biowaste treatment initiatives have failed.
Composting facilities for instance — the most well-known approach of biowaste processing —
have often been abandoned shortly after implementation. Why can these not be sustained for
longer periods of time?

Regardless of what treatment technology is applied to manage organic waste, durability and
sustainability rely on various key factors and contextual conditions. In this manual, we distinguish
the following different factors that influence the feasibility of an organic waste treatment approach:

1. Technical feasibility: includes the land area required to implement the technology, the skills
and capacity necessary to build and operate it and the waste feedstock quantity and quality the
technology can treat.

2. Economic feasibility: comprises the capital and operational costs of the treatment facility,
as well as the revenue streams possible from sales of the products derived from waste by the
specific treatment technology.

3. Social impact: considers aspects, such as job creation, as well as health threats that a technology
may pose to the workers and the communities living or working nearby.

Careful evaluation of each organic waste treatment against the factors mentioned above can
help improve the making of informed decisions on what type of treatment technology to select.
Unfortunately, this seldom happens.

Selecting Organic Waste Treatment Technologies
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WHY IS SELECTING A BIOWASTE TECHNOLOGY COMPLEX?

Many factors need to be considered in order to ensure the long-lasting success of any biowaste
treatment initiative. Since many biowaste treatment technologies exist, it is crucial to first evaluate
the influencing factors with regard to the different alternatives available and only then - based on
the assessment - make a decision on what approach to pursue.

Unfortunately, in the past, the factors influencing success have mostly been neglected in decision
making. Decisions were rather made based on successful sales promotion by vendors or a fallback
on the most well-known technology, such as composting. But, before taking such a decision,
questions should be posed and answered satisfactorily. A default choice for composting should
be questioned, for instance, by asking:

- What is the objective of a composting facility?

- Why is composting better than any other choice to reach this objective?
- What will be done with the compost produced?

- Is there a need to compost in the area (e.g. for soil amendment)?

- Is there a demand for compost?

As a decision maker or a technical expert preparing the necessary information for decision makers,
you will notice that the deeper you get involved in the decision problem, the more challenging it
becomes and the more it requires an analysis of trade-offs.

THE NEED FOR A STRUCTURED DECISION APPROACH

Waste management related decisions are complex and require the consideration of many influencing
factors and alternative solutions. Tackling this needs attention and careful deliberation. A structured
approach for evaluation and to support the decision-making process helps in this complex task.

This manual will help to structure and guide you through the specific task of selecting a
biowaste treatment technology for a given case study.

Decision analysis science, with its tools and methods, provides a structure and a course of action
to maximise the benefits from a decision. The basic assumption of decision analysis is that a
complex decision problem can be solved more effectively by dividing it into several components.
This manual follows a multi-criteria decision analysis approach (MCDA) called “Multi Attribute
Value Theory (MAVT)"”. MAVT is a way to structure and solve decision and planning problems
that involve multiple decision criteria. Typically, there is not one unique, optimal solution for such
a problem context and it is, therefore, necessary to apply preferences to differentiate between
potential solutions.

This manual does not cover everything there is to know about decision-making. For those interested in
learning more about this, we recommend the book entitled Rational Decision Making (Eisenfiihr
et al, 2010) and Structured Decision Making. A Practical Guide to Environmental Management
Choices (Gregory et al., 2012). This manual introduces the key principles, which include understanding
the decision problem, introducing the objective hierarchy and corresponding attributes, presenting
the alternatives, elicitation of preferences by stakeholders, as well as analysing, illustrating and
interpreting the results.
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WHO ARE POTENTIAL USERS OF THIS MANUAL?

This manual is for individuals or organisations, such as:

e | ocal authorities wanting to invest in, implement or operate a biowaste treatment
facility.

e Entrepreneurs and private investors intending to set up a biowaste treatment facility
as a business venture or social enterprise.

e Non-Governmental Organizations (NGOs) and civil society organizations wanting to
make an improvement in the solid waste sector.

e Donor agencies deciding to help plan, support and fund biowaste treatment projects.

This manual tries to avoid complicated calculations, software or complex statistics. Nevertheless,
some basic mathematical operations are required. We further suggest specific data that needs
to be collected and analysed for the specific local context of the decision problem. Methods of
data collection are explained and simple calculations can be conducted with any conventional
spreadsheet software (e.g. Excel) or a calculator.

WHO MUST BE INVOLVED WHEN USING THIS MANUAL?

There are three main stakeholders involved in the process of this manual:

1) The person conducting the assessment (ideally the person reading this manual and
referred to as “You" from now on),

2) Local experts who understand and know about the local context. They will provide the
information to estimate the performance of the technologies (i.e. availability of several
resources, such as water, energy and labour, or costs of different materials, etc.) (Step 5),
3) Relevant stakeholders whose preferences will be elicited (Step 6).

Ideally, the experts and relevant stakeholders should not be the same. However, sometimes
it will be unavoidable to involve the same person in both roles.

HOW DOES THIS MANUAL HELP?

e |t provides in-depth information on six different biowaste treatment technologies;

¢ |t broadens the reader’s knowledge of the existing waste situation in the selected
case study;

¢ |t broadens the reader’s knowledge of different biowaste treatment options;

¢ |t guides the reader in comparing different potential biowaste treatment technologies
for a specific city or neighbourhood;

e |t highlights the main weaknesses and strengths of each potential technology for a
given context;

e |t helps identify the key technical, social, economic and environmental parameters that
influence the feasibility and performance of different biowaste treatment technologies;
e |t suggests ways to communicate the results in a comprehensive and visual manner

Selecting Organic Waste Treatment Technologies
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However, this manual has some limitations. As it is not written for a specific country or context,
it elaborates on the aspects of biowaste management from a more general and global perspective
so that the knowledge can be applied in a variety of settings. Such generalisation requires
simplification and general assumptions. Some general data provided in this manual may not be
precise enough or applicable to the specific case study. We consider the lack of precision an
acceptable trade-off with regard to the broad applicability of the manual. We welcome feedback
and suggestions from readers and users for an eventual specific adaptation of this manual to a
local context.

\We would again like to point out that this manual does not decide for you which biowaste technology
shall be implemented. Rather, it helps prepare the grounds for informed decision making by
providing essential information and suggesting what other information needs to be collected for
specific case contexts.

STRUCTURE

The manual is structured in two parts:

PART 1: Introduces the issues of biowaste treatment while defining the concept of biowaste and
its treatment options.

PART 2: Presents the stepwise approach to support the selection of a biowaste treatment option.
This part consists of nine Steps.

Step 1: What is your problem?- Framing the problem

Step 2: Who should you involve? — Stakeholder analysis

Step 3: Which technologies should you consider? — Identifying alternatives

Step 4: How do you choose among different technologies?- Objectives and attributes
Step 5: How do the technologies perform for each objective?- Performance estimation
Step 6: What is the relative importance between objectives?-

Workshops to elicit preferences

Step 7: What is the final score of each technology? - Data analysis

Step 8: Displaying and interpreting results

Step 9: Final discussion

Throughout the second part, besides introducing the required methodologies to tackle every

Step, we illustrate the Steps by providing a real-case-study based example — the City of San Fernando
(CSF), Philippines. Annex 1 presents a description of the CSF case study in detail.

6 Selecting Organic Waste TreatmentTechnologies
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WHAT IS BIOWASTE?

Before reading further, let’s briefly reflect on the following questions:

¢ \What is biowaste?
e \Why is biowaste treatment important?
e \What kinds of technologies exist to treat biowaste?

The term biowaste refers to the Organic Fraction of Municipal Solid Waste (OFMSW). It differs
from the terms “organic waste” and “biodegradable waste”, which are often confused as the
same.

¢ Biodegradable waste refers to all sorts of organic wastes: Biodegradable waste refers
to all sorts of organic wastes

Definition: “biodegradable waste is any waste that is capable of undergoing anaerobic or
aerobic decomposition, such as food, garden waste, agricultural waste, animal waste,
paper and paperboard.”

¢ Biowaste refers to a subset of biodegradable waste

Definition: “biowaste comprises only biodegradable garden and park waste, food and
kitchen waste from households, restaurants, caterers and retail premises and comparable
waste from food processing plants”

Figure 2 depicts potential sources of biodegradable waste and biowaste.

BIODEGRADABLE WASTE

Garden and park

Mixed municipal waste* Market
N Household
Municipal S Restaurants,
n
waste eptic tank siudge canteens, bars

SRy BIOWASTE

Wood pulp, paper and

Commercial/ cardboard production and
Industrial waste processing

Aquaculture

Cultivation Horticulture

culture and Agriculture
breeding waste

Forestry

Fishing and Hunting

hunting waste

*Also contains non-biodegradable fractions

Figure 2: Potential sources of biodegradable waste and biowaste
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WHY IS BIOWASTE TREATMENT IMPORTANT?

Biowaste naturally degrades through biological activity. This may happen aerobically (with oxygen)
or anaerobically (without oxygen). Large amounts of biowaste, degrading in an uncontrolled manner,
may generate harmful environmental and health impacts (Table 1). These impacts relate to greenhouse
gas emissions and global warming; pollution of soil, water and air; the spread of disease vectors
and negative economic impacts.

Biowaste Mgmt

Table 1: Potential impacts of unmanaged biowaste

Element Negative impact

Contamination of soil through
leachate

Consequence

Deterioration of public and environmental
health

Devaluation of the fields

Economic costs

Contamination of groundwater

Deterioration of public and environmental

through leachate health

Need for water treatment downstream | Economic costs

Release of greenhouse gases

o et Global warming

Bad smell Deterioration of comfort and public health

Promoting/attracting disease carrying

: Deteriorati f lic health
vectors (flies, rodents, etc.) sitzoeiion e gLl fssl

Visual pollution Tourism

Furthermore, the wet and high density nature of biowaste (Table 2), affects not only the choice of
collection and transport systems, but also the choice of treatment technology. The good news is
that there are relatively low-cost treatment methods to treat and transform biowaste into a natural
resource. These methods can also produce products from biowaste that have a value for users of
this product and, therefore, offer a more sustainable course of action than the “business-as-usual”
approach of open dumping and unsanitary landfilling.

Table 2: Density and wet content per waste type (Chandrappa et al., 2012)

Type Density [kg/m?] Water content[%]
Food waste 120 - 480 50 - 80
Garden trimmings 60-225 30-80
Wood 156 - 900 15-40
Paper 30-130 4-10
Plastic 30- 156 1-4

EXAMPLES OF BIOWASTE TREATMENT TECHNOLOGIES

Each treatment technology generates different products of value. This manual covers six potential
technologies:

1) Windrow composting

2) In-vessel composting (and Bin-composting)

3) Vermicomposting

4) Anaerobic digestion
5) Slow pyrolysis
6) Black Soldier Fly processing

Selecting Organic Waste Treatment Technologies
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WINDROW COMPOSTING

Composting is a microbiological process through which organic materials are transformed into
a stable, dark brown, soil-like material called compost. This process occurs by way of microbial
activity under aerobic conditions (i.e. in the presence of oxygen).

Biowaste Mgmt

Biodegradable waste is piled up in long heaps (windrows). During the process of material
degradation, temperatures as high as 70°C can be reached in the centre of the piles. This high
temperature contributes to the hygienisation of the piles by partially eliminating pathogens and
weed seeds.

Controlling the process implies that the predominant parameters, such as organic material
composition (carbon-nitrogen ratio), particle size, free air space, aeration, temperature, moisture,
and pH, are managed, steered and adjusted to achieve fast degradation and good compost quality.
When conditions are not optimal, the process may be slowed or may not happen at all.

We distinguish two alternatives:
1) Small scale or self-use windrow composting plants, which tend to be manually operated
2) Medium to large scale commercial windrow composting plants, which tend to include

more equipment and mechanisation.

Table 3: Technical considerations and suitable biowaste for windrow composting

Lifetime installation': 15-30 years

Processing time?: 3-6 months

Mass reduction: 35-40%

Labour (n° of operators): 1 -2 (<1 ton/day) or 1 —2.5 (> 1 ton/day)

Operating >0°C (big piles) or >15°C (small piles)
temperatures:

Surface needs: 180 — 300 m? per 1 ton/day
Water needs: 5-100 L/ton

Energy needs?: 30 - 55 kWh/ton or none (manual)

Technical consideration

Depends on construction materials; 2Depends on operation; 3If Commercial scale, energy
needs will depend on machinery used and the demands for electrical installation
(see r equipment list).

Range of acceptable Moisture: Coarse: 70-75%; Fine: 55 - 65%
Range of acceptable C:N: 20-50
BN pH 55-75
17
©
3
.-g Examples - suitable: Examples - unsuitable:
9 - Garden trimmings - Big chunks of woody materials, coconut
% -Vegetable waste shells
- - Fruit waste - Feedstock with high salt content or other
3 - Fish or meat waste plant damaging pollutants
- Animal manure - Feedstocks with high oil or fat content

Selecting Organic Waste Treatment Technologies 11



Table 4 shows the materials needed in alphabetical order for a small-scale plant (self-use) and a
medium/large scale plant (commercial use), as well as the final products and suggested literature
for this technology. The essential operating equipment is shown in bold and italics.

Table 4: Equipment, products and references for windrow composting

Small scale (self-use) Medium / big scale (commercial)

e Aeration frame

® Bags

* Bucket/Water hose

e Cover material (plastic sheets,
fibres, etc.)

¢ Knife/machete

® Protection equipment

(gloves, face mask, etc.)

e Record keeping material (monitoring
sheets, pens, folders, etc.)

e Scale

e Shovel/Fork

® Sieve

e Thermometer

e Aerator (ventilator)

e Bagging machine + Spare parts
e Bags

¢ Bucket/Water hose

e Cover material/Roofing

e Flooring

(concrete, with leachate collection)
e Generator + Spare parts

e Office construction (office furniture,
toilets, showers, etc.)

e Pump (leachate recirculation)

e Protection equipment

(gloves, face mask, etc.)

° Record keeping material

e Wheel barrow / Bucket (monitoring sheets, pens, folders, etc.)
e Scale

o Shredder + spare parts

o Skid loader or Compost turner/
Shovel or Fork

* Sieve

e Thermometer

o Wheel barrow/Small truck

(+ Spare parts)

The main output product from composting is compost: a
stable dark-brown, soil-like material with a crumbly texture,
dark colour and earthy smell. It can be used as a soil
amendment and its quality depends on the feedstock and
quality control during the process. Its use depends on the
quality of the final products and legislation.

Besides compost, other output products emitted during
the composting process are leachate, water vapour and
carbon dioxide.

Figure 4

n Cooperband (2002); Rothenberger et al. (2006); Lohri et al. (2017)
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IN-VESSEL COMPOSTING (AND BIN COMPOSTING)

In-vessel composting is the same process described above in composting; however, instead
of windrows, it uses rotating vessels that are turned manually or mechanically. This technology
accelerates the composting process since it allows for improved aeration.

Biowaste Mgmt

We distinguish between two alternatives:

1) Small scale or self-use in-vessel composting plants, which tend to be manually operated.
If the vessels are not rotary, this approach is also referred to as “bin composting” (Figure
5 right).

Figure 5: Small scale In-vessel composting drums (left) and Bin composting in India (right)

2) Medium to large scale commercial plants, which tend to include more equipment and
mechanisation (Figure 5). The mechanised option of this technology allows for steering
and adjusting process parameters, such as aeration, temperature and moisture content,
achieving a faster degradation process.

Table 5: Technical consideration and suitable biowaste for in-vessel composting

Lifetime installation’: 15-30 years

Processing time?: 2 — 3 months

Mass reduction: 35-50%

Labour (n° of operators): 1 (<1 ton/day) or 1 —2 (> 1 ton/day)

Operating - Non-heated: >0°C (big vessels) or >15°C (small vessels)
temperatures: - Heated: non-influential

Surface needs: 85 m? per 1 ton/day
Water needs: 5-60 L/ton
Energy needs®: 165 - 190 kWh/ton or none (manual)
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1 Depends on maintenance; 2 Depends on operation; 2 If Commercial scale, energy needs
will depend on machinery used and the demands for electrical installation (see r equipment
list).
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Coarse: 70-75%; Fine: 55 - 65%
Range of acceptable C:N: 20-50
pH 55-75

Range of acceptable Moisture:

Examples - suitable:

Examples - unsuitable:

- Garden trimmings
-Vegetable waste

- Fruit waste

- Fish or meat waste
- Animal manure

- Big chunks of woody materials, coconut
shells

- Feedstock with high salt content or other
plant damaging pollutants

- Feedstocks with high oil or fat content

Suitable biowaste

Table 6 shows the materials needed in alphabetical order for a small-scale plant (self-use) and a
medium/large scale plant (commercial use), as well as the final products and suggested literature
for this technology. The essential equipment for a plant to operate is shown in bold and italics.

Table 6: Equipment, products and references for in-vessel composting

Small scale (self-use)

e Bags

¢ Bucket/Water hose

¢ Knife/machete

e Protection equipment
(gloves, face mask, etc.)

e Record keeping material
(monitoring sheets, pens, folders, etc.)
e Scale

e Shovel/Fork

e Sieve

e Thermometer

e Vessel container

e Wheel barrow/Bucket

Medium / big scale (commercial)

e Bagging machine + Spare parts

e Bags

e Bucket/Water hose

e Flooring (levelling)

e Generator + Spare parts

e Office construction

(office furniture, toilets, showers, etc.)

e Protection equipment

(gloves, face mask, etc.)

° Record keeping material
(monitoring sheets, pens, folders, etc.)
e Scale

o Skid loader/Shovel or Fork

o Shredder + Spare parts

e Sieve

e Thermometer

o Vessel container

(with turning engine + Spare parts)
o Wheel barrow/Small truck

(+ Spare parts)

The main output product from in-vessel composting is also compost (see Table 4).

Cooperband (2002); Rothenberger et al. (2006); TNA (2012); Lohri et al. (2017)
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VERMICOMPOSTING

Vermicomposting is defined as the aerobic degradation and stabilisation of organic material
by microorganisms and earthworms under controlled conditions. Microbial communities help
degrade organic matter through a first step of aerobic degradation. Then, a high density of earth-

worms feed on the waste and generates earthworm castings, also called vermicompost.

The earthworms promote microbial activity by producing microbial-active material (vermicompost)
with improved nutritional quality than compost. Eisenia fetida is the most frequently used species

of worms.

The complete life cycle of E. fetida is around 70 days, and they double their weight every 60 — 90
days. The worms are mature after approximately 50 days, and start to produce cocoons after 55
days (i.e. 4-5 days after mating). The incubation period of the cocoons is approximately 23 days.

Normal densities of worm population range between 2.5 - 5 kg worms/m?2.

Table 7: Technical considerations and suitable biowaste for vermicomposting

temperatures:

Lifetime installation™: 15-30 years

Processing time: 1.5 -2.5 months

Mass reduction: 40-80%

Labour (n° of operators): 1 -2 (<1 ton/day) or 1 -2 (> 1 ton/day)
Operating Min: 15°C, Opt: 20 — 25°C , Max: 35°C

Surface needs: 300 - 580 m2 per 1 ton/day
Water needs: 5-40 L/ton

Energy needsz: 30 - 55 kWh/ton or none (manual)

Technical consideration

1 Depends on construction materials; 2 If Commercial scale, energy needs will depend on
machinery used and the demands for electrical installation (see equipment list).

Range of acceptable Moisture:
Range of acceptable C:N:
pH

70 -90%
10-25
Acceptable: 4.5 -9, Optimum: 7.5 -8

Examples - suitable:

- Vegetable waste
- Fruit waste

- Animal manure
- OFMSW

Suitable biowaste

Examples - unsuitable:

- Big chunks of woody materials, coconut
shells

- Fish or meat waste

- Dairy products

- Grease and oils

- Salty and vinegary foods

'C:N: Carbon Nitrogen ratio

Selecting Organic Waste TreatmentTechnologies 17
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Table 8 shows the material needed in alphabetical order for a small scale plant (self-use) and a
medium/large scale plant (commercial use), as well as the final products and suggested literature
for this technology. The essential equipment for a plant to operate is shown in bold and italics.

Table 8: Equipment, products and references for vermicomposting

Small scale (self-use)

e Ant traps

e Bags

¢ Bedding material

e Bucket/\ater hose

e Containers/worm bed
({concrete, plastic, etc.)

e Cover material

(plastic sheets, fibres, etc.)
¢ Knife/machete

e Protection equipment

(gloves, face mask, etc.)

e Record keeping material
(monitoring sheets, pens, folders, etc.)
e Scale

e Shovel/Fork

e Sieve

e Wheel barrow/Bucket

e Worms

Medium / big scale (commercial)

e Ant traps

e Bagging machine + Spare parts
e Bags

e Bedding material

¢ Bucket/water hose

e Cover material

(plastic sheets, fibres, etc.)
¢ Flooring and bed structure
(concrete, bricks, etc.)

e Generator

e [ ight

e Office construction

(office furniture, toilets, showers, etc.)
e Protection equipment

(gloves, face mask, etc.)

° Record keeping material
(monitoring sheets, pens, folders, etc.)
e Roofing

e Scale

o Skid loader/Shovel or Fork
e Shredder

o Sieve

e Table

o Wheel barrow/Small truck
(+ Spare parts)

o Worms

The main products resulting from vermicomposting are
vermicompost, leachate (worm tea) and the worms. The
vermicompost is a stable, dark-brown, granular, soil-like
material. The grinding effect in the gut of the earthworms
leads to the formation of these granules, which is a typical
feature of vermicompost, and research has shown that it
has higher levels of nutrients than compost.

Leachate from the worm bins can also be used as a liquid
fertiliser, which is typically used in small-scale systems.
The earthworms are rich in protein (65%) and contain all
essential amino acids required for animal feed. They are
considered a good pro-biotic feed or are used as an additive
for fish or poultry feed.

Figure 8

n Munroe (2007); Ali et al. (2015); Lohri et al. (2017)
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ANAEROBIC DIGESTION

Anaerobic digestion is a microbiological process through which organic materials are biochemically
decomposed while generating a fuel gas (biogas) and nutrient-rich digestate. This process occurs
as a result of microbial activity under anaerobic conditions (i.e. in absence of oxygen). It is common
to many natural environments, such as swamps or the stomachs of ruminants. The three main
types of digesters considered in this manual are: the fixed-dome digester, the floating-drum
digester and the tubular digester (see Figure 9). Detailed descriptions of each are provided in the
coming pages. Table 9 shows the characteristics shared by the three digester types.

Figure 9: Different anaerobic digesters. A fixed dome digester under construction; a floating dome
digester and a balloon digester, from right to left.

Table 9: Technical considerations and suitable biowaste for anaerobic digestion

Lifetime installation Fixed-dome: 15 - 20

(years): Floating-dome: 3 — 5 (humid climate), 8 — 12 (dry climate)
Tubular: 2 -5

Processing time2: 10 - 40 days

Mass reductions: 0 -20% (if water in digestate is considered)

Labour (n° of operators): 1 (<1 ton/day) or 1 -2 (> 1 ton/day)

c
(=]
=
©
i
3
8 Operating Min: 15°C, Opt: 25 - 30°C, Max: 40°C
g temperatures:
3 Surface needs: 100 — 530 m2 per 1 ton/day
[
S-B Water needs: 1'000 L/ton (if initial MC__ . .: 80%)
g 7'000 L/ton (if initial MC,__ . :20%)
2
Energy needs* : 30 - 55 kWh/ton or none (manual)

1Depends on construction materials; 2 Depends on operation; 3 VS reduction rates range
between 50 — 95% depending on feedstock. 4 If Commercial scale, energy needs will depend
on machinery used and the demands for electrical installation (see equipment list).
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Range of acceptable Moisture: 80-95%
Range of acceptable C:N: 16 - 25
pH 6.7-75

Examples - suitable:

Examples - unsuitable:

-Vegetable waste

- Fruit waste

- Fish or meat waste
- Animal manure

- Garden trimmings

- Big chunks of woody materials, coconut
shells

- Feedstocks with high salt content

Suitable biowaste

Table 10 shows the materials needed in alphabetical order for a small-scale plant (self-use) and a
medium/large scale plant (commercial use), as well as the final products and suggested literature
for this technology. The essential equipment for a plant to operate is shown in bold and italics,

Table 10: Equipment, products and references for anaerobic digestion

Small scale (self-use) Medium / big scale (commercial)

¢ Buckets (for water or waste
transport)

e End gas use with valve (stove)
e Gas pipes/Tubes

¢ Knife/machete

e Protection equipment

(gloves, face mask, etc.)

e Record keeping material

(monitoring sheets, pens, folders, etc.)
° Repair kit

e Scale

e U-bend

e Unblocking device (feeding)
(Stick)

o Water trap

¢ Bucket/Water hose

e Effluent treatment

¢ End gas use (gas generator or stoves)
e Flooring (levelling)

® Flow meter

e Gas pipes/Tubes

e Manometer

e Office construction

(office furniture, toilets, showers, etc.)
® pH meter

e Protection equipment

(gloves, face mask, etc.)

° Reactor (different types)

° Record keeping material
(monitoring sheets, pens, folders, etc.)

° Repair kit

e Scale

e Skid loader/Shovel or Fork

e Shredder + spare parts

¢ Unblocking device (feeding) (Stick)
o Valves

o Water trap

e Wheel barrow/Bucket

Materials for digester types (both small, medium and big scale)

¢ Fixed-dome digester: Construction material (concrete, bricks, etc.)
¢ Floating-drum digester: Reactor (different off-the-shelf types)
e Tubular digester: Tubular digester and components

The main products of anaerobic digestion (AD) are biogas and digestate. The biogas is a
combustible gas fuel formed through the conversion of organic carbon in the feedstock into its
most reduced form (CH,) and its most oxidized state (CO,). Apart from CH, (65-60%) and CO,
(35-40%), biogas also contains several other gaseous “impurities”, such as hydrogen sulphide,
nitrogen, oxygen and hydrogen. The energy value of biogas derives from the contained methane
and shows typical lower heating values (LHV) for biogas of 21-24 MJ/m? or around 6 kWh/m3
Table 11 shows the biogas yield of several different substrates.

Directly burning biogas in stoves is the easiest way of taking advantage of biogas energy.
Alternatively, biogas can be used in lamps or converted to electricity in gas generators.

The produced slurry (digestate) is rich in nitrogen and can be utilised in agriculture as a nutrient
fertilizer and/or organic amendment.

Vogeli et al. (2014); Lohri et al. (2017)
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Table 11: Biogas and methane production (adapted from Gonzéalez-Miranda et al. (2016))

E
s
Biogas (NL/kg VS) CH, in biogas (%) CH, (NL/kg VS) *2
Waste fruits 728 59 401 H
Waste vegetables 579 60 345 .
Unsorted
) 503 61 298
organics
Animal leftovers 484 63 312
Waste bread 571 BY) 291
Fallen leaves 283 61 178
Fresh garden
692 60 409
waste
Waste paper 762 60 446
OFMSW 601 60 348

VS: Volatile Solids; NL: normal litter (v as at normal conditions).

The AD process happens in closed, gastight digesters. Digesters range in complexity from simple
cylindrical vessels with no moving parts to fully automated industrial facilities. Biogas systems
can be classified according to critical operating parameters and elements of digester design.
The main distinguishing features are: total solids content (wet/dry systems), feeding mode
(continuous/batch), operating temperatures (mesophilic/thermophilic) and number of stages.
Figure 10 shows some of the existing digester types.

Operating

< Add of BIOWASTE
parameters

Solids contents DRY WET
/
Feeding mode CONTINUOUS BATCH CONTINUOUS BATCH
AN
Temperature MESOPHILIC THERMOPHILIC MESOPHILIC
A\ //\
N<Stages ONE-STAGE MULTI-STAGE ONE-STAGE MULTI-STAGE
Biogas L FLOATING DRUM

Technologies GARAJE TYPE FIXED DOME
(digester types) BALOON TYPE

Figure 10: Biogas digester types considered for low- and middle-income settings presented in
this manual (in black)

This manual does not cover all design options, but rather focuses on those that are considered
appropriate for low- and middle-income settings and for a biowaste feedstock. The three main
types of digesters considered are: the fixed-dome digester, the floating-drum digester and the tubular
digester, all of which are wet digestion systems operated in continuous mode under mesophilic
conditions (Vogeli et al., 2014).
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FIXED DOME DIGESTER

Figure 12: Scheme of fixed-dome digester

A fixed-dome plant is comprised of a closed dome shape digester with an immovable, rigid
gas-holder, a feed stock inlet and a displacement pit, also named the compensation tank. The
gas produced in the digester is stored in the upper part of the reactor. With a closed outlet gas
valve, increasing gas production elevates the gas pressure inside the digester, thereby pushing
the digestate into the compensation tank. WWhen the gas valve is open for gas utilisation, the
gas pressure drops and a proportional amount of slurry flows back from the compensation
tank into the digester. Typically, such a plant is constructed underground, protecting the digester
from low temperatures at night and during cold seasons.

Description

Fixed dome plants are only recommended for situations where experienced biogas technicians
with specific technical skills in construction are available to ensure a gas tight construction.

° Advantajes Disadvantages
o
? e Relative low construction costs e Certain specific technical skills are
' e | ong life span if well-constructed required to ensure a gas-tight construction
g e Absence of moving parts or corroding e Fluctuating gas pressure depending
'g metal parts on volume of stored gas
0 ¢ Underground construction saves e Special sealant is required for the
(a] space and protects the digester from inside plastering of the gasholder (e.g.
(] temperature fluctuation bee wax — engine oil mixture, acrylic
g e Provides opportunities for skilled local emulsion)
'S employment e Gas leaks may occur when not
t constructed by experienced masons
g e Difficult to construct in bedrock
5] e Difficult to repair once constructed as
< . .
the reactor is located under soil
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FLOATING-DRUM DIGESTER

flexible
gasholder drum

— gas pipe

guide pole

Figure 14: Underground floating-drum digester for market waste in India (left) and above ground
floating-drum digester for households in India, made of fiberglass reinforced plastic (right)

overflow
—

outlet

Injet

ﬂ:i:—h Gas pipe

inlet

Description

1-50 m3.

A floating-drum biogas plant consists of a cylindrical digester and a movable, floating gasholder
(drum). The digester is generally constructed underground, whereas the floating gasholder is
above ground (see Figure 13 left and Figure 14 left). Smaller household-scale systems may
also be fully above ground (see Figure 13 right and Figure 14 right).

The gas produced collects in the gas drum, which rises or falls again, depending on the
amount of gas produced and used. The drum level provides a useful visual indicator of the
guantity of gas available. The gas is provided at a relatively constant pressure, which depends
on the weight of the drum. To increase gas pressure, additional weights can be added on top
of the gasholder. The gasholder floats either directly on the fermenting slurry or in a specifically
constructed separate water jacket that reduces methane leakage as shown in Figure 13. The
design size of floating-drum plants is flexible, with digester sizes typically ranging between

Advantajes
e Simple and easy operation

visible
e Constant gas pressure

® The volume of stored gas is directly

Advantajes &
Disadvantages

e Relatively easy construction
e Construction errors do not lead to ma-
jor problems in operation and gas yield

Disadvantages

e High material costs for steel drum

e Susceptibility of steel parts to
corrosion (because of this, floating-drum
plants have a shorter life span than
fixed-dome plants)

e Regular maintenance costs for the
painting of the drum (if made of steel)
e |f fibrous substrates are used,

the gasholder shows a tendency to get
“stuck” in the scum layer (if gasholder
floats on slurry)

Selecting Organic Waste TreatmentTechnologies 23

Biowaste Mgmt



TUBULAR DIGESTER

rﬁ: = gas pipe

inlet gas outlet

layer of about 70 mm
of compacted backfill

Figure 15: Tubular digester in Costa Rica (left) and scheme of balloon digester (right)

A tubular biogas plant consists of a sausage shaped, heat-sealed, weather resistant plastic
or rubber bag (balloon) that serves as digester and gas holder in one. The gas is stored in the
upper part of the balloon. The inlet and outlet are attached directly to the balloon. As a result
of the shape, no short-circuiting occurs, but since tubular digesters typically have no stirring
device, active mixing is limited and digestate flows through the reactor in a plug-flow manner.
Placing weights on the balloon while taking care not to damage it can increase gas pressure.

The benefit of these digesters is that they can be constructed at low cost by standardised
prefabrication. Additionally, they are suitable for use in areas with a high groundwater table.
However, the plastic balloon is quite fragile and susceptible to mechanical damage and has
a relatively short life span of two to five years. To avoid damage to, and deterioration of the
balloon, it is important to protect the bag from direct solar radiation with a roof. Additionally,
a wire-mesh fence will help to protect against damage by animals.

Description

Advantajes & Disadvantages

Advantajes

® | ow construction cost

e Ease of transportation

e Easy to construct

e High digester temperatures in warm
climates

e Uncomplicated emptying and
maintenance

e Shallow installation depth suitable for
use in areas with a high groundwater
table or hard bedrock

Disadvantages

® Relative short lifespan

e Susceptible to mechanical damage
® Material usually not available locally
e | ow gas pressure requires extra
weights

e Scum cannot be removed from
digester

e | ocal craftsmen are rarely in a
position to repair a damaged balloon
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BLACK SOLDIER FLY (BSF) PROCESSING

Black soldier fly (BSF) processing is an emerging technology in organic waste treatment. It involves
the use of the larvae of the Black Soldier Fly (BSF), Hermetia illucens, to biologically transform
the biowaste into insect larvae biomass and a treated organic waste residue. Larvae consist of
+35% protein and £30% crude fat. This insect protein is a potential feed resource for chicken
and fish farmers.

Biowaste Mgmt

The BSF larvae feed on biowaste and develop until the stage of pupation, and are harvested before
pupation. Under controlled conditions (28 °C, 75% relative humidity), the total development from
egg to adult lasts 20-35 days. As a fly, they survive for one week, during which they focus on
reproducing. As a fly, they do not eat and, therefore, also do not transmit diseases.

Waste reduction of up to 80% (on a wet weight basis) has been demonstrated. The residue,
a substance similar to compost, contains nutrients and organic matter. Furthermore, a high
waste-to-biomass conversion rate of up to 25% (on wet weight basis) is possible. There is no
need for sophisticated high-end technology to operate such a facility and it is, therefore, suitable
for low- and middle-income settings.

Table 12: Technical considerations and suitable biowaste for BSF

Lifetime installation™: 10 years
Processing time: 14 days (lifecycle of the larvae)
Mass reduction: 50 -80%

Labour (n° of operators): 3 (<1 ton/day)
e 1 — 2 operators per additional ton/day
e | additional worker every 5 tons

c

=)

=

[

-

)

2

I Operating 15 - 47°C, Optimal: 28 - 32°C

8 temperatures:

T Surface needs: 50 m2 for nursery and 100 m? per 1 ton/day for waste

g treatment area

. Water needs: 200 L/ton (if initial MC,__.....: 70%)

ﬁ 2'200 L/ton (if initial MC___ .. ..: 20%)
Energy needs2: 90 - 105 kWh/ton or none (manual)

1 Depends on construction materials; 2 If Commercial scale, energy needs will depend on
machinery used and the demands for electrical installation (see r equipment list).

Range of acceptable Moisture: 70 - 80%
g Range of acceptable C:N: Non influential
‘;" pH 45-8.9
2
2
2 Examples - suitable: Examples - unsuitable:
-]
8 -Vegetable waste - Big chunks of woody materials, coconut
'S - Fruit waste shells
(7/]

- Fish or meat waste
- Animal manure
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Figure 16



Table 13 shows the materials needed in alphabetical order for a small scale plant (self-use) and a
medium/large scale plant (commercial use), as well as the final products and suggested literature
for this technology. The essential equipment for a plant to operate is shown in bold and italics.

Table 13: Equipment, products and references for BSF

Small scale (self-use) Medium / big scale (commercial)
o Ant traps e Ant trap e Oviposition
® Bags e Bagging machine + material
® Bedding material Spare parts e Pallet trolley
e Containers with e Bags e Pallets
lids ¢ Bedding material e Protection
¢ Knife/machete ° Buckets equipment (gloves, face
e Larvae e Containers mask, etc.)
e Oviposition e Cotton cloth ¢ Record keeping
material (cardboard) e Flooring material (monitoring
e Protection (concrete, with sheets, pens, folders,
equipment (gloves, face leachate collection) etc.)
mask, etc.) e Fridge ¢ Roofing (closed
© Record keeping material e Gas stove room)
(monitoring sheets, e Generator + e Scale
pens, folders, etc.) Spare parts o Skid loader/Shovel
e Scale e High pressure water or Fork
e Shovel/Fork e Hose e Shredder + Spare
o Wheel barrow/ e Larvae parts
Bucket o Light e Sieve
® Metal frames/bars e Stick
e Nets (love and e Tweezers
dark cage) e Washing machine
e Office construction facility
(office furniture, toilets, e Wheel barrow/
showers) Bucket /small truck
(+spare parts)

The main products resulting from the BSF technology are
the larvae and the residue. The harvested prepupae contain
40% protein and 30% fat. The grown larvae can be used
as a (partial) replacement for fish meal in animal feed as defatted
insect meal contains a similar protein and amino-acid profile
to fishmeal. Other possible products to be explored are
the production of biodiesel from larvae or the use of the
chitin and the oil.

The residue, on the other hand, still contains valuable nutrients
and might be used as a soil amendment. However, due to
the short processing time, the residue needs to undergo
a maturation phase in order to prevent oxygen depletion
in the soil which inhibits seed germination or suppresses
root and plant growth. Figure 17

ﬂ Diener et al. (2011) ; Dortmans (2015) ; Lohri et al. (2017) ; Dortmans et al. (2017)
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SLOW PYROLYSIS

L it

Figure 18: Continuous slow pyrolysis system, Vietnam (photo: Okozentrum, Sofies) — (left) and
ARTI style drum (photo: Dan Sweeney) (right)

The thermochemical process called slow pyrolysis or carbonisation entails the decomposition
of organic material at high temperatures (300-600°C) in the absence of oxygen. This process
lasts from hours to days and results in the production of solid (char), liquid (bio-oil) and gaseous
products.

It is generally accepted that the process parameters that most influence product distribution are
temperature, heating rate, residence time, and reactor pressure. Particle size, shape and physical
properties (ash content, density, moisture content, etc.), and the chemical composition of the
biomass, which is composed of three main polymers (i.e. cellulose, hemicelluloses and lignin),
also play an important role (Lohri et al. 2016). In small reactors, the process is endothermic and
requires an external heating source. This energy can be supplied by combusting part of the material
in the reactor (autothermal systems) or from the outside (indirect heating). Reactors are also classified
depending on whether they recirculate and combust the pyrolysis gases internally (retort kilns) or
not (non-retort kilns).
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Table 14: Technical considerations and suitable biowaste for slow pyrolysis

Lifetime installation: 10 years

Processing time2: Hours to days

Mass reduction3: 65-75%

Labour (n° of operators): 3-5 (<1 ton/day), more installations when > 1 ton/day

Operating >0°C, the warmer, the better
temperatures:

Surface needs: 30 - 50 m? per 1 ton/day
Water needs: 5L /ton
Energy needs* : 300 - 900 kWh/ton

1 Depends on construction materials; 2 Depends on operation; 3The maximum treatment
capacity of the slow pyrolysis technologies studied ranged between 240 and 550 kg of
feedstock per day; 4If Commercial scale, energy needs will depend on machinery used
and the demands for electrical installation (see r equipment list).

Technical consideration

Range of acceptable Moisture: 10-15%
Range of acceptable C:N: Non influential
% pH Non influential
©
g
2 Examples - suitable: Examples - unsuitable:
2 - Dry, unmixed, homogeneous, - Vegetable waste
'% uncontaminated substrate, preferably with - Fruit waste
> . .
= high carbon and low ash content. - Animal manure
(7] For example: - Fish & meat waste

- Woody or fibrous materials
- Cardboard and paper

Table 15 shows the materials needed in a small scale plant (self-use) and a medium/large scale
plant (commercial use), as well as the final products and suggested literature. The essential
equipment for a plant to operate is shown in bold and italics. The rest is additional equipment.

Table 15: Equipment, products and references for slow pyrolysis

Small scale (self-use) Medium / big scale (commercial)
e Bags e Bagging machine
¢ Building material for furnace, ° Bags
reactor and chimney: bricks, ¢ Building material for furnace,
cement, metal sheets, metal bars reactor and chimney: bricks, cement,
¢ Burners (depends on model) metal sheets, metal bars
¢ Fuel (depending on technology) e Burners (depends on model)
¢ Knife/machete ¢ Fuel (depending on technology)
e Oil barrels e Generator
e Protection equipment e Lambda sensor
(heat-gloves, face mask, etc.) e Office construction
e Record keeping material (office furniture, toilets, showers, etc.)
(monitoring sheets, pens, folders, etc.) e Oil barrels
e Scale e Pulveriser
e Shovel/Fork e Protection equipment
e Thermocouples (heat-gloves, face mask, etc.)
e Wheel barrow/metal bucket e Record keeping material
(monitoring sheets, pens, folders, etc.)
e Scale
e Skid loader / Shovel or Fork
e Shredder + Spare parts
e Thermocouples
e Wheel barrow/metal bucket
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The relative amounts of the main products of pyrolysis, char (the black, solid residue), bio-oil
(the brown vapour condensate), and syngas (the non-condensable vapour), depend on several
factors including the heating rate, peak temperature and residence time. Approximate
percentages are 35% char, 30% bio-oil and 35% syngas.

The char can be briquetted and used as fuel, or used as a soil amendment in combination
with nutrient rich materials (e.g. urea, compost, manure, etc.). The energy content of chardust
is around 22-29 MJ/kg (lower than wood charcoal: 31-33 MJ/kg).

The major composition of bio-oils are organic acids, esters, alcohols, ketones, phenols,
aldehydes, alkenes, furfurals, sugars and some inorganic. They have significant heating
values (13-18 MJ/kg), and they can be converted into valuable chemicals, fuels, and distillates
for use in engines and turbines for power generation.

The syngas or pyrolysis gas, contains carbon dioxide, carbon monoxide, methane, hydrogen,
ethane, ethylene, minor amounts of higher gaseous organics and water vapour. The typical
low heating values of the pyrolytic gases range between 10 and 20 MJ/Nm?®. This gas is
combustible and can be used to supply additional heat to the process.

Pfyffer (2016); Lohri et al. (2017)

Figure 20: Char briquettes (top), wood based charcoal (bottom-left), char dust (bottom-right)
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Technical aspects

Suitable Biowaste

Accept. moisture
Accept. C:N
pH

Examples

End Products &

Use

Windrow Composting

In-Vessel (and Bin)
Composting

Vermicomposting

- Microbiological process through which
organic materials are degraded and
stabilised into compost.

- This process occurs as a result of
microbial activity under aerobic conditions
(with oxygen).

- Biodegradable waste is piled up in long
heaps (windrows) where the material is
degraded.

- Heaps need to be turned in order to
improve porosity and supply oxygen

- Microbiological process through which
organic materials are degraded and
stabilised into compost in rotating
vessels.

-This process occurs as a result
of microbial activity under aerobic
conditions (with oxygen).

- Organic waste is introduced into
rotating vessels, in which conditions
(e.g. HR, Temp., etc.) can be kept
stable. This accelerates the composting
process.

- Biological process through
which organic materials are
degraded and stabilised by the
interaction of microorganisms
and earthworms under aerobic
conditions (with oxygen) into
vermicompost.

- Surface worms are suitable for
this technology, such as Eisenia
fetida and Lumbricus rubellus.

- The complete life cycle of E.
fetida lasts 70 days.

15 - 30 years 15 - 30 years 15 - 30 years
3- 6 months 2 — 3 month 1.5 - 2.5 months
35-40% 35-50% 40 - 80%

-1 -2 (<1 ton/day)
-1-2.5 (> 1 ton/day)

-1 (<1 ton/day)
-1-2(> 1 ton/day)

-1 -2 (<1 ton/day)
-1-2 (> 1 ton/day)

- Min: >0°C (big piles)
- Min: >15°C (small piles)

- Min.: >0°C (big vessels) or >15°C
(small vessels) (non-heated vessels)
- Min: non-influential (heated vessels)

- Min: 15°C
- Optimal: 20 - 25°C
- Max: 35°C

180 - 300 m?2 per ton/day

85 m?2 per ton/day

300 — 580 m?2 per ton/day

5-100 L/ton

5-60 L/ton

5 —40 L/ton

30 — 55 kWh/ton or none (manual)

165 — 190 kWh/ton or none (manual)

30 — 55 kWh/ton or none
(manual)

Coarse: 70 — 75%; Fine: 565 - 65%
20-50
55-75H

Coarse: 70-75%; Fine: 55 — 65%
20-50
5b5-75H

70 -90%

15-25
Acceptable 4.5 -9,
Optimum: 75 -8

- Garden trimming

- Vegetable waste

- Fruit waste

- Fish or meat waste
- Animal manure

- Garden trimming

- Vegetable waste

- Fruit waste

- Fish or meat waste
- Animal manure

- Vegetable waste
- Fruit waste

- Animal manure
- OFMSW

- Compost is a stable, dark brown, soil
like material that improves soil structure
and increases the nutrients availability in
the soil.

- Besides compost, other outputs produced
are leachate, water vapour and CO,.

- Compost is a stable, dark brown,
soil like material that improves soil
structure and increases the nutrient
availability in the soil.

- Besides compost, other outputs
produced are leachate, water vapour
and CO,.

- Vermicompost is a stable,
dark-brown, granular, soil-like
material that has shown to have
higher levels of nutrients than
compost.

- Leachate (worm-tea) from the
worm bins can also be used as
fertiliser

- The worms are rich in protein
and can be used as animal feed.




Anaerobic digestion

Black soldier fly (BSF)
processing

Slow pyrolysis

- Microbiological process through which
organic materials are decomposed while
generating a fuel gas (biogas) and nutrient
-rich digestate.

-This process occurs as a result of microbial
activity under anaerobic conditions (without
oxygen) in airproof reactors called digesters.
- 3 types of digesters considered in the
manual. All are one-stage, wet, continuous
and mesophilic

- Biological process using larvae of BSF
to transform organic waste into insect fat
and protein.

- Result of larvae of BSF actions under
aerobic condition (with oxygen).

- The BSF feed on the biowaste and develop
through 6 larval instars. They are harvested
in their last larval stage when they crawl
out of the moist feed source in search for
a dry pupation site.

- Thermochemical process which
transforms organic materials into
char, liquid and gas.

- Result of heating (300-600°C) under
anaerobic conditions (without O,).
proportion
end-products depends on the

- Relative between
characteristics of the waste, pyrolyser
design and operating parameters
rate, final

(heating temperature,

residence time, etc.).

2 — 20 years (depending type of digester)?

10 years

10 years

10 - 40 days

14 days (lifecycle of the larvae)

Hours to days

0 -20% (depends if water is considered)

-50-80%
- Waste to biomass conversion 25%

65-75%

-1 (<1 ton/day)
-1-2 (> 1 ton/day)

3 (<1 ton/day) and:
- 1 — 2 workers per additional ton/day
- 1 additional worker every 5 tons

- 3-5 (<1 ton/day)
- if (> 1 ton/day): more installations

- Min: 15°C
- Optimal: 25 - 30°C
- Max: 40°C

- Adequate: 15 - 47°C
- Optimal: 28 - 32°C

- Min: >0°C
-The warmer, the better

100 — 530 m? per ton/day

50 m2 for nursery and 100 m?
per ton/day

30 - 50 m%ton*day

Check input MC required

Check input MC required

No water needs

30 — 55 kWh/ton or none (manual)

90 — 105 kWh/ton or none (manual)

300 -900 kWh/ton (if indirectly heated)

80 - 95%
16 -25
6-75

70 -80%
Non influential
45-8.9

10 - 15%
Non influential
Non influential

- Vegetable waste

- Fruit waste

- Fish or meat waste
- Animal manure

- Vegetable waste

- Fruit waste

- Fish or meat waste
- Animal manure

- Dry unmixed, homogeneous,
uncontaminated substrate, preferably
with high carbon and low ash content,
e.g.: woody materials, coconut shells

and meat

- Biogas is a combustible gas fuel, composed
of CH, (65-60%), CO, (35-40%) and
“impurities”, such as hydrogen sulphide,
nitrogen, oxygen and hydrogen.

- The digestate is rich in nitrogen and can
be utilised in agriculture as a nutrient
fertiliser or organic amendment.

- Larvae: the harvested prepupae contain
40% crude protein and 30% fat and residues.
The grown larvae are suitable as a (partial)
replacement of fish meal in animal feed

- The
nutrients and might be used as a soil

residue still contains valuable

amendment after a maturation phase
(composting).

- The char can later be briguetted and
used as fuel (22-29 MJ/kg), or used
as a soil amendment.

- Bio-oils have significant heating values
(13-18 MJ/kg), and can be converted
into valuable chemicals and fuels.

- The syngas (10 - 20 MJ/Nm?3) is a
flammable gas and can be used to
supply additional heat to the process.

1Operating temp.: shows the minimum, optimum and maximum possible ambient temperatures for the treatment technology to operate.

2Fixed-dome: 15-20; Floating-dome: 3 -5 (humid climate), 8 — 12 (dry climate); Tubular: 2 -

Table 16: Comparative overview of the biowaste treatment technologies
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In this second part, we shall dive into the core of the decision process, following the nine Steps

shown below.

Step1:

Step2:

Step 3:

Stepg:

Steps:

Step 6:

Step 7:

Step 8:

Step o:

What is your problem? — Framing the problem
This first Step will help you frame the problem and define the focus area, as well as
amounts and characteristics of waste to consider.

Who should you involve? - Stakeholder analysis
This Step explains which stakeholders should be included in the decision making process.

Which technologies should you consider? - Identifying alternatives
This Step presents the technology alternatives and explains how to add new ones if
required.

How do you choose among different treatment technologies? -

Objective and attribute validation

This Step presents an objective hierarchy, defines how to validate these objectives and
explains how to add new objectives if required.

How do the technologies perform for each objective? - Performance estimation
This Step details how to estimate the performance of each technology with regard to
each objective.

What is the relative importance between objectives? -

Workshops to elicit preferences

This Step presents a method for determining weights and preferences for the different
objectives, taking into account the local context and stakeholders.

Data analysis
This Step introduces the calculations required to analyse the results and show the final
comparison.

Displaying and interpreting results
This Step indicates which chart types are adequate to convey all the information, as well
as how to interpret them.

Final discussion
This final Step introduces some aspects to take into consideration when presenting the
results to local stakeholders.
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STEP1:

What is your problem?
Framing the problem

For every decision problem, setting clear system boundaries is a very important first Step, both
in time and space. This Step highlights key questions that need answering before you start. Con-
tents of this chapter:

Step 1:What is your problem? Framing the problem .................ccccccoooiiiiiiiiii, 37
DefiniNg YOUI fOCUS @rEa .. ..iiviiiiiieiii e 38
Getting familiar with the local waste management System .........ccocviiiiieiiiieiecn 38

Knowing about waste generation in the focus area ...........cc.cocoeoviieiiciicce 39
Knowing about waste collection in the focus area .............ccccoeevvevieicciicce 46
Knowing about waste treatment in the focus area ..........ccccccocoeeiieiiiiccc. 47
Knowing about waste disposal in the focus area .............cccccoooeiiiiiiiice, 47
Knowing about waste 3R (reduce, reuse, recycle) activities in your focus area .48
Knowing about waste stakeholders in the focus area .............cccccccoeviiiiiicc 49
Knowing about financial issues of waste management in your focus area ....... 49
KnowingaboutInstitutionsand Policiesaffectingyourfocusarea..............c.......... 50
Using all information to frame your problem ..........cccooiiiiiiiiiiiicc e 50
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This chapter explains why these questions are important:

e For which area do you want to provide a biowaste treatment technology?
e How much biowaste and what type of biowaste is generated in this area and what is
your time unit (per day, week, month or year)?

e Are you considering one treatment type and facility for this area, or shall the area be
subdivided into smaller spatial units (divisions, wards, neighbourhoods, housing complexes,
etc.) where different treatment types might be implemented?

Answering these questions will help specify the scope of the problem. Clear answers to these
questions are important as this will determine the waste types and amounts that you will be
dealing with and this will influence the technology choice and scale.

DEFINING YOUR FOCUS AREA

Selecting the spatial area for which you want to choose the biowaste treatment technology is the
very first Step. Even if you cannot define the exact spatial area you want to cover, it is advisable
to develop at least a vague idea. Here are some examples:

You are a member of a
neighbourhood council in
a medium size city.
You choose your
neighbourhood as the
target area of

You are a municipal
officer responsible for
waste management of a city.
You consider the entire
city as your area of
intervention.

You are an operator or
manager of a landfill,
and you are interested in
choosing a technology to
process biowaste arriving
to the landfill.

Other examples could be given and there is no right or wrong answer to this question. Whatever
the answer, it is important to define and document it to avoid disagreements and confusion at a

later stage.

GETTING FAMILIAR WITH THE LOCAL WASTE MANAGEMENT SYSTEM

Obtaining a better understanding of the solid waste management (SWM) system in your local
setting will help you define your system boundaries more precisely. It will also help identify the
stakeholders that you will later consider during Step 2 (Who should you involve?). Finally, it will
help you understand that the scope of this manual focuses solely on the “treatment” component
of the waste management stream (Figure 21).

This chapter introduces the Integrated Solid Waste Management Framework. This framework
(Figure 21) provides a structured approach of looking at a SWM system.
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C Reduce iy feuse ——  Recycle 3 &
IRs

Institutions and policies

Figure 21: Integrated Solid Waste Management Framework (ISWM) (based on Wilson et al. (2015))

The physical components shown with the blue arrow in Figure 21 include generation, collection,
treatment and disposal, as well as 3R (reduce, reuse and recycle). These components are the
different processing Steps the waste material passes through.

Furthermore, governance components as shown within the circle in Figure 21 are also essential.
These are intangible aspects of waste management, such as stakeholders, financial issues and
policies. These overarching components influence the physical components.

This section will pay special attention to waste generation as it defines the “source feedstock”
for your biowaste treatment option. The other components will also be briefly introduced, and we
encourage you to carefully think about these components in regard to your defined area.

Annex 1 presents an assessment based on this framework for the City of San Fernando (CSF) in
La Unién province, Philippines.

KNOWING ABOUT WASTE GENERATION IN THE FOCUS AREA

A precondition to using this manual and starting the process of selection is to know the amounts
and types of biowaste in your area. Characterising biowaste with regard to its amount, purity
(amount of non-biodegradable content), moisture content, abundance of lingo cellulosic materials,
and C:N ratio, is key to understanding which treatment options are technically suitable.

Amounts and characteristics of biowaste in your area may differ depending on the waste generator,

but also on the current storage and collection practices. Furthermore, amounts and characteristics
may vary during the year.
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In your defined spatial area, the questions you will need to answer are:

* \Who generates biowaste?
e Consider different sources, such as:

- Households - Commerce

- Gardens and parks - Food processing industries
- Markets - Beverage industries

- Restaurants

e How much and what type of biowaste is generated from these sources?

e |s this biowaste source segregated?

e \What is the quality of biowaste from these sources (are non-organic substances mixed
in with this biowaste)?

¢ Do the biowaste amounts and characteristics vary during the year from these sources?

This information should then allow you to answer: “Which sources provide how much good quality,
source segregated biowaste and where?”

Finding answers to these questions will involve data collection. Data collection campaigns can
last between a few days and a month depending on the availability of information. At the end of
the data collection phase, you should be able to fill, as much as possible, a similar table to Table

17. Such a table should be filled in for each type of waste generator.

Table 17: Biowaste generation and characterization data required for each type of generator

Type of waste generator:

Biowaste
fractions

Current use/final disposal’ | Amount? Unit® ‘ Variations*

Coconut shells

Coconut meat

Wood material

Reed baskets

Grass clippings

Vegetable waste

Fruit waste

Fish waste

Meat waste

Non separated
biowaste

Animal manure

" Describes current treatment/use or final disposal (in amounts and description). This gives insight
on the existing practices which might compete with future biowaste treatment plans

2 Specitfy if the amount given refers to generated amount or collected amount.

3 Do not forget to include the unit of measurement, which always includes a time component
(e.g. kg/day, kg/week, tons/day, and tons/week). The values in this column should have the same
unit of measurement. Please convert the units of the gathered data into one of the provided options.
4 Variations: how much can the amount of collected waste vary compared to the yearly average
(+ tons/month compared to the average). Ideally, these values should be provided in the same unit
as the previous column.
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Equation 1 indicates how to calculate the total biowaste amount generated by each type of waste
generator.

Equation 1

_ NJO
total — entity Wem.avg

- Biowaste ratio - Collection factor

Where:
e |V :total waste generated

total *

e N° - Number of entities

entity”

e WV : Average generation of waste per entity

ent.avg

The classification provided in Table 17 is a mere suggestion; please adapt it for your case study
if required. Table 18 numbers a list of information that can be gathered during the data collection
phase.

Table 18: Data needed from each type of biowaste generator

Type of waste generator Data needed

Number of inhabitants and households

Waste amounts per capita

Households Waste characterisation (what percentage is biowaste?)
Waste collection coverage

Yearly variability of biowaste amounts

Number of fruit/vegetable/fish/ meat stalls
Waste amounts per stalls/market

Market Waste characterisation (how much is biowaste?)
Waste collection coverage

Yearly variability of biowaste amounts

] Number of gardens and parks in the focus area
§ Biowaste amounts per garden and park

s Garden and|park Waste characterisation (how much is

® biowaste?)

-% Waste collection coverage

't Yearly variability of biowaste amounts

E] -

s Number of restaurants in the focus area

\Waste amounts per restaurant

Restaurant Waste characterisation (how much is biowaste?)
Wiaste collection coverage

Yearly variability of biowaste amounts

Number of retail premises/shops

Waste amounts per retail premises/shops
Retail premises Waste characterisation (how much is biowaste?)
Waste collection coverage

Yearly variability of biowaste amounts

Number of industries

Waste amounts per industry

Wiaste characterisation (how much is biowaste?)
Wiaste collection coverage

Yearly variability of biowaste amounts

Food processing
Beverage processing

Industrial
waste

You will realize that data is often scarce. More often than expected, particularly in low income
settings, already getting the total population might be a challenge! Consequently, it is normal to
make assumptions or to use values from nearby cities or neighbourhoods with similar characteristics.
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In the coming pages, three different methods for collecting this information are provided:

e Reviewing existing literature on waste generation (secondary data source)
e Interviewing different waste generators (primary data source)
e Measurement and characterisation of generated mixed waste (primary data source)

SECONDARY DATA SOURCES

Collecting and analysing new data can be quite time and resource consuming. Therefore, before
engaging in new studies of waste generation or characterisation, we suggest to start collecting,
comparing and analysing existing data contained in previous reports, studies and other sources.
Ideally, such information is already available for the spatial area you have defined. Second best
is to obtain data from nearby areas with similar settlement and income characteristics, as best
estimates.

Examples of stakeholders that might be able to provide existing information are listed below.

- Solid waste department of the city: if such a department exists, it might have studies or
monitoring results of waste amounts collected, as well as waste characteristics.

- Company in charge of waste collection: it might have information on the number of truck
loads and/or number of truck trips made per day.

- Vegetable market agencies/associations: they might know the amounts of waste generated
and collected at markets.

-Neighbourhood initiatives dedicated to waste management: they might have neighbourhood
information on waste amounts, waste collection practices and local recycling practices.

- Private or public operators of the landfill: they might measure incoming trucks and their weight.
-NGOs active in the city with a waste management interest: they might have overall city studies
or information on specific waste sources and management practices.

- Municipality: as a public entity they might have overall city studies, as well as solid waste
management budget.

- Informal recycling sector associations: they might have information on recycling practices,
amounts and number of recyclers or recycling and treatment centres.

- Operators and managers of biowaste treatment installations: they might have information

on amounts treated and sold.

|dentify and contact individuals from these stakeholder groups and arrange meetings with them.
They can help you to obtain relevant waste information and may even help to identify other relevant
stakeholders whom you should also consider. In all cases, keep in mind the following:

e How reliable is the source of your information?
* \Were measurements or estimates made at the point of disposal or at collection?

Describe how you estimated the amounts generated.
e Are there seasonal variations regarding waste generation?

PRIMARY DATA SOURCES

If existing data is scarce, old (from more than 10 years ago, or in a fast growing city 5 years), or
considered unreliable, then we recommend you conduct one or both of the following activities:
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1) Interview waste generators

Estimates of waste amounts can be obtained from interviews with stakeholders involved in SWM
or the waste generators themselves. Prepare your interview questions based on the information
required (Table 17 and Table 18) and remember to check the information collected for consistency
and quality by comparing with references and answers from other interviews.

Be sure that the term “biowaste” is clearly defined to the interviewee to avoid misunderstanding.
If you are asking about waste amounts in a household, do not forget to ask the number of household
members so that you can calculate a per capita amount generated.

In order to calculate the amount of biowaste generated, the following questions might be helpful
to ask in an interview:

- How many bins/buckets of waste are you producing per day/week?

- What is the size of your waste bin/bucket (litre or volume)?

- Is there any week/month when you fill up more bins/buckets of waste compared to
the average amount? If yes, when does this happen and how much more is it than usual
(1.2 times more or 1.5 or 2, etc.)?

- What type of biowaste are you generating (kitchen waste, garden waste, etc.)?

- Are you mixing biowaste with other types of waste (i.e. plastic, glass, metal, etc.)?

2) Measurement and characterisation of generated mixed waste

If interview information does not lead to satisfactory results, then a brief waste sampling and
characterisation exercise may be necessary. One method is explained below. Further information
can be found in (UNEP, 2009; Waste Concern, 2010; Lenkiewicz, 2017) or in the open online
course entitled “Municipal Solid Waste Management in Developing Countries” (see videos “Planning
a waste generation and characterisation study” and “Conducting a waste generation and
characterisation study” on www.coursera.org/learn/solid-waste-management)' .

Such a sampling and characterisation exercise should be conducted for each type of waste generator
separately (i.e. households, markets, restaurants, food processing/beverage industries, etc.).

Material needed for sampling campaign:

- Plastic sheet to cover the ground

- Several buckets or bags for waste separation (approx. volume 20 |)
- Weight scale

- Hand gloves and mask for self-protection

How long should the sampling campaign last?

We recommend taking samples over a period of eight consecutive days to consider variations of
waste generation during the week. Samples taken on the first day should be discarded since they
might contain waste previously stored in the household.

Ideally, annual variations could be recorded by repeating the sampling campaign twice to four
times per year. If not possible, it can also be estimated from information given in interviews with
questions, such as:

- Is this week of sampling representative of the year? If not, which months are the most
representative of the annual average?

" The course “Municipal Solid Waste Management in Developing Countries” is available for free
on the learning platform Coursera. The videos of the course are also on YouTube. The links to both
platforms are on our webpage www.eawag.ch/mooc.

Selecting Organic Waste TreatmentTechnologies 43

Step1



- Is there any month when the waste generation increases or decreases considerably?
By how much, when compared to the annual average (1.5x, 2x, etc.)?

How many waste generators should be sampled?

We recommend that you collect and analyse waste from at least 10 generators of each type of
waste generator i.e. 10 households, 10 stalls or carts/bin for market waste, 10 restaurants, etc.).
Select these 10 sources randomly.

How should the waste for sampling be obtained?
Inform the generator about your measurement campaign; explain the procedure and provide them
with one or more receptacles.

On a daily basis, collect the receptacles and again provide empty receptacles, ideally at the same time
during the day for seven days.

Measure the weight of the collected waste. Do not forget to subtract the weight of the empty waste
receptacle.

How should the daily amount of waste generated be evaluated?

For each type of waste generator: Weigh the total amount of waste collected daily (Wt,). Then,
consider how many generators participated in the measurement campaign (Nt,). Calculate the
daily waste generation rate per type of waste generator as follows:

Equation 2

=

t
i

Daily waste generation rate generator, OWIN e eraior )=

Pz

Based on how many generators are present in the focus area (Nwt,), the overall amount of waste
generated can be estimated.

Equation 3

Daily waste generated

generator |

DWg rgenerator‘ ’ Ntot-‘

When should the samples be analysed?
Samples should be analysed within 1 day, otherwise the material might decompose, which will
alter its properties.

How should the sample be split?
If your total waste sample is bigger than 200kg, we recommend using the Quartering technique
to obtain a sample size of around 50kg (see Figure 22). Follow these steps:

- Place a large plastic sheet on the floor and put the waste onto it

- Reduce the large waste pieces to sizes of not more than 15 cm

- Thoroughly mix the waste to a homogeneous pile.

- Divide the waste pile into four quarters using straight lines perpendicular to each other
- Remove two of these quarters to keep half the original pile.

This is your remaining waste.

- Repeat the mixing and quartering again for the remaining waste until you obtain the
desired sample size of around 50 kg

- Weigh the new remaining waste sample and proceed to the manual sorting and
classification of components as explained below.
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Figure 22: Quartering method

How should the waste fractions be sorted?
The waste sample is now sorted manually into different fractions as the ones shown in Table 19.

Table 19: Type of sorted waste fraction

Sorted waste fraction - biowaste (organic) Sorted waste fraction - inorganic

Fruit & vegetable residues Paper
Meat & Fish Glass

Hard or woody residues Plastic
Garden trimmings Metal
Other (check Table 17) Other

How to calculate the percentage of each waste fraction? — The fractions are sorted into different
buckets or plastic bags.

- Weigh the empty buckets or bags before sorting

- Sort the whole waste sample by fractions into the various buckets/bags as shown in
Table 19

- After sorting the whole sample, weigh each bucket/bag separately

- From this result, subtract the weight of the empty bucket/bag. With this, you will obtain
the weight of each sorted waste fraction (P)

- Sum all weights of all sorted waste fractions (sum of P.-P ) to obtain the weight of the
whole samples (W)

- Calculate the percentage of each waste fraction (P) by dividing its weight by the whole
sample weight (W) and multiplying this by 100

Equation 4

fraction i (0/0) = P\ -100

W

t

Percentage

The values obtained in this section will be referred to again in the manual, especially in Step 5.
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KNOWING ABOUT WASTE COLLECTION IN THE FOCUS AREA

Collection is the activity that involves removing the waste from the point of generation and transporting
it to some other location: a transfer station, a treatment plant or a disposal facility. Collection is often
the most budget-intensive activity among all waste related activities for a municipality. If collection
is two-tiered, then we distinguish primary collection (from waste generator to collection/
transfer point) and secondary collection (from collection/transfer point to treatment or disposal).

Primary collection infrastructure is often simple and low-tech; most of the time it is driven by human
or animal force. Some examples are presented in Figure 23 and Figure 24. Secondary collection
uses bigger vehicles, which can travel longer distances (Figure 24 right). At transfer station is
where waste is loaded from primary collection vehicles into secondary collection vehicles (Figure
24 left). Dispersed smaller amounts of biowaste are more challenging to manage than larger
amounts at fewer locations, which are more efficient and cost effective to work with.

S

Figure 23: Primary collection in Vietnam (Left) - Primary collection in India (Right)

Figure 24: Transfer station in Indonesia (Left) - Secondary collection in Vietnam (Right)
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Knowing about waste collection in the focus area involves knowing the answers to the questions
below. With regard to biowaste, you will want to identify sources and collection systems specific
to biowaste.

¢ \Who collects the waste from the different type of waste generators and where does it go to?
e How often is waste collected?

e \What kinds of vehicles are used for waste collection?

* How much of the generated waste is collected (collection coverage), and what happens
to the uncollected waste?

e Pay special attention to the biowaste fraction. If source segregation is practised and
collection is specific to biowaste, then answer the above questions for biowaste.

e \Where are the main generators and sources of biowaste?

e \Where does this waste accumulate and how is it collected?

KNOWING ABOUT WASTE TREATMENT IN THE FOCUS AREA

Waste treatment may follow different priorities:

a) Neutralisation/stabilisation: sets a main priority on treating waste so that negative
environmental and health impacts are minimised.

b) Valorisation: sets a main priority on treating waste materials to obtain waste-derived
products of value.

Many examples of creating value from waste treatment exist. This manual presents several technologies
for biowaste treatment, namely: composting, vermicomposting, anaerobic digestion, pyrolysis
and black soldier fly treatment (BSF).

Other treatment methods that are applied with mixed waste or other waste fractions (plastic and
paper), such as combustion or incineration are not in the scope of this manual. To obtain good
knowledge of your local conditions with regard to treatment, you should be able to answer the
following questions:

e \What kind of treatment is being applied to biowaste in your specific focus area and
the larger region?

¢ \Who is responsible for that treatment?

e \What are the treatment goals and how successful and for how long have they been
operating?

KNOWING ABOUT WASTE DISPOSAL IN THE FOCUS AREA

Disposal is the final step in the solid waste management system. All waste that is not treated
nor recycled is disposed. Disposal can be controlled or uncontrolled (see Figure 25 and Figure
26). Controlled waste disposal takes place in landfills, which, depending on the context, are well
managed (sanitary landfills) or less (controlled dumping). Uncontrolled dumping refers to illegal or
indiscriminate dumping.
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To obtain a good understanding of your local conditions with regard to disposal, you should be
able to answer the following questions:

e How much of the waste collected is disposed of in controlled landfills?
e \Who is responsible for the controlled disposal?
e How much of the waste collected is disposed of in uncontrolled landfills?

Figure 26: Not well managed landfill in Vietnam (Left) - Well managed sanitary landfill in Colombia
(Right)

KNOWING ABOUT WASTE 3R (REDUCE, REUSE, RECYCLE) ACTIVITIES IN
YOUR FOCUS AREA

Triple R (3R) activities typically deal with non-biodegradable materials, such as plastics, paper,
metals and glass. With regard to biowaste, direct application of waste onto fields and feeding
livestock with waste are considered to be reuse practices. Such biowaste reuse practices can be
assessed by posing the following questions to the different waste generators:

e How much of your biowaste are you reusing directly by applying it to land or feeding
livestock?

e Are you giving part of your biowaste to individuals (farmer, owners of livestock) or
companies that reuse your biowaste directly by applying it to land or feeding livestock?
If yes, how many bins/buckets of waste is it?

* How much are you paid for supplying this biowaste?
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Figure 27: Separated biowaste from a restaurant in Vietnam (Left) - Farmer collecting biowaste in
Vietnam (Right)

KNOWING ABOUT WASTE STAKEHOLDERS IN THE FOCUS AREA

The stakeholders are all who are involved in waste management, including those that generate
waste. How to identify stakeholders in your focus area and to assess their roles and viewpoints
is explained more in detail in Step 2.

KNOWING ABOUT FINANCIAL ISSUES OF WASTE MANAGEMENT IN YOUR
FOCUS AREA

It is important to understand how waste management is financed in your focus area. This will
also help you identify stakeholders who can influence the system and should be considered in
the stakeholder analysis (Step 2). For this, you should be able to answer the following questions:

e For the different waste generators: How much, to whom, and with what frequency do
they need to pay for a waste collection service?

e \What is the rate of payment compliance?

¢ \What other financial resources are available to cover the costs of waste collection and
from whom are they available?

¢ \What is the tipping fee for the collectors at the landfill (fee paid to deliver waste to the
landfill)?

e \What are the estimated landfill disposal costs (per ton) for the landfill operator?
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KNOWING ABOUT INSTITUTIONS AND POLICIES AFFECTING YOUR FOCUS
AREA

Existing policies and legislation influence waste management and they might hinder or support
the implementation and operation of a biowaste treatment facility. For instance, land use regulations
and urban planning strategies may prohibit the construction and operation of waste treatment
plants in residential areas. Therefore, being knowledgeable about the following questions on
policies and legislation is crucial:

e Do recycling policies exist and how do they affect biowaste treatment?
e Are certain waste treatment technologies specific to biowaste prohibited by law?

* \Who owns waste?
e Can waste be accessed and used/recycled by a non-governmental or private entity
and what permits and licenses are needed to allow this?

USING ALL INFORMATION TO FRAME YOUR PROBLEM
Now that you have become very knowledgeable about your focus area, you can define and document
your problem statement to determine the types of waste and amounts you will be dealing with.
e \Which biowaste sources, amounts and characteristics shall be the focus of my biowaste
treatment facility?
* \When considering biowaste sources, amounts, characteristics and existing collection

systems, what would be the scale of the biowaste facility?

Check Annex 1 for a detailed description of the CSF case study.
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STEP 2:
Who should you involve?
Stakeholder analysis

Now that your problem is framed and you are more familiar with the waste management system
of your case area, the next Step is to identify the stakeholders you want to include in the decision
making process. This will be the content of this chapter:

Step2:Who should you involve? Stakeholder analysis.................ccocoiiiiiiiiiiiiie 51
[dentifying StaKENOIAEIS . .....iiiiiiiiie e 52
Advantages of including many stakeholders. ..o 52
Iterative approach for stakeholderanalysis..........occoiiiiiiiiii 53
CSF = Case StUAY (STEP 2)....iiuiiieieiie ittt 53
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In order to do so, this chapter will answer the following questions:

e To whom are we referring when talking about stakeholders?
e \Why is it important to consider as many stakeholders as possible?
e How can a stakeholder analysis be conducted?

IDENTIFYING STAKEHOLDERS

Stakeholders are all the people that can influence and/or are affected by the project. The following
list gathers examples of stakeholders you might need to take into account, depending on your
focus area:

1) Organic waste generators: members of households, market sellers, shopping facilities, food
industries, etc.

2) Neighbourhood representatives: cities often are divided into different geographical areas
(districts, wards, etc.) which are represented by a representative who, depending on the case,
could be elected by those living within the given area

3) Community-level authorities: e.g. community leaders, including religious leaders, who have
a large influence within the community

4) Community-based organisations (CBOs): e.g. organisations engaged in self-help activities or
in providing affordable services in communities

5) Non-governmental organisations (NGOs): organisations that act as intermediaries between
governments and local communities, and are sometimes involved in solid waste service delivery
6) Private/Public service providers: Companies/individuals providing SWM services

7) Informal sector: e.g. waste pickers

8) Municipalities: municipalities have statutory responsibilities for a wide range of SWM service
provisions, including operation and maintenance. Different departments of the municipality could
act as relevant and independent stakeholders, such as urban development authorities, environmental
departments and health and hygiene departments

9) Ministries or departments of ministries: are often involved in SWM management regulations
10) Other

Ideally, all stakeholders that influence the decisions or are affected by a “new"” biowaste treatment
system should be involved.

ADVANTAGES OF INCLUDING MANY STAKEHOLDERS

At first, it may seem that involving many stakeholders would make the process more complicated
and slower as finding a consensus would be more difficult. However, at a second glance, involving
more stakeholders in the process and allowing them to participate to achieve consensus is known
to strengthen ownership, thereby, increasing acceptance and the sustainability of the outcome.

We strongly recommend including as many stakeholders as possible in the process, especially

those having power to influence decisions or who are key to ensuring the long-term sustainability
of the biowaste treatment facility.
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ITERATIVE APPROACH FOR STAKEHOLDER ANALYSIS

Stakeholder identification and analysis is typically an iterative process where information is obtained
through interviews. The following three steps are recommended when conducting a stakeholder
analysis:

1. Identify stakeholder groups and develop a stakeholder table
Make a list of stakeholder groups and list individual names and contact information of these stakeholders
who you consider will have a stake on the biowaste decision.

2. Assess each stakeholder through interviews

Conduct individual or group interviews in each stakeholder group. Identify and evaluate their role,
responsibility and stake in the solid waste management system. Ask questions, such as those
listed below (and adapt the questions so that they fit your specific context):

a. What is your role, function and responsibility in waste management?

b. Can you influence the way waste is managed in your city?

c. Who works/ is responsible for the current management?

d. Who do you think would be related to/influenced/affected by waste management in
your city?

3. Classify stakeholders into groups

Organise the stakeholders into groups based on criteria, such as: responsibility, profession, or
even social attribute (age, gender and income level). Decide which criteria makes most sense for
your case study.

When you conduct the interviews, you can ask who additionally could be an interesting stakeholder
to approach. With such additional information, the stakeholder list will be updated until no new
stakeholders are mentioned.

CSF - CASE STUDY (STEP 2)

In this section, the most important stakeholders identified and involved in the assessment process
for the case of CSF will be introduced. A more extensive description of each stakeholder is available
in Annex 1.

Waste management services are the responsibility of the City Council and the barangays (smallest
administrative division in the Philippines, similar to “ward” or neighbourhood). Within the City
Council, there are two departments sharing this responsibility: the Office of the City Environment
and Natural Resource Officer (CENRO) and the Office of the City General Services Officer (GSO).

The CENRO is in charge of the technical aspects related to waste management, such as planning,
researches/studies, information, education and communication, and assessment. The GSO is
in-charge of the logistics part of solid waste management in the city, including collection, street
sweeping and managing the sanitary landfill.

Another important stakeholder is the Solid Waste Association of the Philippines (SWAPP), a leading
non-profit, multi-sectoral network of solid waste management (SWM) volunteers and practitioners
whose aim is to empower local governments, communities, and the private sector towards a clean,
safe and sustainable environment. The mission of SWAPP is to build the capacity of Local
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Government Units (LGUs), communities, and the private sector to manage solid waste problems
in their respective areas through research, training, technical assistance, information exchange,
and network building.

Barangays are the smallest administrative and political division and are headed by elected
officials. Together, these officials form a council in which one of the members is always a Pollution
Control Officer (PCO). The PCOs are responsible for the accomplishment of the environmental
ordinances of the municipality. They are also in charge of supervising environmental-related
activities occurring within the barangay, which includes waste management (collection, material
recovery facility, cleaning and street sweeping, etc.).

Junkshops are private businesses that buy, store and sell recyclable materials to other middlemen.
They do some minor processing, such as sorting and pre-cleaning. In CSF, there are 16 accredited
junkshops, but there are illegal or unregistered junkshops as well. The City has enacted a Junkshop
Ordinance (City Ordinance No. 2004-001), which sets the requirements for the establishment of
accredited junkshops in the City.

Table 20 shows the stakeholders identified for the case study in San Fernando City, Philippines.
The stakeholders were clustered according to their profession under the assumption that they
have similar preferences.

Table 20: Identified Stakeholders and cluster in the case study of CSF

Position Cluster | Position Cluster

1 Head Officer of at CENRO CENRO 19 | Former Junkshop manager | Junkshop
2 Officer 1 at CENRO CENRO 20 | Junkshop Manager Junkshop
3 Officer 2 at CENRO CENRO 21 | Junkshop operator 1 Junkshop
4 Officer 3 at CENRO CENRO 22 | Junkshop operator 2 Junkshop
5 Officer 4 at CENRO CENRO 23 | Junkshop operator 3 Junkshop
6 Officer 5 at CENRO CENRO 24 | Junkshop operator 4 Junkshop
7 Head Officer of GSO GSO 25 | Junkshop operator 5 Junkshop
8 Officer 1 of GSO GSO 26 | PCO of B. Catbangen PCO
9 Officer 2 of GSO GSO 27 | PCO of B. Poro PCO
10 | Officer 3 of GSO GSO 28 | PCO of B. Barangay 1 PCO
11 | Officer 4 of GSO GSO 29 | PCO of B. Sibuan-Otong PCO
12 :g‘fg;ﬂgtgfmpos“”g GSO 30 | PCO of B. Lingsat PCO
13 | Director of SWAPP (NGO) NGO 31 | PCO of B. Saoay PCO
14 fg’!ﬁgﬁi?e management | \ 5o 32 | PCO of B. Sevilla PCO
15 fggg;’ﬁifte management | \50 33 | PCO of B. Bangbangolan | PCO
16 fggglmfte MEMBERMETE | e 34 | PCO of B. Cadaclan PCO
17 sgggl;’ﬁzfte TEREEMEN | e 35 | PCO of B. Pao Sur PCO
18 ggggi;/ﬁzfte management NGO 36 | PCO of B. Cabaroan PCO

37 | PCO of B. llocanos Norte PCO

CENRO: Cluster of the City Environmental and Natural Resource Office; GSO: Cluster of the City
General Service Office; NGO: Cluster of the waste NGO experts; Junkshop: Cluster of a former
and a current junkshop manager (informal recycling); PCO: Cluster of the Pollution Control Officers.
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STEP 3:

Which technologies should
you consider?

Identifying alternatives

The next Step is to identify the alternatives for biowaste treatment; in other words, the options
that will be considered in the decision problem. These are the contents that will be covered in
this chapter.

Nature of available biowaste...

Legal framEWOTK .. ....iii e
CliMatiC CONAITIONS ...
Availableresources.................

Available financial resources

Selecting Organic Waste Treatment Technologies 55

Step 3



The SOWATT manual considers six treatment options:

1) Windrow composting

2) In-Vessel composting

3) Vermicomposting

4) Anaerobic digestion

5) Slow pyrolysis

6) Black Soldier Fly processing

These technology options cover a wide range of treatment possibilities that are currently considered
mature enough to be implemented. However, other technologies could also be added to this list.
Also, some of the technologies in the list might not be suitable always.

ARE CERTAIN TECHNOLOGIES NOT FEASIBLE FROM THE ONSET?

The chances of successful implementation of a certain biowaste treatment technology for a specific
location can be influenced by different factors (see Figure 28). Examples of such factors are:

e Characteristics of the available biowaste (moisture content, carbon-nitrogen ratio,
abundance of lingo cellulosic materials, etc.)

e | egal framework

e Climatic conditions (average temperatures, average relative humidity, etc.)

e Available resources (space, water, electricity, labour, skills, etc.)

e Available financial resources

CHARACTERISTICS OF
AVAILABLE BIOWASTE

AVAILABLE FINANCIAL LEGAL
RESOURCES FRAMEWORK
AVAILABLE CLIMATIC
RESOURCES CONDITIONS

Figure 28: Factors to be considered before applying the SOWATT manual

NATURE OF AVAILABLE BIOWASTE

Some treatment technologies can only process waste with specific characteristics, as summarised
in Table 16. For instance, if your available waste consists only of coconut shells (or any other
waste with high lignin content), you should not consider anaerobic digestion or BSF-treatment.
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If your waste mainly consists of fruit-processing sludge (high moisture content), slow pyrolysis
is not a good choice. The nature and characteristics of the available biowaste will, therefore,
determine which treatment technologies cannot be used because they are not able to treat such
waste. Feedstock characteristics can be partly managed, for instance, by drying the waste to reduce
its moisture or by adding additives to it to improve the carbon-nitrogen ratio. However, our
experience shows that this is not always feasible and often makes little sense. Therefore, in this
manual, the aspect of feedstock characteristics is considered a “discarding” criterion.

So, how can you assess if one of the considered technologies should not be considered based on
the nature of your available biowaste?

The following three feedstock characteristics should be considered:

* Moisture content

e Carbon-nitrogen ratio (C:N)

e Presence of coarse lignocellulosic (woody) materials
(e.g. wood, coconut shells, straw, etc.)

Of course, other parameters could be added to the list, such as pH, volatile solid content, protein
content, fat content, etc., but these three are sufficient to judge which technology should not be
considered (or are not feasible).

Table 21 provides an indication of what are the adequate ranges of each parameter per technology,
extracted from Table 16.

Table 21: Acceptable ranges of moisture, C:N and woody material (Lohri et al., 2017)

Step3

Parameter WmdrO\_N In-vesst_al Verml-_ AD BSF Slow .

Composting | composting | composting Pyrolysis

Coarse Coarse
Range of biowaste: biowaste:
acceptable 70-75% 70 -75% 70 - 90% 80-95% [ 70-80% | 10-15%
Moisture Fine biowaste: | Fine biowaste:
55 - 65% 55 - 65%

Range of
acceptable 20 - 50 20 - 50 10-25 MBens | N Nens
C:N influential | influential
Coarse
woody Inert & Good
material el LSk Lk risks? i feedstock
content’

'Coarse woody materials (e.g. branches, coconut-shells, wood pieces, etc.) are inert for
all biological processes. Therefore, it does not constitute an adequate feedstock as it will not
degrade. For the composting technologies (windrow and in-vessel), it is beneficial to have some
coarse material, as it will function as structure giving material. ?’On the contrary, in the case of AD,
woody materials are not advisable since they tend to be stored at the bottom of the reactor, which
limits the reactor capacity, or on the surface, which blocks the production of biogas.

Based on the available biowaste in your case study and the acceptable ranges per technology
shown in Table 21, you can decide whether any of the technologies cannot be used (or are not
feasible). Annex 2 provides the moisture content and C:N values for a list of common organic
materials.
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MOISTURE CONTENT
Moisture content is defined as the weight of water per unit weight of your material, given as a
percentage. Here, we present two methods to calculate the moisture content:

a) Oven drying
b) Hand Squeeze test

a) For oven drying, you need the following equipment:

- Oven - 105°C (221°F) - Knife or shredder

- At least three sampling containers - Cutting board

per biowaste (20 x 20 x 5 cm) - At least three large bowls
preferably ceramic or metal - A scale (0.01 g accuracy resolution)
(e.g. oven dishes) - Desiccator

- Marked - Pen and paper

- Heatproof - Protective equipment

- Weighed (gloves, mask and goggles)

These are the steps to measure moisture content:

1. Weigh the empty small container and record the amount.

2. Add 500 g of feedstock into the container and record the weight. Subtract the weight
of the container. This will be the wet weight.

3. Introduce the container with the feedstock into an oven and dry it at 110°C during 24
hours.

4. Reweigh the sample and subtract the weight of the container. This is the dry weight.
5. Determine the moisture content, using the following equation:

Equation 5

Wet weight-Dry weight )

Moisture content = 100- ( -
Wet weight

If the waste is composed of a mix of different feedstocks with different moisture contents, Equation
6 can be used to calculate the overall moisture content of the mix. Provided that feedstock A
has a mass of MA and a moisture content of WA, feedstock B has a mass of MB and a moisture
content of WB, and feedstock C has a mass of MC and a moisture content of WC, the moisture
content of the mix is:

Equation 6

M, W, +M,- W, + M, W,

Moisture content of mix=
M, + My + M,

b) a Hand Squeeze test (from Brewer et al. (2013)) is suitable for fine materials, such as coffee
grounds and compost.

Grab a handful of material. Observe your fist while squeezing the material firmly. Release your

grip, palm up, and observe the material and your hand. Scan the list of observations in Table 22
and estimate your moisture content.
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Table 22: Hand squeeze test — observations and approximate moisture contents

Observation | % Moisture*
Material is crumbly, does not stick together, feels dusty or glove is dry 42 or less
Material feels mostly dry, but has a hint of moisture in it 42 - 47%
Material feels tacky 47 -52%
Material feels moist 52 - 58%
Material sticks together or glove glistens or has a wet sheen 58 - 63%
Squeezing releases one to two drops of water 63 - 68%
Squeezing releases many drops of water 68 - 73%
Squeezing releases a stream of water or material has a pudding texture >73

*Fine-textured materials can give accurate estimates. Coarse-textured materials result in low
moisture estimates; adjust upwards by as much as 4%.

With practice, and after confirming your estimates with the oven drying test, your hand becomes
“calibrated” and this method is fast and useful.

Further information and a step by step calculation of moisture content can be found in the open
online course (see video “Determining moisture content of biowaste mixture” on
www.coursera.org/learn/solid-waste-management)?2.

CARBON - NITROGEN RATIO

Decomposition of organic materials in your compost pile is greatly increased when you create
the proper balance between the carbonaceous materials and the nitrogen-rich materials. Carbon
is the basic building block of life for microorganisms, and is a source of energy. Nitrogen is also
necessary for proteins, genetic material, and cell structure. This balance is referred to as Carbon-
Nitrogen ratio and is shown as C:N.

Annex 2 provides a database of the physical and chemical characteristics (including C:N values) of
different organic materials. Providing that you obtained a proper characterisation of your available
biowaste, Annex 2 can help you to estimate the C:N ratio of your material.

When the waste consists of a mix of different materials from Annex 2, you can easily calculate
the overall C:N. You first need to obtain the information shown in Table 23 for the different fractions
to be mixed.

Table 23: How to calculate the C:N of a mix

Fraction | Moisture (%) Weight %Carbon %Nitrogen C/N Ratio
1 M, Q, €, N, C/N,
2 M, Q, C, N, CJ/N,
3 M, Q, €, N, CJ/ N,

db: dry basis; wb: wet basis

2 The online course “Municipal Solid Waste Management in Developing Countries” is available
for free on the learning platform Coursera. The videos of the course are also on YouTube. Please
find links to both platforms on our webpage www.eawag.ch/mooc.
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The C:N of the mix will be calculated by the following formula:

Equation 7

Q,-C,(100-M)+Q,-C,-(100-M,)+Q.-C,(100-M)+...
Q,-N,-(100-MJ+Q,-N,-(100-M,+Q,-N,-(100-M)+...

C:N=

If you know the nitrogen content for a biowaste, but not the carbon content or the C/N ratio, you
can estimate the carbon content based on the volatile solids content if that value is known or
can be measured. Volatile Solids (VS) are the components (largely carbon, oxygen, and nitrogen)
which burn off an already dry sample in a laboratory furnace at 500-600°C, leaving only the ash
(largely calcium, magnesium, phosphorus, potassium, and other mineral elements that do not
burn). For most biological materials, the carbon content is between 45 - 60 % of the volatile solids
fraction. Assuming 55 % (Adams et al., 1951), the formula to calculate the carbon content is:

Equation 8

C%,,-VS%,,

1.8

db =

Where:
e db=dry basis
* VS%,=100-Ash%,

If the waste is composed of a mix of different feedstocks with different C:N values, the C:N of
the mix needs to be calculated. These values are not provided in this manual and would have to
be obtained separately. Equation 9 can be used to compute the C:N of the mix.

Feedstock A M, W, €, N,

Feedstock B Mg W, G Ny

Feedstock C M. W, Ce Ne
Equation 9

(100-W,) - M,- C, + (100- W) - M, C, + (100- W) - M. C.
(100-W,) - M,- N, + (100- W,) - M- N, + (100- W) - M- N,

C:N of mix=

Further information on carbon nitrogen ratio can be found in the open online course (see video
“Calculating C:N ratio of biowaste mixtures" on www.coursera.org/learn/solid-waste-management).

CONTENT OF WOODY MATERIAL

Woody material refers to all hard material that has a high lignocellulosic content. Some examples
are: coconut shells, wood chips, barks, sawdust, straw, etc. You do not need to be very precise
when determining their content. Observe your biowaste: how much would you estimate is made
up of woody or hard materials? Half? Less or more than half? Make a rough estimate and compare
it to the values given in Table 21. If the woody content exceeds the limits specified, the technology
should not be used (or is not feasible).
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LEGAL FRAMEWORK

Several regulations can limit or foster the long-term sustainability of biowaste treatment technologies.
They do not impede the construction and operation of a technology per se, but the
commercialisation of the final product could be restricted or enhanced by legislation. In many
European countries, for instance, compost from non-source-separated biowaste may not be applied
in agriculture. This policy has a direct impact on the financial feasibility of private composting
plants. Therefore, it is very important to have a look at current legislation in your country/region
to make sure you do not face similar restrictions for one or some of the possible end-products
considered in your assessment (e.g. compost, vermicompost, gas, animal feed, char, etc.).

Legislation and regulations related to the use and commercialisation of waste-derived products
may vary from country to country. Check your specific context by asking the following questions:

e Can the waste derived products be commercialised from a legal perspective?

e Are local or national incentives provided to support the commercialisation of these
products (e.g. subsidies)?

¢ |s the access to and use of biowaste (or certain biowaste types) hindered by legal
restrictions?

This information can be obtained by interviewing experts, such as lawyers, NGOs, agricultural or
business associations, agricultural research institutes, university departments or even the municipal
authorities. Another possibility is to consult legislative documents, such as environmental and
agricultural laws, solid waste management rules and regulations, as well as trade laws and regulations.

CLIMATIC CONDITIONS

Some of the technologies considered involve biological processes. Biological processes require
a certain temperature and moisture range (Table 16) and, if these conditions cannot be met, the
technology would probably fail to function. In the case of low-tech composting facilities in
desert-like climates, a facility can dry out quickly. In these types of areas, water is hard to find
and its use is often restricted to drinking water or agricultural irrigation. In hot and humid climates
(e.g. rainforests), effective moisture control of windrows becomes challenging since water removal
from a windrow can only work if there is a gradient in the water saturation of the air. The heavy
rainfall in these climates justifies the need for an installation with a roof.

Temperature might be controlled through insulation, heating or cooling processes, whereas moisture
can be controlled by a roof (avoid excess moisture by rainfall or excess evaporation) or by adding
water. These additional measures will affect investment and operational and maintenance costs to
operate the technology. As such climate parameters can typically be controlled despite the costs
involved, climate is not considered a “discarding” criterion. Financial consequences are taken into
account when assessing economic feasibility (Step 5, section “High economic feasibility"”).

AVAILABLE RESOURCES

Certain technologies might be more resource intensive than others. Some technologies require a
bigger surface area than others for their installation and land is not always available and may need
to be bought or rented. Similarly, some treatment facilities might require constant electricity, or
large amounts of water, or several spare parts, or even highly specialised skilled labour.

Selecting Organic Waste Treatment Technologies 61

Step3



If the required land is not available and cannot be purchased or rented, only the technologies
which can be constructed in the available space can be considered. If land can be purchased or
rented, all treatment technologies can be considered. When land needs to be bought or rented,
this will have a considerable impact on investment costs, which will affect the economic feasibility
of the technologies, as shown in Step 5, section “High economic feasibility”.

If the other requirements (electricity supply, water, labor, etc.) cannot be ensured for a technology,
its operation will be jeopardised. Missing or limited resources impact technical reliability and economic
feasibility. Limited resources will decrease the robustness of the technology and increase the
likelihood of technical failure or “non-functional downtime”. This is explained more in detail in
Step b, section “High technical reliability”. Ensuring the resources are available when required
might lead to higher operational costs and, thus, affect the economic feasibility. This aspect of
additional costs are further explained in Step 5, section “High economic feasibility”. The availability
of these resources is, therefore, not considered as a “discarding” criterion as they could be
counteracted with higher investment and operating costs.

Finally, the aspect of the skills required for design, construction and operation are crucial preconditions.
The existence of a company or organisation that has a track record of successfully building and
implementing systems will strengthen the appropriateness of this technology. However, if such
a technology at the required scale has never been constructed before in the country, it is worth
getting a second expert opinion on the feasibility of local implementation. Again, personnel with
the required skills can be hired from somewhere else, which will impact the salary costs.

AVAILABLE FINANCIAL RESOURCES

The existing financial resources, access to loans and/or donations has an important impact on
which technologies can be constructed and operated. Low financial capacity acts as a “discarding”
criterion.

HOW CAN NEW TECHNOLOGIES BE INCLUDED?

In order to include new technology alternatives in the SOWATT manual, the following approach
should be carried out:

1. Describe the treatment technology and how it is operated in detail
2. Evaluate the performance of the treatment technology as explained in Step 5.
3. Validate your results with an expert

Finding experts on a topic is sometimes tricky. Think of who might be familiar with the technology

that you are considering adding. You might also find experts on the internet that you could
approach by email or a telephone call.

CSF - CASE STUDY (STEP 3)

In the case of CSF, all default technologies in the SOWATT manual were considered. Most of the
technologies had already been installed (vermicomposting, slow pyrolysis, AD, etc.), whereas
some were completely new (BSF).
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STEP 4:

How do you choose
different technologies?
Objectives and attributes

At this stage, you should have the following information:

¢ a well delimited focus area

® a quantified amount of generated biowaste and information about different types of
biowaste based on their characteristics,

e a list of stakeholders who you consider relevant,

e the selection of biowaste treatment technologies to consider as alternatives

These are the contents that will be covered in this chapter.

Step 4: How do you choose among different technologies? Objectives and attributes ......... 63
Default objectives and attribULeS.......ccviiiiiiiii e 64
High technical reliability.........ccooiiiiiii e 66

High social ImMPact........cooiiiiiii e 66

High environmental proteCtion ........ccc.oiiiiiiiiiii e 67

High contribution to waste management.............cooooviiiiiii e 67

High economic fEaSIbDIlITY......c.iiiiiiiiiie e 68
Validation Of ODJECTIVES . ......iiiiiiiiece e 70
Materials NEEAEA........c.eiiiii e 70

Step by step description of the workshop..........ccooiiiiiii 70
Analysis of the collected data..........oocooiiiiiiii e 72
Including new objectives and attribULES........oooiiiiiii e 72
How do you add a new 0bjeCtive?..........cooiiiii e 72

How do you define a new attribute?............c..oooeiiiiiiiee e 77
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In order to select a technology, you should give answers to the following questions:

¢ \Why do you want to build a biowaste treatment technology?
¢ \What should it achieve?
® \What are the problems that the installation should remediate?

The answers to these questions will define the objectives of your decision problem.

Objectives are the things that matter to decision makers and participants in the decision making
process. Without clear objectives, it is not possible to take rational and transparent choices between
different alternatives. Objectives are phrased with an adjective or verb that indicates the desired
direction of change (e.g. high/low, big/small, increased/decreased, etc.). Once expressed and
agreed upon, attributes are defined for the objectives. Attributes define what will be measured
to assess how well the objective is achieved. Scoring of a technology is based on how well it
achieves the agreed objectives. This information then becomes the basis for comparing technology
alternatives.

Example: Choosing a hotel to stay overnight

You want to choose a hotel and you have a long list of hotels with available rooms. Before you
can make a decision, you first need to define the objectives of what this hotel and room should
fulfil. This might be: low noise level, minimum distance to a commercial centre, minimum distance
to public transport, low price, highly reliable internet connection in the room, etc. Examples of
corresponding possible attributes are average decibels in the room, costs per night and network
latency, respectively.

Once you have decided on the objectives, then, you can compare different hotels and check how
well they satisfy the objectives you have defined.

Defining the objectives for biowaste treatment will be covered in this chapter. This chapter will
include:

- Presentation of “default” objectives and attributes for selecting a biowaste treatment
technology

- Conducting a workshop for objective validation

- Generating new objectives (if required)

DEFAULT OBJECTIVES AND ATTRIBUTES

This manual includes a set of objectives that we call “default objectives and sub-objectives”,
which are arranged in the so-called “Objective hierarchy” (Figure 29). These default objectives
were developed in discussion with biowaste treatment experts and decision analysis experts.
This set of “default objectives” is what biowaste treatment technologies should generally fulfil in
order to ensure their proper operation in the long run.

64 Selecting Organic Waste TreatmentTechnologies



treatment technology

‘ Selection of a biowaste ‘

High technical | [ High social | [ High environ. | [ High contribution to [ High economic
reliability impact protection waste management | | feasibility
_|  Low working I Low emission :{ High treatment
hazards | generation capacity
= ; z
[ townusance Il owriskor | Ll Low residue
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L Commuﬂﬂx { eutropnication (o]
= High job creation

Figure 29: Default objective hierarchy proposed

However, the presented objective hierarchy should not be taken as an unchangeable blueprint,
since it might not be valid for every case. Therefore, this manual includes a chapter on how to
validate if new objectives or sub-objectives need to be added or removed for a given context (see
section “Validation of objectives”, in Step 4). Such a validation exercise is conducted together
with local stakeholders.

There are five main objectives— shown in yellow. Some of these main objectives have several
sub-objectives, shown in green. These proposed objectives and sub-objectives can influence
expected outcomes, for instance:

e | ow generation of emissions and leachate
e [ ow smell impact

e High contribution to waste management

e High job creation

There are also objectives that relate to the sustainability of the technology, such as:

e High technical reliability
e High social impact on behalf of community
e High economic feasibility

This second set of objectives has often been overlooked in the past, and has sometimes led to
the selection of technologies that present operation and maintenance problems over time.

Next, we need to define how the achievement of these objectives can and will be measured.

- How do we measure low risk of eutrophication?

- Which units of measurement do we use?

- What value or level of achievement will be classified as “well achieved”, *
achieved” or “not achieved at all”?

not so well

We use “attributes” to define how the achievement of each objective can and will be measured.
An attribute, also called the performance measure, is a variable that measures, either qualitatively
or quantitatively, the extent to which the specific objective is achieved. Attributes are explicit as
they define how an objective is interpreted and evaluated for the purposes of the decision. Attributes
serve to eliminate the uncertainties associated with ambiguity in the objectives and should be
easy to understand by everyone in a multi-stakeholder group.
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In the following paragraphs, descriptions and justifications of the default objectives used in this
manual, as well as their corresponding attributes, are provided.

HIGH TECHNICAL RELIABILITY

Did you ever experience how a technology fails to operate shortly after installation?
Or, how a technology, financed with external funding, was constructed but never operated?

Description of objective
A very technically reliable technology is one that is robust, operates reliably and requires as little
downtime as possible per year.

There are many examples of technologies that, for one reason or another, fail to operate continuously.
Some of the reasons for failure were already mentioned in Step 3 (e.g. climatic conditions and
available resources)®, and can be represented under the following four different aspects:

- Availability of water

- Availability of energy

- Availability of equipment and spare parts
- Availability of skills

The failure of a technology is mostly related to the lack of one of these four aspects. Each aspect
has a different impact on the operation of the technology and, therefore, will affect the downtime
of the technology. The attribute we use to measure this objective is “downtime per year” (Table 24).

HIGH SOCIAL IMPACT

How does the technology impact and improve
the living conditions in the community?

Description of objective
A technology with a high social impact is one that contributes to the development of a community
in terms of social comfort, equality and prosperity. It is assessed by three sub-objectives.

We know that technologies with a high social impact tend to be better accepted by communities,
which then enhances their sustainability. Nevertheless, a proper social acceptance analysis
consists of other aspects, some of which are tackled at the end of the report, in “Step 9: Final
discussion”.

If you stop to think about what other aspects could contribute to social impact, you will probably
identify issues, such as gender equality, involvement of the poor, awareness and skill raising,
training for the employees, etc. These are completely valid aspects that definitely contribute to
the high social impact of an intervention. However, they do not depend on the technology, i.e.
they are not technology-dependent. Remember, however, that our objective hierarchy should

SAvailable funds were also mentioned, but this will be covered in the objective “high economic
feasibility”.
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be composed of objectives that are technology-dependent, which means that each technology
performs differently with regard to that objective.

The descriptions and attributes for each sub-objective are provided in Table 24.

HIGH ENVIRONMENTAL PROTECTION

Are you aware that some technologies pollute their surroundings through
leachate or emissions more than others?

Description of objective
A technology that protects the environment is one that has few or no emissions into the surrounding
water or air.

Organic waste treatment technologies are built and operated, among other reasons, to avoid
biowaste from contaminating the environment. However, some biowaste treatment processes
themselves might pose threats to the environment due to the generation of by-products. An
appropriate and long lasting treatment technology should minimise potential impact on the
environment. Environmental pollution mainly happens in two different ways: emissions into the
atmosphere, and leachate into the surface- or ground-waters, which are the basis for the two
sub-objectives named “low emission generation” and “low risk of eutrophication”.

The descriptions and attributes for each sub-objective are provided in Table 24.

HIGH CONTRIBUTION TO WASTE MANAGEMENT

How much of the generated biowaste can be treated by the treatment unit?
Does a residue after treatment still need to be disposed of?

Description of objective
A technology with a high contribution to waste management is one that can treat as much of the
generated biowaste as possible and generates little residue.

The treatment technology needs to either eliminate the waste or turn it into a valuable or stable
product. Some technologies cannot always treat 100% of the biowaste, or will generate
non-marketable products, which need to be disposed of. The technology should be able to treat
as much waste as possible and generate as little residue as possible. The objective consists of
two sub-objectives: “high treatment capacity” and “low residue generation”.

Physiochemical characteristics of the biowaste determine which treatment technology can be
used, i.e. each technology performs best when the waste characteristics are within a specific
range. Some technologies have narrower ranges than others and are, thus, more sensitive in
terms of what feedstocks they can treat. Ideally, the treatment technology should be able to
process as much of the generated waste as possible.

The descriptions and attributes for each sub-objective are provided in Table 24.
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HIGH ECONOMIC FEASIBILITY

Have you experienced that certain technologies stopped because
their operation was no longer profitable?

Description of objective
An economically feasible technology is one that generates enough revenue to cover at least all
operation and maintenance costs, and ideally, make a profit.

The economic feasibility of waste treatment plants is a crucial aspect for their long term success.
Experience shows us that unprofitable installations tend to be abandoned once the available
budgets of the project are consumed or grant money by donors stop flowing. Therefore, ensuring
a healthy economic performance is of upmost importance. Ideally, if a treatment plant makes
a profit, the operators will use this business opportunity and make an effort to keep it running.

The description of the attribute is provided in Table 24
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VALIDATION OF OBJECTIVES

To ensure that the objective hierarchy is appropriate to your local context, we recommend using
a stakeholder workshop to validate the objectives. After the workshop, some of the default
objectives might not appear relevant and should, therefore, not be considered or new objectives
are added. If new objectives need to be added, the next section entitled “Including new objectives
and attributes” introduces some guidance and rules on how to proceed.

The workshop can be carried out with several stakeholders at the same time or individually.

MATERIALS NEEDED

These are the materials needed for the workshop:

- One paper sheet per participant with approximately 15 blank lines. Each line is numbered.

- Another paper sheet per participant containing the list of default objectives as shown in the
objective hierarchy of Figure 29. This list will be referred to as the master list (an example of the
master list can be found in Annex 3). Below this master list, there should be empty lines so that
potential new objectives can be added.

- Pens.

STEP BY STEP DESCRIPTION OF THE WORKSHOP

1) Regardless of whether there are one or more participants, explain the context and the goal of
the workshop.

2) Distribute a pen and a piece of paper to each participant with around 15 blank lines. The lines
should be numbered so that the objectives can be referenced later.

3) Ask participants to list the objectives that matter to them. But, do not show them the default
objectives yet. Try to reveal as little as possible about the default objectives as that might bias
their opinions. If you need to give examples of objectives, try to think of a different decision
problem, such as the example of the hotel used previously. It is usually best to ask people to
write down their own ideas independently. The phrasing of these objectives will probably be very
broad, but this is acceptable for now.

Example: possible paragraph read out loud or distribute among participants (translated

when necessary)

Imagine that a new biowaste treatment technology will be implemented in your
community/your neighbourhood/your district/your town (please adapt correspondingly).
This facility could be run by a small business within the community or by the community
itself or by the municipality. Such a facility will bring changes to the current waste
management situation and will have an impact on different dimensions of sustainability
(environment, economy or society). It should be appropriate for the community and it
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should be adequate to the local characteristics of resource availability (water, electricity,
space, fuel, etc.). Please write down what goals this treatment technology should fulfil
and what is needed to ensure the technology is useful and functional in the given context
and what negative impacts should be avoided. Also, write what changes in the community
you would like to see or not see as a result of this new facility. WWhat benefits do you
think the technology should offer or what problems should the technology solve?

4) Group work (optional). Once every participant has written down their ideas you could allow
them to have a brief discussion among themselves. This exchange might influence each participant’s
original opinion, but can also lead to a certain degree of consensus.

5) Distribute the master list with the default objectives.
6) Ask the participants to use the master list as follows (see master list in Annex 3):

Column A: Ask participants to put a check in the box next to any objective they think is

relevant to the selection of a treatment technology.

Column B: Ask participants to compare their listed objectives on the first page with
their checked objectives on the master list. WWhenever an objective in the master list
matches an objective listed by a stakeholder, the corresponding number (1-15) should
be introduced in column B.

A participant who listed a very general objective on the first page might match that item to more
than one objective on the master list.

Some of the objectives on the participants’ lists might not match any objective in the master list.
These should then be considered as potential new objectives that can be added to the hierarchy.
Participants should judge if they consider these new objectives to be relevant or not. If the answer

is yes, then they should be added below the existing objectives of the master list.

7) Thank the participants, collect all the notes and close the workshop.
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ANALYSIS OF THE COLLECTED DATA

After the workshop, you can conclude with the objectives’ validation:

- Study the master list of objectives and look at which of the objectives the participants
checked as important.

- Assess the newly defined objectives and evaluate if they can really be considered as
objectives.

If the workshop validates the existing objectives without addressing new ones, you can skip the
following section and go directly to Step 5. Annex 4 presents two cases in which objectives need
to be added or removed.

INCLUDING NEW OBJECTIVES AND ATTRIBUTES

The results from the workshop might show that you need to add new objectives. Or, you might have
to add a new technology alternative as an option, which may lead you to think of unconsidered
objectives. For instance, assume you run the case study where there is a shortage of fertilisers.
"High nutrient recovery” could then turn to be a new sub-objective under the objective “high
environmental protection”.

If you need to add a new objective with its attribute, please follow the steps described in this
section. If you have no new objectives to add, you can skip this chapter.

HOW DO YOU ADD A NEW OBJECTIVE?

For every new objective added, you should:

1) Check if the objective fulfils the six requirements of decision theory
2) Check if it is a fundamental or means objective

3) Check if it is an objective or a sub-objective

4) Phrase it in a consistent way

5) Define its attributes
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1) Six requirements
Individual objectives must fulfil the following requirements:

1. Understandable: each objective should be described in a clear way so that it is
understandable to everyone and be relevant to the decision problem.

Tip: objectives become more understandable thanks to a clear description of the
sub-objectives and related attributes.

Example:

"High contribution to solid waste management” might be understood in different
ways. The sub-objectives and specific attributes, however, help “define contribution
to waste management”. A low treatment capacity (i.e. a technology that can
only treat a small part of the collected waste) or a “high residue generation” (i.e.
a technology that generates a lot of residue) will mean this technology will leave
more waste to be managed after the treatment than a technology that can treat
more waste and generates less residue.

2. Measurable: the objectives should be measurable as accurately and unambiguously
as possible.

Tip: as accurately as possible means that the measurement should pertain to
what is really important to the decision maker. Unambiguously means that
interpretation of the measurement should be clear and as undisputed as possible.

Example:

Assume you want to choose a dog with the objective of a low impact on the
cleanliness of your house (by shedding of hair). The attribute “short haired”,
although measurable, will not be accurate as it is not directly related to hair loss.
A more accurate objective would be “limited hair loss rate” with the attribute of
degree of hair loss.

3. Independent: it is good practice to check that the objectives are independent of
each other — or more formally, ‘preferentially independent’. This means that they contribute
independently to the overall performance of an alternative, and the one objective will not
influence another objective.

Tip: the issues of independence are almost always solved when the objectives
are carefully structured. ldentifying and avoiding similar objectives is crucial.

Example:

A company is looking for a new production location. Among the objectives are
“freeway access as near as possible” and “railway access as near as possible”.
A more detailed analysis may reveal that these objectives are not preferentially
independent since an improved freeway access reduces the importance of a good
railway access. These objectives are substitutive and can be substituted by a more
accurate end-objective, such as “minimising transport time”.
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4. Complete: the complete set of objectives must consider all fundamental
consequences that decision makers consider relevant. No essential objectives should
be missing.

Tip: all consequences of the decision on environmental, social, economic,
health, and cultural outcomes should be included. To assess if the objectives are
complete, it helps to think through the alternatives and their possible features.

Example:

When you are deciding which dog to buy, you might consider the various dogs
(alternatives) and then realize that one dog species (one alternative) is very hairy
and that this is something to consider as it indirectly affects the cleanliness in
your house. This could then lead you to include a new objective related to the
dog's effect on cleanliness with an attribute of hairiness: something you might
not have initially considered.

5. No redundancies: two or more objectives should not have an overlapping meaning.

Example:

When choosing a hotel, the meaning of objectives, such as “calm location”,
"quietness” and “no traffic”, overlap. Such similar objectives are typically
grouped together into one, and then sub-objectives are used to describe the
components of the main objective. A good set of objectives ensures that all the
important consequences can be described with the fewest possible sub-objectives.

6. Sensitive: this implies that the objectives are influenced by the alternatives under
consideration. If all alternatives under consideration achieve the objective in the exact
same way, then the objective does not help in distinguishing among the alternatives and
can be omitted.

Example:

In the above example of the hotel, if all hotels have the same price, the objective
“low price” is not sensitive and can be discarded. When choosing between
different conference venues, for instance, one of our objectives might be
“minimum commuting time from the train station”. However, if all venues are 20
minutes from the train station, they will all score equally for this objective and,
therefore, this objective is not sensitive.
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2) Fundamental or means objective?
There is a very important distinction between “fundamental objectives” and “means objectives”.

Fundamental objective: this is an objective that is pursued for its own sake and that
needs no further justification

Means objective: this is an objective that is pursued because it helps achieve another
more fundamental objective. Means objectives should not be in the objective hierarchy.

You know you have a fundamental objective when the answer to the question of ‘why is that
important’ is: ‘it just is!”.

Example:

Some cities, for instance, pursue the following two objectives: high air quality and
low noise pollution. These will be our fundamental objectives. A “means objective” to
achieve this could be: reduce number of cars in the inner city.

Among other measures, road bottlenecks and a lack of public parking are well suited to
reduce the number of cars. The means objective to reduce the number of cars in the
inner city contributes to the fundamental objectives to improve air quality and reduce
noise pollution.

However, air quality and noise pollution might also be affected by other factors besides

cars. Therefore, “Low presence of cars in the inner city” should never be considered as
a fundamental objective.
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3) Objectives or sub-objectives?

Once you have actually come up with a fundamental objective, you may be disappointed to discover
that it is rather vague. Now is a good time to ask the next set of key questions: what do you
mean by that? Can we identify subcomponents of this objective? Fundamental objectives can
be broken down into sub-objectives. For example, the objective “high social impact” is rather
vague, and can be decomposed into several other important aspects that define it much better
(i.e. “high job creation”, “few working hazards”, etc.). These aspects answer the question “what
exactly determines “high social impact”?”. On the other hand, the question of “why do | care
about "high social impact”?” concerns the distinction between means and fundamental objectives.
"High social impact” is just a prerequisite for the success of a technology! Consequently, it is a
fundamental objective.

The purpose of the sub-objectives is to describe the objectives more precisely and to enhance
their measurability. The box below gives a more detailed description.

Example: Objectives and Sub-objectives

Social acceptance is one of the objectives proposed. However, this objective is rather
abstract and not suitable for the evaluation of alternatives. How well does an anaerobic
digestion (biogas) facility achieve the objective of high social acceptance and how
does that compare to a composting facility? What influences the degree of social
acceptance?

To better quantify “social acceptance”, the objective is broken down into several
sub-objectives, such as “few working hazards”, “low nuisance level for the community”
and “high job creation”. Each of these sub-objectives describes one certain aspect of
the objective “social acceptance”.

The same applies to the objective of environmental protection. How well does a
composting plant achieve the objective environmental protection and how does this
compare to another biowaste treatment technology? To better describe environmental
protection, the objective was broken down into two sub-objectives: “low emission
generation” and “low risk of eutrophication”. These two sub-objectives are more
straightforward regarding their contribution to environmental protection and can be
more easily evaluated.

If a new objective needs to be added to the objective hierarchy, you should check whether it is
an objective on its own or whether it is a sub-objective in one of the existing branches of the
hierarchy.

4) Phrasing new objectives

With a new objective that fulfils the above requirements, the next step is to phrase it in a concise
way and to assign a direction to it. Phrase the objectives with no more than three to four words.
An adjective or an adverb should be added to indicate the desired direction of change (e.g. high
economic feasibility, low risk of eutrophication, etc.).
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HOW DO YOU DEFINE A NEW ATTRIBUTE?

A new objective should be assigned an attribute that can be measured in order to determine the
extent that the objective is achieved by the technology alternative. Selecting attributes is subjective,
and both technical and value judgments are relevant. Phrasing the attributes is, therefore, very
important. Check the following example which shows how worker safety in American coal mines
could be characterised using any of these apparently reasonable metrics (Gregory et al., 2012):

1. Number of deaths from coal mining in the United States per year.
2. Number of deaths from accidents per ton of coal mined in the United States per year.
3. Number of deaths from United States coal mining accidents per employee per year.

The interesting part is that each of these metrics suggests a different story with respect to worker
safety. Looking backwards, over the 1950-1970 period, the first metric remained relatively constant.
The second — accidents per ton of coal — decreased, the result of increased mechanisation. The
third metric — deaths per employee —increased for the same reason. Looking forward, the choice
among these could matter in terms of ranking investments in coal mining. How does this relate
to worker safety? Did it improve or not? Well, the answer is not self-evident — and each of these
metrics provides only part of the complete picture.

Although there are arguably no ‘right’ or ‘wrong’ attributes, there are certainly better and worse
ones. Important properties of good attributes are listed below (Keeney et al., 2005):

1. Direct, meaning that attributes should relate as directly as possible to the achievement
of a given objective or sub-objective.

Example:

The sub-objective of “low smell impact” for a given technology alternative can be measured
by the “number of community complaints because of smell”, assuming the technology
alterative already exists in the region or country. However, the number of complaints
may be related to the possibilities the residents have to voice a complaint and not
necessarily to the actual smell emission of the technology. One could then think of
measures that effectively reduce the number of complaints, but at the same time do
not reduce the smell impact of the technology (when compensating remunerations are
given, for instance). Therefore, directly measuring the actually relevant attribute
“concentration of SOx and NHzs in the air 10 m from the technology” would be the superior
choice if this can be measured reliably.

2. Operational, meaning that attributes are only useful if they can be put into practice
within relevant budgets and timelines and the required information to assess them is
available, whether from data, models, expert judgments, or other sources.

Example:

It might be theoretically possible to measure the threat to biodiversity by a technology,
using gas or leachate emissions of the technology, the potential damage of those emissions
to ecosystems and their impact on different species. However, the effort required
to determine these values would probably be unreasonably high, with quite uncertain
results.
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3. Understandable, meaning that attributes, and what they describe, can be easily
understood and communicated clearly. This is critical in a multi-stakeholder context to
ensure that no misunderstandings occur.

Example:

Would you be able to say what level of biological oxygen demand of the leachate reaching
underground water bodies you would be willing to accept? Probably not, and if yes, it
will certainly not be understandable to the general public. In cases when such specific
parameters are used, it is good to provide easy comparisons that the participants
involved in the assessment could refer to. For instance, a bucket full of human faeces
has X grams of biological oxygen demand. Participants can easily visualise such a bucket
and the impact it would have on a water body.

4. Unambiguous, meaning that for each attribute, a clear, accurate, and well recognised
relationship should exist between the value measured by the attribute and the objective
performance it describes. It is important that this performance be interpreted in the
same way by different people.

Example:

Measuring “high technical reliability” using three levels, namely low, medium, and high,
is relatively vague and could be interpreted differently by different people. By contrast,
the number of days of downtime per year is a more unambiguous definition that does
not leave much room for differing interpretation.

5. Comprehensive, meaning that an attribute meets these two properties: its covers
the full range of possible consequences, and any implicit value judgments are appropriate
for the decision problem.

Example:

Assume we want to set a national ambient air quality standard for carbon monoxide.
Breathing more carbon monoxide leads to detrimental health effects. These include fatal
and nonfatal heart attacks. Now, consider the attribute “number of fatalities” for this
objective. This attribute does not cover the full range of possible consequences, as not
all detrimental health effects are fatal heart attacks; therefore, it would not be
comprehensive. Instead, one could consider a composite attribute, including both nonfatal
and fatal consequences.

The second property of value judgments is clearly seen with attributes that involve counting,
such as the number of fatalities, and there is the assumption that each of the items counted is
equivalent. This assumes that the death of a 10-year-old is equivalent to the death of a 90-year-
old. Many people do not agree with this, as they consider the death of the 10-year-old to be more
significant. One way to account for this is to use the attribute “years of life lost”. If the expected
lifetime of a 10-year-old is 80, then 70 years of life is lost if a 10-year-old dies. If the expected
lifetime of a 90-year old is 95, then five years of life is lost.
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STEPG5:

How do the technologies
perform for each objective?
Performance estimation

Here is a brief summary of what you should already have prepared before diving into this fifth
step:

e a well delimited study area,

e a quantity and characterisation estimate for the targeted biowaste
e a list of stakeholders who you consider relevant,

e a selection of biowaste treatment technologies

e a validated objective hierarchy with corresponding attributes

Now, it is time to estimate the performance of each technology for every objective in the hierarchy!
This is the content covered in this chapter.

Step 5: How do the technologies perform for each objective? Performance estimation........ 79
Non-case specific 0bjectives/attriDULES........coiiiiiiii i 82
Few WOrKing Nazards........cc.uiiiiiiiioc e 82
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High economic feasibility........ccoiiiiiiiiiiiie e 121
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How do we estimate the performance of each technology for every objective? For each technology
alternative, we assign values to the attributes of each objective. These values represent the
performance of the technology towards this objective. Let us use an example.

Example: Technical reliability of vermicomposting

The objective "high technical reliability” is measured by the attribute “days of downtime per
year”. For the technology alternative “vermicomposting” in an arid climate location, we have
established that the vermicomposting plant will not be operational for 60 days during the year
due to excessive temperature and conditions that are too dry in the vermicomposting beds. The
attribute value of 60 days downtime per year, therefore, elucidates the performance of a vermi-
composting plant related to the objective of “high technical reliability”.

Now, value should be assigned to each attribute of each objective for each technology. These
performance estimations will then allow us to compare the technologies to each other (Steps 6
and 7). But, how do we estimate the values of each attribute for each technology?

In this manual, we distinguish between two types of objectives with their attributes, depending
on how difficult they are to estimate:

1) Easy to estimate: The non-case-specific objectives and attributes
2) Not so easy to estimate: Case-specific objectives and attributes

Table 25 presents the classification of the objectives based on these two types. Notice that the
main objectives, which consist of sub-objectives, are not shown in the table (i.e. “high social impact”,
"high environmental protection” or “high contribution to waste management”. Only their sub-objectives
are presented. Do not worry about this. This is because the performance of the main objectives
is an aggregation of the corresponding sub-objectives. This will become clearer in Step 7 and
Step 8.

Table 25: Classification of objectives based on whether they are case-specific or not

Non-case specific objectives Case specific objectives
e Few working hazards e High treatment capacity
e | ow nuisance level for community e High job creation
e | ow risk of eutrophication e High technical reliability
e | ow residue generation e | ow emission generation

e High economic feasibility

This section includes a descriptive methodology to evaluate each one of the objectives and attributes.
For the “case-specific objectives” the example of the City of San Fernando, in the Philippines will
be used. Your ultimate goal is to complete a table similar to Table 26. In this table, we summarise
the performance estimations of all technologies for every objective, considering the case of CSF.
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NON-CASE SPECIFIC OBJECTIVES/ATTRIBUTES

For some objectives and attributes, this manual already suggests values which we assume to be
valid for a “general” situation. These are attribute values that depend on the functional properties
of the technology itself and are determined based on literature review and expert judgement.
The performance of each technology against these attributes depends less on the location and
context of where the technology is implemented. That is why we call these “non-case-specific
objectives and attributes”. However, one should take them as what they really are: estimates.
They serve the purpose of representing the relative performance differences between the
technologies. When values are shown as ranges, the average can be used or else expert judgement
can be used to define the best value. Nevertheless, the decision of which value to use should be
well justified and made transparent. In this section, the following non-case specific objectives
will be presented:

e Few working hazards

e Low nuisance level for community
e Low risk of eutrophication

e Low residue generation

FEW WORKING HAZARDS

This objective is measured by the attribute “percentage of the maximum level of hazard that the
workers are exposed to"”. The unit of measurement is, therefore, a percent (%).

Attribute

Percentage of maximum level of hazard the

0
workers are exposed to per technology PR 1)

Biowaste treatment technologies may pose potential risks for human health and safety. Although
the potential human risks and monetary costs are considerable, there is little useful information
available to biowaste managers for reducing such risks. No health assessments were found in
the literature for most treatment technologies considered in this manual. Therefore, literature on
health and safety risks in solid waste management was consulted (Englehardt et al., 2000; Cointreau,
2006). Many health hazards, which are also applicable to biowaste management, were identified.
Table 29 provides the final list of health hazards considered in this manual. A severity value is
assigned to each hazard. This indicates the degree of seriousness for each hazard (Table 27).

Table 27: Severity scale for health hazards

Description

Negligible

Minor health and safety effect

Moderate health and safety effect

Maijor, critical health and safety effect that can be controlled

Catastrophic, major health and safety effect with very restricted control or cannot be
controlled
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The probability of these hazards occurring is different for each technology. Five different probabilities
are distinguished, shown in Table 28.

Table 28: Probability values given to health hazards

Description

Unlikely, may not occur

Seldom, unlikely but possible to occur

Occasionally, but likely to occur sometimes

Likely to occur sometimes

Occur frequently

Table 30 shows the estimated probabilities of each hazard for each technology, as well as the
overall scores per technology. In order to assign an overall score to each technology, the following
procedure should be followed:

1. The probability of each hazard occurring is determined for each technology

2. The probability values are multiplied by the severity values of the corresponding hazard
3. All the scores obtained by multiplying severity values and probability values are
summed up to obtain the overall score
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In Table 30, we see that the overall scores per technology range from 13.8 (anaerobic digestion,
commercial scale) to 51.3 (slow pyrolysis, self-use). These are default values that can be used by
any user of this manual. However, the severity or the probability values can be adapted based on
the local context. For instance, if the probability of the biowaste containing chemicals due to poor
segregation is 100%, the probability for the hazard contact with chemicals can be increased and
the values recalculated.

Theoretically, considering the severity and probability values used in Table 30, the minimum rating
that a technology could obtain is 38 (by multiplying the severity values considered by 1 and then
adding all of them). And the maximum possible rating that a technology could obtain is 190
(multiplying all severity values by 5 and then adding them). Therefore, our scale ranges from 38
—190. We can convert these values into a scale that goes from 0 — 100 for it to be more intuitive
by using Equation 10.

Equation 10

R- Min,
S= ——m8— 100
(Max,-Min)

Where:
e S: Overall score
¢ R: Rating obtained
® Min.: Minimum rating possible. If the same severity values are used, this value will
always be 38.
® Max,: Maximum rating possible. If the same severity values are used, this value will
always be 190.

According to Table 30, biowaste treatment using slow pyrolysis (self-use) is the technology with

the highest hazard exposure percentage, whereas a commercial scale anaerobic digestion will
score the lowest and, therefore, it is the safest technology for workers.

LOW NUISANCE LEVEL FOR THE COMMUNITY

This objective is measured by the attribute “Percent of maximum level of nuisance the community
suffers from”. The unit of measurement is, therefore, a percent (%).

Attribute

Percentage of maximum level of nuisance the

0
community suffers from per technology St 2]

People living and working in the vicinity of biowaste processing suffer from nuisance. These
nuisances include the emissions from the biowastes and the operational activities of each plant.
Four main nuisance types were identified: pest proliferation, inhalation of bioaerosols (organic
dust), noise and smell.
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Pest proliferation

Vectorrelated diseases remain an important public health threat throughout low- and middle-income
settings. The organic materials in waste provide breeding sites for insects and rodents
(Cointreau, 2006). Biological hazards associated with pests proliferating on biowaste that can
be transmitted to the community nearby include waterborne diseases resulting from flies and
mosquitoes breeding on the waste. Rabies may be caused by the bites of rabid dogs and rodents
may also spread disease. Zoonosis may result from the bites of wild or stray animals feeding on
waste, and enteric infections transmitted by insects (Jerie, 2016).

Inhalation of bioaerosols (organic dust)

Bioaerosols are particles of microbial, plant or animal origin and may be called organic dust.
They can include live or dead bacteria, fungi, viruses, allergens, toxins, glucans, pollen and plant
fibres. Microorganisms are frequently absorbed onto dust particles and will be transported along
with the dust. Exposure to bioaerosols depends on several factors, such as how the biowaste is
managed (agitation of material, turning, screening, shredding, covered or uncovered, etc.), wind
intensity and direction, and relative humidity and precipitation. A number of studies show that
concentrations of bioaerosols downwind of outdoor composting facilities are elevated above
background levels at times to distances on the order of 200 to 800 meters (Caroline E. W. Herr
et al., 2003; C. E. W. Herr et al., 2004; Fischer et al., 2008; Domingo et al., 2009). We assume
smaller severity values for all other technologies, especially if they are containerised (in-vessel
composting and AD).

Odour annoyance

Wherever bulk quantities of waste are handled, kept, treated or disposed of, there is potential for
the generation of offensive odours. Biowaste frequently presents significant odour challenges
and problems during their handling and can decompose quickly under certain conditions producing
odours that most people consider annoying and unpleasant.

Odours are caused by chemical emissions and are not bioaerosols. Compounds causing odours
are not generally present outside of the treatment plant at concentrations high enough to cause
illness; however, excessive odours can result in symptoms, such as nausea. Odourcausing compounds
from biowaste degradation include reduced sulphur compounds (due to anaerobic conditions),
ammonia, reduced nitrogen compounds, and volatile organic compounds (VOC) (Domingo et al.,
2009). Of these, ammonia appears to be the most prevalent onsite odour causing compound
within treatment facilities, while reduced nitrogen compounds and volatile organic acids appear
to be the most notable contributors to offsite odours (MDER 2009). Odour annoyance is one of
the common complaints from residents living nearby waste treatment facilities.

Half of the considered technologies elicit potentially great odour annoyances (windrow
composting, BSF processing, and slow pyrolysis). Severity values in the range of 4-5 were assigned.
In-vessel composting and vermicomposting were given lower values (3-4), whereas anaerobic
digestion, being an enclosed technology, obtained the lowest odour severity values (2).

Noise pollution

Working or living in areas with high levels of noise pollution can cause long-term effects to human
hearing. Many of the waste-related activities can represent sources of noise, particularly in the
commercial scale and mechanised options. In the case of low- and middle-income countries, it is
rare to be required to address noise safety standards (Cointreau, 2006). Consequently, operations
can reach higher noise levels. Noise control is not routinely specified in equipment tenders and
when noise levels are high, community annoyance is a common risk. All of the commercial scale
plants considered were given a severity value of 3-4, whereas the small scale-manual plants
presented severity values of 1 except for slow pyrolysis, which was assigned a 2, and in-vessel
composting, which was assigned a 3 due to their mechanical components that, even if operated
manually, are a source of noise.
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The communities’ quality of life living near a treatment plant can be jeopardised by these nuisances.
The degree of nuisance is, however, different for each nuisance type. Table 31 shows the different
“degree values” considered when assessing the nuisance types.

Table 31: Severity of nuisance considered

Description

Negligible

Minor nuisance impact

Moderate nuisance impact

Maijor, critical nuisance impact that can be controlled

Catastrophic, major nuisance impact with very restricted control or cannot be
controlled

The probability of occurrence of these nuisances is different for each technology. Five different
probabilities are distinguished, and shown in Table 32.

Table 32: Probability values given to nuisance types

Description

Unlikely, may not occur

Seldom, unlikely but possible to occur

Occasionally, but likely to occur sometimes

Likely to occur sometimes

Occur frequently

Table 33 shows the estimated probabilities of each nuisance type for each technology, as well
as the overall scores per technology. In order to assign an overall score to each technology, the
following procedure was followed:

1. The probability of occurrence of each nuisance type is determined for each technology.
2. The probability values are multiplied by the severity values of the corresponding nuisance.
3. All the scores obtained by multiplying severity values and probability values are
summed up to obtain the overall score.
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Table 33: Probability of occurrence of each nuisance and final rating for each technology

2 = =
° 9 g s
@ 2 S 3
G (<) (<)
Severity
Prob. value 3 4 1 4
Self-use
Rating 12 8 4 16 40 53.6
Windrow
composting
Prob. value 3 4 3 5
Commercial
Rating 12 8 12 20 52 75.0
Prob. value 2 2 3 3
Self-use
Rating 8 4 12 12 36 46.4
In-vessel
composting
Prob. value 3 2 4 4
Commercial
Rating 12 4 16 16 48 679
Prob. value 3 3 1 3
Self-use
Rating 12 6 4 12 34 42.9
Vermi
composting
Prob. value 3 3 3 4
Commercial
Rating 12 6 12 16 46 64.3
Prob. value 3 1 1 2
Self-use
Rating 12 2 4 8 26 28.6
Anaerobic
digestion
Prob. value 2 1 3 2
Commercial
Rating 8 2 12 8 30 35.7
Prob. value 4 3 1 4
Self-use
Rating 16 6 4 16 42 571
Black
Soldier Fly
Prob. value 3 3 3 5
Commercial
Rating 12 6 12 20 50 71.4
Prob. value 2 3 2 4
Self-use
Rating 8 10 8 16 42 571
Slow
Pyrolysis Prob. value 2 4 4 5
Commercial
Rating 8 8 16 20 52 75.0
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In Table 33, we see that the overall scores per technology range from 28.6 (anaerobic digestion,
self-use scale) to 75 (windrow composting and slow pyrolysis, both commercial scale). These are
default values that can be used by any user of this manual. However, the severity or the probability
values can be adapted based on the local context. For instance, if the presence of pests (flies,
rodents, etc.) is perceived as a major nuisance by a community, its severity could be increased to
5 and the values recalculated.

Considering the severity and probability values used in Table 33, the minimum rating that a technology
could obtain is 14 (by multiplying the severity values considered by 1 and then summing all of
them). The maximum possible rating that a technology could obtain is 70 (multiplying all severity
values by 5 and then summing them). Therefore, our scale ranges from 14 — 70. We can convert
these values into a scale that goes from 0 — 100 for it to be more intuitive by using Equation 11.

Equation 11

R- Min,
S= — . 100
(Max,-Min)

Where:
e S: Overall score
¢ R: Rating obtained
® Min.: Minimum rating possible. If the same severity values are used, this value will
always be 14.
* Max,: Maximum rating possible. If the same severity values are used, this value will
always be 70.

LOW RISK OF EUTROPHICATION

This objective is measured by the attribute “risk level of generating and discharging leachate into
the environment”. The unit of measurement is, therefore, a value that ranges from 1 to 5.

Attribute

Risk level of generating and discharging leachate

into the environment Al Jouel 1 =8

Determining the risk of eutrophication of the technologies is complex. In order to assess the risk
of eutrophication of the technologies, the likelihood of generating leachate (a liquid by product)
that may be discharged into the environment was estimated. Leachate can infiltrate into the
surrounding soil and potentially contaminate the groundwater resources. Leachate risk level 1
implies that there is no production of liquid effluent from the treatment technology and leachate
risk level 5 indicates that the treatment technology always generates a liquid effluent.

As leachate may also be generated when rain flows through waste as it is being processed,
those treatment technologies that expose the waste to rainfall are considered to have a higher
leachate risk level. The values provided in Table 34 should be adjusted based on the technology
you foresee being built.
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CSF - CASE STUDY

The composting and BSF technologies considered in the assessment for the City of San Fernando
did not include leachate collection. The digestate generated in the anaerobic digestion process will be
discharged to the sewer system, and will ultimately be treated before discharge. Therefore, the
risks of eutrophication per technology are as shown in Table 35.

Table 35: Risk values of eutrophication per technology in CSF

Windrow In-vessel Vermi- Slow
. . . AD | BSF .
Composting | composting | composting Pyrolysis
Risk of
eutrophication 2 L g ! 2 L
LOW RESIDUE GENERATION

This objective is measured by the attribute “mass of the residue that remains after the treatment
process over the total input mass of biowaste"”. The unit of measurement is, therefore, a percent (%).

Attribute

The mass of the residue that remains after the
treatment process over the total input mass of Percent (%)
biowaste (wet basis)

Equation 12

Mass residue (wet basis)
Residue Generation (%) = -100
Mass input biowaste (wet basis)

Quantifying this attribute can be achieved by talking with experts or studying literature and case
studies. An example of a question that could be asked is:

¢ \When biowaste is treated with your technology, is there any residue generated?
Residues refer to the output of treated waste which does not have a market value and, thus, is
treated like ordinary waste. If, assuming you are treating 100 kg of wet biowaste, how many kg of

residue will you get after the treatment?

Table 36 details the percentages given to each technology. The explanations apply for both the
self-use and commercial scales.
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Table 36: Default values for residue generation per technology

Technology Description Default %

In the case of the three composting technologies considered in this
manual, there are two types of residues: material which will not de- 0%
grade aerobically due to their inert nature (plastics, glass, metals,
sand, stones, etc.) and oversized organic material which will not be
degraded, unless it is chopped.

Windrow
Composting

In-vessel

. ) o
composting These two aspects depend entirely on a proper source separation of 0%

the original biowaste. In this manual, we assume that the biowaste is
well segregated, which implies that there will be almost no residues
and, consequently, we assume 0% as a default value for this attribute.

Vermi The possibility to calculate the percentage of inert material and/or
e B Oversized organic material over the total mass is left to the users of
the manual.

0%

In the case of anaerobic digestion, the percentage of residue depends
entirely on the marketability of the digestate generated (check section Mar
ket assessment). If there is a demand for the digestate, there will not
LUEETGII A be any residue generation. Alternatively, if the digestate is not com-
digestion mercialised, the residue will be 100% of the mass of the original input
biowaste (in practice, if the biowaste is diluted in water, the percent-
age could be over 100%, but for the sake of simplicity, in a worst case
scenario we will consider 100%).

0 or 100%

The BSF processing generates two outcome products: larvae and res-
idue. The residue is the biowaste that is left after the larvae have fed
on it. Assuming a mass reduction of the input biomass of 50 — 80%
(Table 16), we expect 20 — 50% of residue (based on mass of input
biowaste). Once more, the marketability of the residues determines
how much residue is left. If there is a demand for the residue, there
will not be any waste left, whereas if this is no demand, it will be left
for further management or disposal.

0 or 20-50%

In the case of slow pyrolysis, it is assumed that only those biowaste
fractions suitable for pyrolysis will be treated with this technology.
Assuming that the treatment requirements are met, all the biowaste 0%
will be converted into gases and char and, therefore, there will be no
residue.

Slow
Pyrolysis

CSF - CASE STUDY

In the case of the City of San Fernando, there was no demand for the digestate from anaerobic digestion,
nor for the residues from BSF Table 37 summarises the residue values considered.

Table 37: Residue generation values per technology in CSF

Windrow In-vessel Vermi- Slow
p " . AD BSF .
Composting composting composting Pyrolysis
el 0% 0% 0% 100% | 32.5% 0%
generation
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CASE-SPECIFIC OBJECTIVES/ATTRIBUTES

The performance of the technologies for certain objectives and attributes depends strongly on
the location and context of where the technology is implemented. This means that local, context
specific information needs to be collected before a value can be assigned. In the coming pages,
the methodology for the following case-specific objectives will be introduced:

e High treatment capacity
e High job creation

e High technical reliability
e L ow emission generation
e High economic feasibility

HIGH TREATMENT CAPACITY

This objective is measured by the attribute “Percentage of collected biowaste that can be handled
by each treatment technology”. The unit of measurement is, therefore, a percent (%).

Attribute

Percentage of collected biowaste that can be

i o)
T P o Percentage of total collected biowaste (%)

As you might remember, not all technologies are suitable for all sorts of biowastes. From all the
biowaste generated and collected in your case study, we first need to check how much of that
amount can be treated by each technology. That is what this attribute intends to do. In order to
get this amount, we will use three parameters that affect the treatment suitability of biowaste for
a given technology: C:N ratio, moisture and wood material content.

Table 38 shows the adequate ranges of each parameter per technology, as already presented in
Table 21, in Section “Nature of available biowaste”.

Table 38: Acceptable ranges of moisture, C:N and woody material (Copy of Table 21)

Steps

Windrow In-vessel Vermi- Slow
Parameter . . h AD BSF .
Composting | composting | composting Pyrolysis
Coarse Coarse
Range of biowaste: biowaste:
acceptable 70-75% 70-75% 70-90% 80-95% | 70-80% | 10-15%
Moisture Fine biowaste: | Fine biowaste:
55 - 65% 55 - 65%
Range of
acceptable 20-50 20-50 10-25 Begy ||, o | e
C:N influential | influential
Coarse
woody Inert & Good
material IS Lk g risks? gz feedstock
content’

With the values of Table 38 and the information you have already obtained regarding the waste
collected/generated and waste type (Table 17), you can estimate the suitable fraction of waste for
each treatment technology. If you add new technology alternatives to your list, you will first have
to gather the characteristics of the biowaste that are required for it to be treatable.
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The attribute “treatment capacity” (T) is calculated using Equation 13:

Equation 13

Waste amount suitable for technology X
T (%)=

Total collected orgenerated amount of waste

Example to calculate objective "high treatment capacity"

Assume the biowaste collected in a given case study consists of the following fractions as shown
in Table 39

Table 39: Example — biowaste fractions collected in a case study

Current use/final

Biowaste fractions disposition ‘ Amounts Unit ‘ Variations
Cocoa shells Disposed 251 kg/week -
Coconut husks None - - -
Wood material Disposed 57 kg/week -
Reed baskets Reused = - -
Grass clippings Disposed 32 kg/week -
Vegetable waste Disposed 116 kg/day* -
Fruit waste Disposed 95 kg/day* -
Fish waste Animal feed - - -
Meat waste Animal feed - - -
TOTAL WASTE 2,025 kg/week -

*Note that the unit for vegetable waste and fruit waste is not the same. In order to compute the
total amount, first the units of these two need to be converted into per week (multiply by 7).

Now, from the different types of wastes that we have, we check how they score for the three study
parameters: moisture, C:N and woody content. Make sure you obtain data as accurately as possible.
When no local data is available, you can consult the database provided in the Annex 2. Only the
wastes that are disposed of should be evaluated.

Table 40: Example - characterisation of the collected biowaste

Biowaste fractions Moisture (%) | C(%db) | N(%db) | C:N
Cocoa shells 8 50.6 2.3 22:1 Yes
Coconut husks - - - - -
Wood material 10 50.4 0.09 560:1 Yes
Reed baskets - - - - -
Grass clippings 82 578 3.4 17:1 No
Vegetable waste 87 B1.3 2.7 19:1 No
Fruit waste 80 56 1.4 40:1 No
Fish waste - - -
Meat waste - - -
db: dry basis
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Now, it is time to check which technology could be used to treat each waste. WWe compare the
values from Table 40 with the ones given in Table 38. We distinguish between three different
colour codes:

e Green: the waste is suitable for this treatment technology without any pretreatment
* Red: the waste is not suitable

e Yellow: it could be suitable if mixed with other fractions or by adapting the moisture
content to achieve the targeted characteristics.

Table 41: Example — adequacy of each treatment technology for its biowaste fraction

Amount - Vermi-
Windrow In-vessel Slow

(kg/ Composting | compostin FUHIEAS | A Pyrolysis
week) P 9 P 9 ing yroly

Biowaste

fractions

Cocoa shells

Coconut
husks

Wood
material

Reed
baskets

37/

Grass
clippings

Vegetable
waste

Fruit waste 665

32

812

Fish waste = = = = = = =

Meat waste = = = = = = =

TOTAL
WASTE

1,817 1,817 1,817 1,509 1,509 | 1,509 308

From this example, we see that the composting technologies would require mixing the “dry” and
“"wet” materials. In this case, we see that the “dry” materials (coconut shells, coconut husks and
wood) amount to 516 kg/week, whereas the wet materials (grass clippings, vegetable waste and
fruit waste) amount to 1,509 kg/week. Here, we should be careful to ensure that the mix achieves
the targeted feedstock characteristics for composting. Equation 7 can be used to determine the
C:N of the mix.

251-50.6:(100-8)+57-50.4:(100-10)+32-57.8-(100-82)+812-51.3-(100-87)+665-56-(100-80)
C:N= -=26.8:1
251-2.3-(100-8)+57-0.09-(100-10)+32-3.4-(100-82)+812-2.7-(100-87)+665-1.4-(100-80)

The final C:N of the mix fits within the ranges required for composting; therefore, the mix of the
available fractions could be used for composting. If this was not the case, we could take any of
the following approaches:

- If you are missing C-rich materials, you could a) try to see if there are any other C-rich
wastes available that you did not identify so far, b) reduce the amount of N-rich biowaste
fraction considered until you get an adequate C:N range.

- If you are missing N-rich materials, you would do the opposite.
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If you add or reduce biowaste fractions, the amount of the waste you are treating will change. This
final amount is the value you should consider when calculating the value of the attribute “percentage of
total collected biowaste that can be treated by the technology”. For a total amount of 1,817 ton/
week as shown in Table 41, these are the amounts and the corresponding “treatment capacities”
to be evaluated for each technology:

Table 42: Example — final treatment capacities per technology

Biowaste Windrow In-vessel Vermi-

fractions Composting | composting | composting
Total

treatable waste 1817 1817 1609 1509 1609 308
(kg/week)

Treatment

capacity (% of
total waste
collected)

100% 100% 83% 83% 83% 17%

CSF - CASE STUDY

In Annex 1, Table 88 presents the amounts of different biowaste fractions generated during six
months. This waste was considered the target biowaste for the assessment since it is already
collected and brought to the landfill. Table 43 presents the averages and standard deviations of
the data from the six months.

Table 43: Average monthly collected amounts of biowaste fractions in CSF

BIO A e A O B 5€ A 0 D D ariatio o

Banana peelings (market) Sold in market 1.7 +0.3
Biodegradable (brgys) Landfill 13.7 +6.9
Biodegradable (city) Landfill 85 5105
Biodegradable (private haulers) Landfill 0.8 +19
Coconut meat (market) Sold in market 1.6 +0.3
Coconut shell (brgy) Landfill 0.9 +1.1
Coconut shell (city) Landfill 45.7 3.8
Dried Coconut shell (market) Sold in market 3.4 +0.8
Fish entrails (market) Sold in market 24 +0.2
Food scrap Landfill 2.5 +1.4
Market bio Landfill 74 +3.2
Vegetable trimmings (market) Sold in market 24 +0.7
Total (kg) 85.9

In Table 43, we see that some of these fractions are already sold in the market and, therefore,
do not constitute waste since they are reused. Since the goal is not to alter the current reuse
practices, we will not include these fractions in our assessment. On the other hand, you will also
notice that most of the biowaste fractions going to the landfill vary considerably.
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It is important to consider this variability and check if there is a pronounced difference between
the characteristics of the waste (moisture content, C:N ratio and wood content) from one season
to another. To give an extreme example, imagine that the biowaste generated in your case study
is mainly dry and woody during the first half of the year, and moist and green for the rest of the
year. This clear distinction implies that you might require two different types of technologies.

In the case of CSF, we see that we have a predominant fraction (Coconut shells - city) which is
pretty much constant (small s.d.) and, therefore, we will not make this distinction.

Let us now have a look at the waste properties of the unused biowaste fractions. Table 43 has
been simplified into Table 44, following the next steps:

1. Discard the biowaste fractions that are sold in the market
2. Cluster the remaining biowaste types based on their properties. In this case, only two
waste fractions were identified:
a. "Food and garden waste": Biodegradable waste, food scrap and market biowaste
b. Coconut shells
3. Total the amounts and assess their properties, using the database in (Annex 2).
a. Food and garden waste are assumed to have similar properties as organic
domestic waste.

Table 44: Characteristics of available biowaste in CSF

Biowaste LU Amount | Moisture

fractions (ton/ (ka/day) (%) VS(%) | C(%db) | N(%db) | C:N | Woody
! month) g/day °

Food and

garden 279 930 Bh 80 39.6 1.75 22.6 No

waste

(TS 46.6 1’550 5.6 761 | 523 03 [ 1741 Yes

shell

Total (kg) 74.5 2'480

Let's now assess the suitability of the biowaste fractions for each technology. Use the values
shown in Table 38 in Step 5, section “High treatment capacity”. Remember the colour coding:

e Green: the waste is suitable for this treatment technology without pretreatment

* Red: the waste is not suitable

e Yellow: it could be suitable if mixed with other fractions to achieve the target feedstock
characteristics.

Table 45: Suitability of the biowaste fractions in CSF for each technology

Biowaste fractions LU G LRLAE) LS AD | BSF |  Slow
Composting | composting | composting Pyrolysis

Food and garden
waste

Coconut shells
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From the suitability assessment, we conclude:

e The food and garden waste could be suitable for windrow composting, in-vessel composting,
vermicomposting, anaerobic digestion and BSF processing; however, it will require an
increase in moisture. The moisture content value in this case is taken from a database;
therefore, it is recommended to analyse the moisture content of several real samples.
Slow pyrolysis will be discarded due to the moisture content, which is too high.

e The C:N of food and garden waste is 22, close to the maximum recommended value
for vermicomposting and anaerobic digestion (Max C:N = 25). Therefore, we will only
consider the amounts of food and garden waste for these two treatment technologies.

e Food and garden waste would have to be dried considerably for them to be treatable
by slow pyrolysis. Therefore, this feedstock will not be considered for this technology.

e Coconut shells are considered inert material in the BSF treatment process. Therefore,
we do not consider this feedstock as adequate for BSF treatment.

e Coconut shells would be an excellent feedstock for slow pyrolysis. It could be an
adequate feedstock if mixed with moist and nitrogen-rich biowaste. It will not be suitable
for vermicomposting, anaerobic digestion or BSF processing.

Now, check the final C:N and moisture content of the mix, using Equation 6 and Equation 7,
respectively.

55] 5.6
Mass of water 27.9 - 00 T 46.6 - 100
Moisture= = - 100 =24.1%
Total mass 2.9+46.6

27.9-39.6:(100-55)+46.6-52.3-(100-5.6)
C:N= -=79.6:1
27.9-1.75-(100-55)+46.6-0.3-(100-5.6)

We conclude that the C:N is too high and the moisture content too low for windrow composting
and in-vessel composting . Since moisture can be fixed by adding water, we will work on the C:N
to estimate what is the maximum amount of coconut shells that we could mix with the biowaste
and still get a C:N lower than 50 (max acceptable value of C:N for composting).

27.9-39.6:(100-55)+X -562.3:(100-5.6)
C:N= - <501 X?
27.9-1.75-(100-55)+X -0.3:(100-5.6)

We conclude that X needs to be equal or smaller than 17 ton/month, or 570 kg/day. Only then,
can we get a C:N <50:1 and have an adequate feedstock for composting.
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Therefore, the treatment capacity table will look like Table 46.

Table 46: Treatment capacity of each technology for the biowaste fractions generated in CSF (kg/day)

Biowaste Waste Windrow In-vessel c(‘)’::n:s-t-
fractions | collected | Composting | composting inpg
Food and
garden 930
waste
Coconut .
shells 118y
; 930+570= 930+570= .
Total 2'480 1'500 1’500 930 930 930 1650
ULCCHIET | o 60.5% 60.5% 375% 375% | 375% | 62.5%
capacity

For the case of CSF, half of the technologies will handle around 1 ton of biowaste (930 kg) and the
other half around 1.5 tons. Consequently, whenever an objective makes the difference between
self-use and commercial scale, the properties of commercial scale plants were considered.

HIGH JOB CREATION

This objective is measured by the attribute “Number of workers needed per ton of waste treated

per working day" The unit of measurement is, therefore, worker per ton and working day.

Attribute

Number of workers needed per ton of waste N® workers employed

treated per working day

ton -working day

In order to compute the values for this attribute, we first need to have calculated the values for the
sub-objective “high treatment capacity” for each technology. Once we know how much biowaste
could be treated in each technology, we can estimate the number of jobs that would be created.
Table 47 provides two possible values depending on the amounts of waste. Amounts smaller than
1 ton per day can be managed by one operator. For amounts bigger than one ton, more operators
are required. From experience, we have seen that some treatment plants are meant to provide a
lot of employment and, therefore, tend to be overstaffed. Here, our goal is to provide flexibility to
decide if job creation is favoured or not and, therefore, the table provides a range (keep in mind that
a higher number of workers also implies higher operational costs, as explained in the section “high
economic feasibility, in Step 5). The smaller figure is the adequate number of operators required
for each additional ton treated per day. The bigger figure shows the highest number of workers
identified in overstaffed installations.
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Table 47: Number of workers needed for each technology

N° of workers Reference

>1 ton/day

<1 ton/day (workers per 1 ton/day)

Windrow (Harper et al., 2004)

1 -2 worker

Composting (SWAPP 2009)
In-vessel 1 worker 1.2 (SWAPP. 2009)
composting
Vermi 1-2 worker 1-2 (SWAPP. 2009)
composting
Anaerobic N
1 worker 1-2 (Vogeli et al., 2014)

digestion

BSF2 3 workers 1-2 andeir;fydg'if::l worker (Diener, 2016)

Slow 3 -5 workers . ) (GSO, 2014
o More installations (Pfyffer, 2016)
Pyrolysis per ton/day (CIDA et al.. 2011)

" A windrow composting plant or vermicomposting plant treating between 0.5 — 1 ton could have
more than 90 tons of total mass to be handled considering a processing time of around 3 — 5
months. For these amounts we recommend 2 workers. Amounts less than 0.5 tons/day could be
handled by 1 worker.

2 A BSF installation treating less than 1 ton/day, requires 2 workers for the larvae production and
1 worker to handle the waste. For bigger amounts, 1 — 2 workers are needed to handle every
additional ton of waste, plus 2 extra people are needed for every additional 5 tons to produce the
larvae.

3 The maximum treatment capacity of the slow pyrolysis technologies studied ranged between
240 and 550 kg of feedstock per day. If more waste needs to be treated per day, more installations
need to be built (increasing the investment and operational costs). All other technologies could be
designed to the required capacity.

Table 47 only shows the number of workers required to operate the technology when it comes
to activities, such as loading, unloading, turning, bagging, etc. If the treatment facility is meant to
become an enterprise, you might want to include some of the following positions, which should be
added on top of the computed figures from Table 47.

e General manager

e Accountant

® Production supervisor
e Marketing expert

e Maintenance staff

In case you add a new technology alternative, these are the steps and the information required to
calculate the number of workers per ton of biowaste per day:

e Total amount of waste treated per day at the facility with this specific technology. This
can also be derived from the yearly waste treatment capacity of the facility divided by the
number of working days.

e Total number of workers employed at this same facility per day.
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With this information, the attribute with its right unit (worker/tons per working day) can be calculated. N
Below, is the explanation of how to do this:

Example 1:

Suppose you determine the following information about an in-vessel composting plant:

e The technology treats 10°800 tons of waste per year
e There are 45 workers in the plant

1. The first thing you should check is how many working-days per year there are in your
case study.

Let us assume that there are 260 working days per year
2. Now, calculate how many tons of waste are treated per working day.

Required information:

* 10’800 tons are treated in a year
e There are 260 working days per year

Calculation:

tons 1 year 10°800 tons
10°800 . =
Year 260 working days 260 working days

=41,5 tons of waste are treated per working day

3. Now, calculate how many workers are needed per ton.

workers 1 working day 45 workers
45 . = = 1.08 workers per ton ot waste

working day 41.5 tons 41.5 tons

Here, we recommend to always round up this value. Always consider full or half units.
Therefore, in this case, we would need 1.5 workers per ton per working day.

Example 2:

Now, suppose you determine the following information about a vermicomposting plant:

e One worker can treat 400 kg of waste per hour

This same worker works eight hours per day and, therefore, could treat 2°400 kg of waste
in one day.

Calculating how many workers are needed per ton can be done as follows:

1 worker
= 0.42~0.5 workers per ton of waste per day
2.4 tons
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Example 3:

Let us assume that we have seven tons of biowaste per day. After checking the sub-objective
“high treatment capacity’| we see that windrow composting could treat 100% of this waste.
We then checked the number of workers needed per ton of waste treated per day: 1 - 2.5.

worker
Lower end: 7 tonday - 1 ———— = 7 workers
tons/day
worker
Higher end: 7 tonday - 2.6 ——— = 17.5 =~ 18 workers
tons/day

The decision maker could choose between a value that ranges between 7 and 18 workers.
Let us say they opt to hire seven operators since they want to lower their operational costs.
Besides, the decision makers are planning to run this treatment facility as an enterprise; in

addition to the operators, they will hire a manager, an accountant and a marketing expert. That
means 7 + 3 = 10 jobs created.

This operation would have to be repeated for each technology, considering the biowaste
amounts suitable for each.

CSF -CASE STUDY

Table 48 shows the amounts of each biowaste fraction obtained in the previous exercise. These
are the amounts that can be treated by each technology for the case of the City of San Fernando.

We will convert these values first to ton/day and then multiply by the number of workers needed
shown inTable 47.

Table 48: Amounts of biowaste fractions treatable by each technology in CSF

Windrow In-vessel Vermi-
i, . . AD
Composting | composting | composting
Total
(ton/month) 44.9 44.9 279 279 279 46.6
Total (ton/day) 1.5 1.5 0.9 0.9 0.9 1.6
N° workers 2-4 2-3 1 1 3 3-5
needed
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Since we are dealing with around one ton of waste per day, we assume that the installation will
not be profit-oriented and, therefore, there is no need to hire additional staff, such as a general
manager, an accountant, a production supervisor, a marketing expert or maintenance staff. This
way, the operation costs (salaries) will also be kept lower.

Windrow composting, in-vessel composting and slow pyrolysis have a minimum and a maximum

number of workers that would be needed. In this case, for the sake of keeping operational costs
low, the required minimum number of workers will be chosen.

HIGH TECHNICAL RELIABILITY

This objective is measured by the attribute “cumulative number of downtime days per year"”. The
unit of measurement is, therefore, days/year.

Attribute

Cumulative number of downtime days per

year Days/year

The long-term technical functionality of a treatment plant is a crucial aspect of sustainability. By
this, we mean that treatment plants should be as resilient and robust as possible so that they
can keep operating and treating waste. However, we know from experience that this is often not
the case. Below, we noted the four most common factors that typically influence the time of
consecutive days when a treatment technology is out of service:

- Availability and affordability of water

- Availability and affordability of energy (fuel or electricity)
- Availability and affordability of equipment and spare parts
- Availability and affordability of skilled staff

If any of these factors is not ensured, a technology could stop its operation and, consequently,
will not be able to treat the incoming waste. That leads us to the attribute that will be considered
for this objective: cumulative number of downtime days per year.

The availability and affordability of the four resources mentioned above is entirely context-dependent
and needs to be assessed for each particular case. Furthermore, the lack of each resource does
not necessarily have the same impact on each technology. For instance, a lack of water will drastically
influence the operation of an anaerobic digestion plant, but will not impact the operation of a slow
pyrolysis unit.

An interesting and recommended exercise is to check which biowaste treatment technologies
were previously implemented in your case study and what happened to them. Check if they are
still operating or not, and if not, find out why they failed. This will give you very valuable insights.

In the next section, the requirements for each resource by each technology and the duration that
the technology could still operate without this resource will be explained. Later, the questionnaires
that will be given to the stakeholders will be introduced, and finally the methodology will get a
final score per technology.
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WATER NEEDS

All technologies considered in this manual, except for slow pyrolysis, are biological and, therefore,
require considerably high moisture contents (60 -95% MC). Depending on the nature of the
available biowaste, these moisture content requirements might already be fulfilled, or might have
to be achieved by simple pre-treatment methods, such as sun-drying (when they are too moist)
or by adding water. Table 49 presents the typical ranges of moisture content required for each
technology.

Table 49: Water requirements per technology (from Table 16)

Water needs
Technology® Replenish
evaporation loss

" J—
Windrow Coarse: 70 - 75% 5 - 100 L/ton per day® If covered, 14 days

Duration without
water

Composting Fine: 55 — 65% otherwise 7 days
In-vessel Coarse: 70 - 75% B
composting Fine: 55 — 65% e 7 e
Vermi _@Re . 5 If covered, 7 days
composting AU=ElE =4 Lifiom jperr ey Otherwise 3 days
»:[laercfblc 80 - 95% Not needed 30 days
igestion
BSF 70 - 80% Not needed 0 days
Slow
10-15% Not needed Not needed

Pyrolysis

@There is no distinction between small and large scale plants.
bCheck Annex 5 if you want to get a more accurate value. Otherwise, consider the average of the
values given.

Now, it is time to check on the water availability in your location. Is water always available,
considering the values given in Table 49? If yes, you can skip the next pages and move to the
next objective. However, if you suspect that it might be hard to supply those amounts constantly
throughout the year, or during a particular season (dry season), we recommend that you read the
following pages and estimate the water requirements for the considered technologies. This will
facilitate times when the technology enters into downtime periods due to the lack of water

How do we calculate the amount of water needed by a technology for a given amount of
biowaste? Let us use the following example:

Example

Assume that you generate 50 kg of biowaste per day with a moisture content of 40%. And you
think that vermicomposting would be a suitable technology in your case. So, you now want to
calculate how much water you need to add to increase the moisture content to 80% (middle point
between 70 — 90%). How do you do that?

You first need to know how much water (in mass units) there is in your feedstock

Mass,, = Mass,_ - MC% = 50 (kg) -0.4 = 20 kg of water

Water total
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Once you mix this biowaste with water, these 20 kg together with the added amount
of water, will represent 80% of your mass (remember that we are targeting a moisture
content of 80%!) We could write the following equation, and isolate “X".

Equation 14

Mass Mass. + Mass

water input water added water
MC (%) = =
Mass

Mass + Mass + Mass

total input water added water total solids

20(kg) + X(kg)
MC (%) = 80% = 0.8 = > 0.8-(20+X+30)=20+X >
20(kg) + X(kg) + 30 (kg)

20
40+ 0.8X=20+X > 40-20=X-0.8X > 20 =0.2X > X= —— > X =100 kg
0.2

We could also isolate Mass in Equation 14 as shown below:

added water

MC(%) - (Mass + Mass ) - Mass

total solids input water input water

Mass

added water =

1-MC(%)

Result: 100 kg (or 100 litres) of water will have to be mixed with the 50 kg of feedstock
in order to get a moisture content of 80%. That means that you need to ensure that you
have access to 100 kg of water every day!

We have calculated how to achieve the targeted initial moisture content. But, the process is not
finished. The vermicomposting plant has water losses through evaporation, and the worms need
a constant moisture content of 70 — 90% to flourish and grow. This means that you will have to
add water consistently.

The amount of water losses through evaporation depend on several aspects: temperature in the
material, ambient temperature, relative humidity and atmospheric pressure. Table 49 presents
default values that you can use to estimate your water demands. If you wish to calculate your
water needs in a more accurate way, check the methodology presented in Annex 5.

Now that you can calculate the water requirements per day for all technologies, you need to assess

the water availability in the case study. For this, we recommend that you interview several people
and ask them the following questions:

e How much water could be supplied per day? Make a X in the next line:

10 L/day 250 L/day 500 L/day 750 L/day 1000 L/day

*Adapt the amounts shown on this line according to your needs.
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¢ \What would be the longest period of time that water needs cannot be satisfied (due
to a delay in the delivery, dry season, shortcuts or due to lack of budget) assuming you
do not have storage?

e \What happens if there is no sufficient water?

With the first question, we will know if we can supply the required water for the biowaste treatment.
In case there is no water, the technologies can last a couple of days or even weeks. These
periods are shown in Table 49. But, water will be required at one point and unless you supply it or
it rains, the technology will stop its operation. The answers to the second question will indicate
the duration of the lack of water. If these durations are longer than those given in Table 49, the
technology will stop operating and will enter a downtime period.

ENERGY NEEDS

The procedure to calculate the energy needs is very similar to the steps explained for the water
needs. It is assumed that only the commercial scale plants will require energy in terms of electricity
or fuel. Only the energy needs, which are essential to run the treatment technologies, are
considered here. Other energy needs (e.g. lighting, heating, cooling, bagging machine, ventilation,
etc.) are not included due to large differences between climatic regions and latitudes. Table 50
determines the energy consumptions considered per technology.

What happens if there is no energy? Or, there is a shortage of fuel? Or, a power failure (blackout)?
In these cases, the self-use, small scale plants will be less influenced by the shortage of energy
as they typically rely on manual labor. However, the commercial scale plants will be
non-operational. Table 50 indicates that the technologies will not operate without an energy
supply (duration of 0 days). However, fuel could still be supplied, which could also be used to
produce electricity with a generator. For this exercise, we assume a worst-case scenario.

Knowing the amounts to be treated, we can now calculate the energy needs per day for all
technologies by multiplying the amounts of waste by the energy needs per unit of waste (kWh/
ton). This number can then be compared to the energy availability in your case. Keep in mind that
energy can be supplied in the form of both fuel and electricity. In case you need electricity for
your equipment, both fuel supplies would be valid since you could transform fuel to energy with
a generator. In case you need fuel for your equipment, you really need to make sure you have
access to fuel. Therefore, when estimating the availability of energy, make sure your questions
target the right energy type for your needs.

¢ Equipment:

Providing that you will install commercial-scale infrastructure, it is very advisable to
know which types of equipment you will be using beforehand, and whether they will be
fuel-based or electricity-based. This knowledge will facilitate answering the following
points.

o Electricity supply network:
When it comes to electricity supply, we recommend that you interview local electricians.
Aspects to take into consideration are:

e Supply outlets (sockets-plugs)
¢ \/oltage (V)

e Maximum allowable current (A)
e Age and quality of the cables

e Maximum duration of blackouts
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Make sure you check the following questions:

e Can the electricity supply network cope with the demand if all equipment for a
given technology is consuming energy at the same time?
e \What would be the longest period of time that electricity needs cannot be

satisfied due to a blackout?
e \What would be the longest period of time that electricity needs cannot be

satisfied due to a lack of budget?

The answer to the last two questions will determine the downtime period.

¢ Fuel supply:
The fuel supply will only be relevant when fuel-based equipment is used. The only aspect

that matters is the reliability of fuel supply.

e \What would be the longest period of time that fuel needs cannot be satisfied
(due to a delay in the delivery or due to a lack of budget) assuming you do not

have storage?

The answer to that question will determine the downtime period.
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EQUIPMENT AND SPARE PARTS NEEDS

Equipment often requires spare parts or additional components to ensure long-term continuous
operation. A lack of parts can lead to downtime. Table 51, Table 52 and Table 53 show the essential
equipment or material required for each type of treatment technology and the number of days
that the technology can cope without this piece of equipment or its spare parts. If the equipment
or material is not repaired within that period of time, the technology stops operating properly; the
time when equipment is not functioning fully is considered downtime. For a detailed list of equipment
needed for each technology, please refer to the section “Examples of biowaste treatment
technologies” in “Part 1. Background”.

Table 51: List of essential equipment per technology and maximum number of operation days
without equipment: windrow composting & in-vessel composting

Windrow composting In-vessel composting

1 | Budeier 120 | Bags 60 (RN 120 | Bags 60
water hose water hose
2 Cover_ 1 120 Bucket or 120 Kmfe_ 0 Bucket or 120
material water hose (or alike) water hose
. Cover Record
3 Knn‘e_ 0 material or 120 Shovgl 0 keeping 30
(or alike) . (or alike) 2,
roofing material
Front loader
a Shovel 0 or Compost 0 Vessel 0 Shovel 0
(or alike) turner / Shovel container (or alike)
or Fork
Ueiee] Record keepin ttiers)
L barrow 0 - PIng 30 barrow (or 0 Shredder 0
: material .
(or alike) alike)
6 Shredder 0 Sieve 0
7 Sieve 0 Thermometer 30
8 Thermometer 30 Vesse_l
container
Wheel barrow e
9 0 barrow or 0
or small truck
small truck

'Cover materials. Examples: plastic sheets, fibres, etc.
’Record keeping material. Examples: monitoring sheets, pens, folders, etc.
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Table 52: List of essential equipment per technology and maximum number of operation days
without equipment: vermicomposting & Black Soldier Fly

Vermicomposting

Black Soldier Fly

(I Ant traps 30 Ant traps 0 Ant traps 30 Ant traps 0
Bedding Containers
2 et B e R it lics EE g
Containers
/ worm bed Bedding Knife (or Bedding only
3 0 ; 60 ; 0 .
(concrete, material alike) material once
plastic, etc.)
4 Cover_ ; 0 Ellis e o 0 Larvae ey Buckets 2
material water hose once
5 Knlfe_ 0 Cover_ 1 0 Shovel (or 0 Containers 0
(or alike) material alike)
Shovel (or Eleogggijtr;?e el
6 ) 0 0 barrow (or 0 Larvae 0
alike) (concrete, alike)
bricks, etc.)
Wheel Record
A barrow 0 keeping 30 Light 30
(or alike) material®
s e only Scale 0 Nets (love and 0
once dark cage)
9 Shov_el 0 OV|po§|t|on 0
(or alike) material
Record
10 Shredder 0 keeping 0
material?
11 Sieve 0 Feaiig 0
(closed room)
12 Wheel barrow 0 Scale 0
or small truck
13 Worms eIl Shovel for 30
once alike)
14 Shredder 0
15 Sieve 0
- Washing
16 machine 0
facility
Wheel barrow onl
17 / Bucket / Y
once
small truck

T Cover materials. Examples: plastic sheets, fibres, etc.

2 Record keeping material. Examples: monitoring sheets, pens, folders, etc.
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Table 53: List of essential equipment per technology and maximum number of operation days
without equipment: anaerobic digestion & slow pyrolysis

Anaerobic digestion

Slow pyrolysis

Commercial

"Bl Buckets g || DECten o |Building Bags 60
water hose material
End gas use Gas end-use -
. Building
AN ith valve 1 (gas generator 0 Burners® material 2 0
(stove) or stoves)
3 Gas pipes 1 Gas pipes and 0 Fuel* Burners® 0
and tubes tubes
. Reactor .
q |ubeier 0 | (different S <nife Fuel* 0
alike) (or alike)
types)
Reactor Record Lambda
L (different 0 keeping 30 Oil barrels sensor 0
types) material’
Wheel
(3 Repair kit 120 | Repair kit 120 barrow Oil barrels 0
(or alike)
g:\?:g;kmg Record
7 : 7 Scale 0 keeping 30
ol material’
(Stick)
L3 \Water trap 7 Shredder 0 Shredder 0
- Unblocking
9 ﬁcg\ggﬁ:g) 7 Thermocouples 0
(Stick)
Wheel barrow
10 Valves 0 (or alike) 0
11 Water trap 7
12 Whegl barrow 0 Scale 0
(or alike)

"Record keeping material. Examples: monitoring sheets, pens, folders, etc.

2 Building materials for furnace, reactor and chimney: bricks, cement, metal sheets, metal bars

3 The need for a burner and the type of burner depends on the technology

4 The fuel used depends on the technology
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In order to calculate the number of downtime days caused by lack of equipment or material,
follow the following steps:

1. Have a look at the list of items needed for the first technology of interest

2. Assess if the items mentioned can easily be repaired, replenished or substituted in
your case study

3. ldentify the item that seems most difficult to repair, replenish or substitute

4. Estimate how many days would be needed to repair, replenish or substitute it

5. If the number of days is longer than the number of days given in the tables, calculate
the difference. This will be considered as the downtime period.

6. Repeat the same process for the other technologies to estimate the downtime periods
caused by lack of equipment.

NEED FOR SKILLED STAFF

A lack of required operational and maintenance skills is another determining factor of success.
This is a factor that has often been neglected, especially with charity-based donated infrastructure,
which often breaks down and remains unrepaired. Consequently, well-trained staff is a critical
factor for long-term success. All the skills required to run these technologies are summarised
according to the following seven types:

. Basic knowledge of biology of the decomposition process
. Basic knowledge of the biology of worms & insects

. Basic knowledge of combustion processes

. Driving heavy machinery

. Basic marketing and sales experience

. Knowledge of electrical / electronical control systems

. Qualified mechanic to maintain technical parts

~N o ok N -

Some of these skills are more specialised than others and, therefore, more difficult to find people
who have mastered them. Some of the skills can also be learnt in a short amount of time and are,
thus, not so limiting. In Table 54, we see the skills required for each technology. The table also
indicates the duration that the technology can operate under three scenarios: 1) there is no skilled
staff or they are often absent, 2) the skilled staff is not physically present, but can be reached by
phone or email and 3) the skilled staff is physically present when required.
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Now, it is time for the field assessment. Once more, the person in charge needs to assess if the
required skills are locally available, or if training for these skills can be obtained locally. In order to
estimate the period of downtime, the steps to follow are:

1. Have a look at the list of the seven skills needed

2. Assess if the skills are locally available, physically present or not available at all one by one and
by checking the interviews.

If they are not available and there is no means of training the staff in that particular skill, the
technologies requiring that skill will have a maximum downtime (365 days per year).

If the skills are not available, but training can be easily ensured to the required level, then this skill
can be assumed to be available.

If the skills are available, but are not constantly physically present, then consider the following
questions:

-What is the longest period of time that the skilled personal will be absent during a year?
- Is there anybody else with these skills who could substitute for this person?

Providing that no other person can substitute for this skilled staff member, but that the skilled
person can be reached by email or phone:

3. Write down the longest period of time when the staff will be absent

Choose one of the treatment technologies and have a look at the column entitled “reachable
(phone, email)”. If the number of days is longer than the number of days given in Table 55,
calculate the difference. This will be considered the downtime period caused by the lack of a
given skillset.

4. Repeat the same procedures for all skills needed for that technology

5. You will now total all the downtime periods obtained to calculate the aggregated downtime
period caused by lack of skilled personnel (note that by summing them up, we are calculating a
conservative value)

6. Repeat the same process for the other technologies

How do we calculate the final aggregated technical reliability value? Or the total downtime time?
So far, you have calculated that each technology can have a downtime period due to four
factors: water, energy, equipment and spare parts, and skilled staff. Now, calculate an aggregated
downtime period for each technology. We recommend that you calculate a conservative value,
in order to show the worst-case scenario. This would happen if all the calculated downtime periods
happen one after another. This accumulated downtime can be calculated by summing up all
downtime periods estimated for the four factors for each technology. Table 55 indicates how this
aggregated value can be calculated.

Table 55: Calculation of aggregated downtime

N° days downtime per aspect

Technology Equipment | Skilled | Total downtime
Energy & spare parts | staff
7 0 0

Windrow Self-use 0 7
(Sl Ll Commercial 14 7 7 0 14+7+7=28
In-vessel Self-use 7 0 14 0 7+ 14 =21
(LI Commercial | 30 7 60 0 30 + 7 +60= 97
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The total longest downtime represents the longest overlapping period of time (in days) throughout
the year when the treatment facility would not be in service and, therefore, would not be able
to process any waste. The higher this number, the less this treatment technology is considered
reliable and robust.

CSF - CASE STUDY

Let us now assess the technical reliability of the treatment technologies for the case of the City
of San Fernando.

In Table 56, the water demands are calculated. The City of San Fernando is a rain-fed area with
few water sources except rain. There is no river or aquifer in the vicinity of the city. Rain patterns
are estimated to change and the amounts are expected to reduce in the coming years. Water
shortages are predicted to occur during the dry season. Therefore, the price of drinking water is
also estimated to increase in the future. In spite of the risk of shortages being low, a period of one
month was considered to be the longest possible time without a water supply.

Table 56: Calculations of water needs for CSF (L/day)

composting
composting

2
-
‘_W
59
£ &
25
o

Waste collected , ; .
(kg/day) 1'500 1'500 930 930 930 1550 Table 46
0, 0/, a 0/ a 0o/ b 0o/ b o/ b 0o/ b a. Equation 6
Input MC (%) 36.3% 36.3% 55% 55% 55% 5.6% b- Table 44
Required input | ,, ;5 | 76 750, | 70-90% | 90% |70-80% | 10-15% | Table 16
MC(%)
B 1570 1'970 1160 | 3'500 740 120 Equation 14
(L/day)
Evapotrans Calculated
P p- 190 80 90 0 0 0 from Table
loss
49
Total water , , ; .
needs (L/day) 2'160 2'050 1'250 3'500 740 120 -
- 1 week 3 days
. LT (not 1 week (not ! 0 days Mol Table 49
without water month needed
covered) covered)
Downtime 23 days 21 days 27 days 0 30 days 0 -
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Electricity and fuel are always available in the City of San Fernando. In the most unlikely event
(e.g. a typhoon), the electricity supply can stop for one week.

As for equipment and spare parts, all material can be purchased locally. The spare part that would
take longest to be delivered would be a commercial scale in-vessel container, which would take
one month.

At the time of the research, there were no experienced people skilled in operating a BSF processing
technology. However, the CENRO and GSO representatives argued that the staff is capable of
receiving training and of learning. Nevertheless, since BSF is the most challenging technology
when it comes to skills required, chances are high that it would suffer from downtimes more
often than the others. A downtime of 30 days was assigned to BSF processing.

Table 57 shows the summary of the downtime periods for each of the four aspects:

Table 57: Calculation of total downtime of each technology in CSF

Downtime Windrow In-vessel Vermi- Slow
- - ; AD BSF

aspects Composting | composting | composting Pyrol.
Water 23 days 23 days 27 days 0 30 days 0
Energy 0 0 0 0 0 0
262 0 30 days 0 0 0 0

spare parts

Skilled staff 0 0 0 0 30 days 0

Total 23 days b3 days 27 days 0 days | 60 days | O days

BSF is the technology that performs weakest for the objective of technical reliability, followed by
the composting technologies. Anaerobic digestion and slow pyrolysis are not expected to suffer
from downtime for the aspects considered.

LOW EMISSION GENERATION

This objective is measured by the attribute “Amount of CO, equivalents emitted per day”. The
unit of measurement is, therefore, kg CO, equivalents/day.

Attribute

Amount of CO, equivalents emitted per day kg CO, equivalents/day
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Biowaste treatment reduces environmental pollution by diverting organic waste from dumpsites
or landfills. However, during the degradation processes, substances and/or gases may be
released and pollute the environment. Among the list of potential environmental impacts, climate
change through greenhouse gas emissions is an important threat.

Climate change is defined as a change in the atmosphere’s composition that is directly or
indirectly attributed to human activity. This is caused by the release of Green House Gas (GHG)
emissions to the atmosphere. GHGs are characterised by their ability to absorb infrared light,
thus, contributing to an increase in temperature of the atmosphere. The impact of GHGs is
evaluated by their Global Warming Potential (GWP). GWP is a relative measure of how much heat
a greenhouse gas traps in the atmosphere; it compares the amount of heat trapped by a certain
mass of gas to the amount of heat trapped by a similar mass of carbon dioxide. In this way, GHG
emissions (in kg) can be converted to their equivalent amount of CO, (in kg).

The main three GHG are carbon dioxide (CO,), methane (CH,) and nitrous oxide (N,O). Details on
GHG GWP and production pathways are found in Table 58.

Table 58: GHG - Global warming potential and production pathways

Gas | Environmental impact

High global warming potential (27.8 times more than CO, considering a time
span of 100 years) (IPCC 2013, v1.03)

4 Methane is produced under strictly anaerobic conditions by various methanogenic
microorganisms decomposing easily degradable organic compounds.

CH

High global warming potential (265 times more than CO, considering a time
span of 100 years) (IPCC 2013, v1.03)
The biological production of N,O is a complex process that relies on various microbial
N,O 2 o P
2 pathways. Among these processes, the most significant are nitrification and
denitrification, occurring under aerobic and short-term O, limitationed conditions,
respectively (Ermolaev et al., 2015; Sédnchez et al., 205; Wang et al., 2017).

Reference measure for global warming potential (1 X CO,)

CO, is produced from the decomposition of organic matter and cellular respiration.
2 In organic waste treatment, CO, is considered “carbon neutral” as it represents the
natural emission from degrading organic matter (Christensen et al., 2009).

(60)

The GWP values for methane and nitrous oxide in CO, equivalents are 27.8 kg CO,/kg CH, and
265 kg CO,/kg N,O, respectively, considering a time span of 100 years, according to the
methodology presented in IPCC 2013 (v1.03).

In order to calculate the total CO, equivalents emitted per treatment technology, the amount of
biowaste to be treated needs to be known. Table 59 shows the amounts of CH,and N,O emitted
per ton of biowaste treated per treatment technology. Using Equation 15, the total amount of CO,
equivalents can be computed.

Equation 15

Total CO, =GWP, -M,, (kg)+GWP, M, , kg)

CH,

Ko, Kdco,
M, (kg) + 265

CH,

Kg CH, Kg N,0

=278

’ vazo (kg)
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CSF - CASE STUDY

In the section “High treatment capacity” in Step 5, we have calculated the amounts of biowaste
to be treated by each technology. Based on those amounts, we can easily calculate the estimated
emissions. Some further calculations are required to estimate the emissions from AD. These are
shown in Annex 6. Table 60 presents the estimated rough emissions per technology.

Table 60: Estimated kg of CO2 equivalent emitted per day for CSF

CO, equivalent
(kg CO,/day)

Technolo Biowaste amount CO, equivalent
gy (kg/day wb) (kg CO,/kg biowaste)

Windrow o
S 1500 108.6 kg/ton (wb) 163
[ 1'500 54.3 kg/ton (wb) 814
composting
Vil 930 3.8 kg/ton (wb) 35
composting
Gl 930 3% of generated CH 39
digestion’ 4
BSF 930 2.3 kg/ton (wh) 2.1
Slow , ,
SO 1550 (o), 17463 (db) 250 kg/ton (db) 365.7

! Calculated in Annex 6, ? Retort kiln is selected.

HIGH ECONOMIC FEASIBILITY

This objective is measured by the attribute “Ratio of income to expenditures of a treatment
technology”. There is, therefore, no unit of measurement.

Attribute

Ratio of income to expenditures of a
treatment technology

In this manual, we suggest a simple approach to calculate the ratio of (potential) revenue
(income) and operational costs (expenditure).

Equation 16

Sum of all Income ($/year)

I/E(-)=
Sum of all Expenditure ($/year)
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Potential revenue is estimated based on the yearly revenue from sales of the end-product(s)
and sometimes also includes revenue for accepting the waste at the facility (tipping fees or
gate fees). Expenditures are estimated based on the yearly operational (running) costs. These
include costs for land rent, labour, water, fuel, maintenance and depreciation on equipment and
infrastructure. The depreciation costs are based on the investments costs and the lifetime of the
installations (see details in Table 61).

It is important that both income, as well as expenditure, have the same currency and time unit,
e.g. per year. The I/E should be understood as follows:

e |/E>1 : The activity is economically profitable. The higher the number, the more profit
that is generated

e |/E =1 : The revenue is equal to the costs. The activity will not generate any income
or costs

¢ |/E<1 : The activity is economically not viable

Table 61 explains how to calculate income and expenditures, as well as what kind of data you
need to do this:
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MARKET ASSESSMENT

In the case of commercial scale plants, being economically sustainable is an important criterion.
Unless there are subsidy schemes in place, most of this profit derives from the revenue obtained
by selling the end products generated from the treatment. The more end product sold, the more
revenue will be obtained. The question to be asked is: how much of the generated product can
actually be sold? This crucial aspect is measured by the marketability ratio (a).

In order to evaluate the marketability ratio (a) of a product, political/legislative, economic and
social factors need to be considered (Figure 30). As these aspects may change over time, it is

important to continuously monitor changes in these areas.

Figure 30: Factors influencing market demand (adapted from Zurbriigg (2008)

Factors influencing Market Demand

v v v

Supportive waste Customers and Cultural behaviour
management policies competitors
Values, taboos

Subsidies for agriculture/ Alternative products
farming Attitude towards

Income of customers treatment products
Import/export regulations

Economic cycle and Demographic trends
Land reforms product price

Education, skills
Subsidies for relevant

sectors Environmental awareness

Political and legislative factors

The marketability of a product can be restricted or enhanced by legislation. In many European
countries, compost from non-source-separated biowaste cannot be applied in agriculture. Therefore,
it is very important to have a look at the current legislation in your country/region to make sure
you will not be facing similar restrictions for one or some of the possible end-products (compost,
vermicompost, gas, animal feed, or char).

Legislation and regulations related to the use and commercialisation of waste-derived products
may vary from country to country. Check your specific context by asking the following questions:

e Can the waste-derived products be commercialised from a legal perspective?

e Are local or national incentives provided to support the commercialisation of these
products (e.g. subsidies)?

* |s the access to and use of biowaste (or certain biowaste types) hindered by legal
restrictions?
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In order to get this information, interviewing experts or consulting such legislative documents as
the ones shown below could be useful:

® Environmental laws - may include legislation supporting or limiting waste recycling
and reuse

e Solid waste management rules and regulations - may support waste recycling and
reuse

e Agricultural laws - may regulate the use of soil amendment or organic fertiliser from
waste source

e Trade laws and regulations — you may have to register your product if you want to
commercialise it

This information can also be obtained from lawyers, NGOs, agricultural or business associations,
agricultural research institutes, university departments or even the municipal authorities.

If legislation/regulation prohibits the use of a specific biowaste-derived product, then the
marketability ratio (a) (Equation 23) is automatically 0, as well as the potential revenue attached
to it. If you consider that the commercialisation will be limited by some legislative concerns, then
a percentage for a between 0% and 100% should be estimated.

Economic factors

The marketability of a product (a) is highly influenced by potential and existing customers and
competitors, as well as the price of the product (g€), and the income of the customers.

A customer is someone who wants or needs your product and is able or is willing to pay for it
(Zurbrligg, 2008). One can differentiate between different customer groups. For compost, Table
62 distinguishes between several customer groups based on the geographic location, volume,

quality of end product and frequency of demand.

Table 62: Example of customer groups for compost

Customer Geographical Quality of Frequency of
; Volume
group location end product LB

Farmers Rural area High Medium-High SRESBITE CITILE]
demand
Cash crop Peri-urban High Very high Seasonal — twice
farmers a year
Nurseries Urb_an cnl Medium High Frequent demand
peri-urban
Irregular but high
Leelcamn o Urban High Low demand at one
developers )
time
Middle/high Not very seasonal
income house- Urban Low Very high but peaks in
holds spring
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Table 63: Summary of potential customer and alternative product for price estimation per product
type

Compost/
Type T Larvae ‘ Gas ‘ Char ‘

Farmers Chicken Households | Households Households
Nurseries farming Municipality | Bakeries
Potential Gardening Fish farming | Small Small industries
customers Households Pig farming | industries Restaurants
Hotels

Organic fertilizer | Chicken/fish | Natural gas | Coal Oil
Animal manure meal Brown coal
Slurry Charcoal

Alternative
products for
price
estimation

For each waste derived product, try to answer the following questions:

e \What are the potential customer groups?
e Are they already consuming the waste-derived products (compost/vermicompost/
biogas/ char) ?
- If yes, the following questions should be asked:
1- Demand and offer: How much do they buy on a weekly/monthly/
yearly basis? Where do they buy it? Is there a large amount of suppliers?
Do suppliers compete for selling this product?
2- Price: What is the current price of the product (g)? Is it considered
expensive considering the average local income?

- If no, try to answer the same questions as before for the product they are using

which has the most similar properties to your waste derived product.

With the information about the demand, the supply and price, the marketability ratio (a) can be
estimated. Let us now see the extreme examples:

e Assume that the waste derived product is already in high demand in the study area
(i.e. exceeding the production capacity), there are no competitors selling the same or
similar product, and the price is affordable considering the average local income. Then
a reaches its maximum (100%).

e |f, on the contrary, no one consumes the product due to high prices or there are more
preferred products that local people purchase (competition), then a is automatically set
to 0.

If you consider your situation to be between these two extremes, then a percentage for a
between 0% and 100% should be estimated.
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CSF -

Social factors

Social acceptance or rejection concerning use and commercialisation of a waste-derived product
greatly affects the product’'s marketability and varies greatly from country to country. Check your
specific context by asking the following questions:

e |s it socially and culturally accepted to use a certain waste-derived product (e.g.

compost, biogas or larvae)?

e Are there any beliefs that prohibit the use of waste-derived products (ancestral or
religious)?

e |s a product rejected only when it originates from a certain feedstock (e.g. human
faeces, animal excreta, etc.)

e Are customers concerned about using waste-derived products (e.g. fear of spreading
diseases, etc.)?

In order to get this information, interviewing experts, community and/or religious leaders could
be useful.

If it is socially and culturally not acceptable to use a specific biowaste-derived product, then the
marketability ratio (a) is automatically O. If you consider that the commercialisation will be limited
by some social and cultural concerns, then a percentage for a between 0% and 100% should be
estimated.

CASE STUDY

The economic feasibility of the technologies considered in this manual was assessed for the case
of San Fernando City. For each technology considered, the investment costs, operational costs,
market price of the end products, and the potential revenue were obtained. The main source of
information were reports about other installations in the country; interviews with stakeholders
who had managed an installation themselves were also conducted. In general, data were scarce.
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Windrow Composting

Table 64 summarises the economic feasibility assessment of windrow composting in CSF. From
personal communication with local compost sellers, we learnt that there was no demand for
compost in CSF, which automatically implies a marketability value of 0% and, therefore, no
revenue. Windrow composting has a IER of 0 and is, thus, not economically self-sustaining in
this context.

Table 64: Economic feasibility assessment of Windrow composting in CSF

Item Unit Value Source
Construction PHP 500'000 (GSO, 2014)
Shredder PHP 125’000 (CIDA et al., 2011)
Investment - - S
costs Sieve PHP 100'000 Assumed 20% than

shredder.

Total PHP 725000

Depreciation PHP/month 2015 Assumed 30 years
lifespan

Labour PHP/month 16'500 3 workers (Table 48)
22 working days per
month.
Salary: 250 PHP/day

O&M costs (DLE, 2017)

Fuel PHP/month 18’000 Assumed equal to
In-vessel composting

Water PHP/month 3'370 2160 L/day (Table 56)
52 PHP/m?* (MSFWD,
2012)

Total PHP/month 39885

Biowaste ton/month 45 Calculated from Table 46

Mass reduction % 875 Table 16

Mass of compost ton/month 28.1 Calculated

Revenue Market price PHP/kg 7 Field observation: 300-

400 PHP per 50 kg sack

Marketability % 0 (Expert, 2014)

Revenue PHP/month

PHP: Philippine Peso, local currency

IER,

Windrow C.~

39'885
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In-vessel composting

Table 65 summarises the economic feasibility assessment of in-vessel composting in CSF. With
windrow composting, the marketability value is 0% and, therefore, this treatment technology
generates no revenue. In-vessel composting has an IER of 0 and is, thus, not economically
self-sustaining in this context.

Table 65: Economic feasibility assessment of In-vessel composting in CSF

Item Unit Value Source
Bio-reactor PHP 557'000 (DENR et al., 2011)
Construction PHP 500'000 (GSO, 2014)
Investment Shredder PHP 125'000 (CIDA et al., 2011)
() Sieve PHP 100'000 | Assumed 20% than

shredder.

Total PHP 1'282'000

Depreciation PHP/month 5'340 Assumed 20 years
lifespan

Labour PHP/month 11'000 2 workers (Table 48)
22 working days per
month.
Salary: 250 PHP/day
(DLE, 2017)

O&M costs Maintenance PHP/month 15'000 (CIDA et al., 2011)

Fuel PHP/month 18'000 (CIDA et al., 2011)

Water PHP/month 3'200 2050 L/day (Table 56)
52 PHP/m® (MSFWD,
2012)

Total PHP/month 52’540

Bio-waste ton/month 45 Calculated from Table 46

Mass reduction % 85 Table 16

Mass of compost ton/month 29.3 Calculated

Revenue Market price PHP/kg 7 Field observation: 300-

400 PHP per 50 kg sack

Marketability % 0 (Expert, 2014)

Revenue PHP/month

0
/ERln-vesee/ C.= = 0
50'760
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Vermicomposting

Table 66 summarises the economic feasibility assessment of vermicomposting in CSF. Although
there is no demand for vermicompost in CSF, this technology generates a second product:
worms. From personal communication with local compost sellers, we learnt that worms are in
demand for home composting and that all could be sold (marketability of 100%). However, the
revenue obtained from selling the worms is smaller than the operation and maintenance costs
and, therefore, we get a IER<1 (IER = 0.24). This automatically implies that this treatment
technology generates no revenue and is, thus, economically not self-sustaining in this context.

Table 66: Economic feasibility assessment of Vermicomposting in CSF

Item Unit Value Source

Construction PHP 72'600 Biowaste: 930 kg/day
Surface needed: 300
— 580 m2 per ton/day
(Table 16)
20 m? cost 3'300 PHP

Investment (CIDA et al., 2011)
costs

Shredder PHP 125'000 (CIDA et al., 2011)

Sieve PHP 100000 Assumed 20% than
shredder.

Total PHP 297600

Depreciation PHP/month 1'240 Assumed 20 years
lifespan

Labour PHP/month 11'000 2 workers (Table 48)
22 working days per
month.
Salary: 250 PHP/day
(DLE, 2017)

O&M costs Maintenance PHP/month 15000 (CIDA et al., 2011)

Fuel PHP/month 18'000 Based on In-vessel
composting (CIDA et al.,
2011)

Water PHP/month 1950 1'250 L/day (Table 56)
52 PHP/m3 (MSFWD,
2012)

Total PHP/month 47190

Biowaste ton/month 27.9 Calculated from Table 46

Mass reduction % 60 Table 16

Mass of compost ton/month 11.2 Calculated

Market price PHP/kg 8 Green Kit, p 144.

Marketability % 0% (Expert, 2014)

compost

Revenue PHP/month 0

Revenue

Mass worms kg/month 23 Calculated (see next
page)

Market price PHP/kg 500.0 (CIDA et al., 2011)

Marketability % 1 (Expert, 2014)

worms

Revenue worms PHP/month 11’500

Total revenue PHP/month 11’500
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The mass of worms on vermicomposting was calculated using the following data from Munroe

(2007).

® 580 m?/ton per day of surface are required.

e Stocking density of 2.5 - 5 kg worms/m2 (3.75 kg/m?)

e |Worm biomass doubles every 90 days. 1/3 increase of original biomass per month.
e Biowaste pile of 50kg/m? in vermi-beds (assumed)

Calculations:

930 Kg / day

50 kg/m? =18.6 m’/day

e Surface required per day:

580 n?

———— =31 days (4.45 weeks) which is enough for
18.6 m?/ day

® Retention time of waste:

vermicomposting treatment (Munroe, 2007).
e Original worm biomass required is: 18.6* 3.75 = 69.75 kg.
e Worm biomass production: in a month this will increase 1/3 of its weight, which

amounts to: 23.22 kg. This is what can be sold.

11'500
/ERVerm/cv == = 024
50'760
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Anaerobic digestion

Table 67 summarises the economic feasibility assessment of anaerobic digestion in CSF. This
treatment technology generates two output products: biogas and digestate. In the case of CSF,
there was no demand for the digestate and, therefore, it generates no revenue. The biogas,
however, showed a marketability of 100%. The market price of it is based on that of natural gas.
The revenue generated is larger than the O&M costs estimated and, therefore, AD is presumably
a profit-making treatment technology in CSF. Due to the fact that the water costs represent a
big share of the O&M costs, a new IER was calculated considering that wastewater is used to

remove the cost for water.

Table 67: Economic feasibility assessment of Anaerobic Digestion in CSF

Item Unit Value Source
Construction PHP 557'000 (DENR et al., 2011)
nvestment  Ere PHP 125000 | (CIDA et al., 2011)
Total PHP 682000
Depreciation PHP/month 2'270 Assumed25 years
lifespan
Labour PHP/month 11'000 2 workers (Table 48)
22 working days per
month.
O&M costs Salary: 250 PHP/day
(DLE, 2017)
Water PHP/month 5'460 3'500 L/day (Table 56)
52 PHP/m?* (MSFWD,
2012)
Total PHP/month 18730
Biowaste ton/month 27.9 Calculated from Table 46
Digestate volume m?/day 4'236 Calculated (Annex 6)
Market price PHP/m? 0 (Expert, 2014)
digestate
Marketability % 0 (Expert, 2014)
Revenue digestate PHP/month 0
Revenue Biogas mé3/month 3'515 Calculated
(check Annex 6)
Market price PHP/m? 7 Estimated based on
biogas natural gas price
Marketability % 100 (CENRO, 2014)
Revenue worms PHP/month 24610
Total revenue PHP/month 24’610
24'610
IERAD (buy water) = =1 3
18'730
24'610
/ERAD (waste water) = = 7 8
13'270
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Black Soldier Fly

Table 68 summarises the economic feasibility assessment of Black Soldier Fly processing in CSF.
This treatment technology generates two output products: larvae and residue. In the case of CSF,
there was no demand for the residue; therefore, it generates no revenue. The larvae, however,
showed a marketability of 100% since they could be used as a cheaper alternative than chicken
feed. The market price of the larvae is based on that of vermicomposting worms. The revenue
generated is bigger than the O&M costs estimated; therefore, Black Soldier Fly processing is
presumably a profit-making treatment technology in CSF.

Table 68: Economic feasibility assessment of Black Soldier Fly in CSF

Item Unit Value Source
Equipment & PHP 2'500'000 | (Dortmans, 2017)
Investment UL
costs Roofing PHP 500,000 From interview

Total PHP 3'000°000

Depreciation PHP/month 12'500 Assuming 20 years
lifetime

Labour PHP/month 16'500 3 workers (Table 48)
22 working days per
month.
Salary: 250 PHP/day

O&M costs (DLE, 2017)

Electricity & Fuel PHP/month 3'500 (Dortmans, 2017)

Water PHP/month 1165 740 L/day (Table 56)
52 PHP/m® (MSFWD,
2012)

Total PHP/month 33655

Biowaste ton/month 0.93 Calculated from Table 46

Mass reduction % 675 Table 16

Mass of residue ton/month 0.30 Calculated

Market price PHP/kg 0 (Expert, 2014)

residue

Marketability % 0% (Expert, 2014)

residue

Revenue residue PHP/month 0

Revenue Mass larvae kg/month 232.5 Biowaste to larvae

biomass conversion rate
25% (Dortmans et al.,
2017)

Market price PHP/kg 250 Assumed to be 50% of

larvae vermiworms

Marketability % 100% (CENRO, 2014)

larvae

Revenue worms PHP/month 58125

Total revenue PHP/month 58125

58'125
IRy = =17
33'655
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Slow Pyrolysis

Table 69 summarises the economic feasibility assessment of slow pyrolysis in CSF. Charcoal is a
common fuel used in CSF and, therefore, local stakeholders stated that if sold cheaper than charcoal,
it would be well received and purchased. \When calculating the potential revenue, we can see that
they exceed the operation and maintenance costs three fold. This automatically implies that slow
pyrolysis is presumably a profit-making treatment technology in this context.

Table 69: Economic feasibility assessment of Slow Pyrolysis in CSF

Item Unit Value Source
Investment Equipment PHP 616'060 (GSO, 2014)
costs Total PHP 616060
Depreciation PHP/month 5'140 Assuming 10 years
lifespan
Labour PHP/month 22'000 4 workers (Table 48)
22 working days per
month.
Salary: 2560 PHP/day
O&M costs (DLE, 2017)
Water PHP/month 190 120 L/day (Table 56)
52 PHP/m?® (MSFWD,
2012)
Other expenses PHP/month 17700 (GSO, 2014)
Total PHP/month 45030
Biowaste ton/month 46.6 Calculated from Table 46
Mass reduction % 65 Table 16
Mass of char ton/month 16.3 Calculated
Revenue Market price PHP/kg 10 Lower end of charcoal
price in CSF:
10 PHP/Kg
Marketability % 50% (Expert, 2014)
Total revenue PHP/month 81'550
81'550
IER = ———— =18

Slow pyrolysis

45'030

Summary

Table 70 shows the summary of all economic assessments.

Table 70: Summary of economic assessments for all treatment technologies

WlndI’O\.N In-vesst_el Verml-_ ‘ AD ‘ BSF ‘
Composting | composting | composting
O&M costs 39’885 52'540 47190 18'730 | 33'655 | 45030
Revenue 0 0 11'500 24'610 | 58'125 | 81'550
IER 0 0 0.24 1.3 1.7 1.8
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STEP 6:

What is the relative
importance between
objectives?
Workshop to

elicit the preferences

If you are ready to work on this sixth step, it means that you have already accomplished the list
below:

e a well delimited study area

e amounts of biowaste generated and separated into different types based on their
characteristics

® a list of stakeholders who you consider relevant

e a selection of biowaste treatment technologies

e a validated objective hierarchy with corresponding attributes

¢ an estimation of the performances of every technology for every objective

Now that you have estimated the performance of every technology for every objective and, therefore,
accomplished Step 5, let us focus on the set of objectives you will use in order to compare the

different biowaste treatment technologies. This is the content of this chapter.

Step 6: What is the relative importance between objectives?

Workshop to elicit the preferences....................ccococoiiiiiii 137
Preparing and printing the material............cooiiiii 139
BeSt-WWOrst CaSE SCENAIIOS. ..ottt 139

Swing method QUESTIONNAITE..........cvviiiii e 142

Reverse Swing Method QUEeSTIONNAITE...........oiiiiiiiiiiiiii e 142

Introduction 0f the METNO. ......oiiiii e 142

Present Best-WWOrst CasSe SCENATIIOS. . ...ciuiiiieiiaiieiie ettt 143

RUN the SWING METNOT. ... 145

Run the Reverse SWing Method. ... ..o 146

OPEN TOI DISCUSSION ... 147
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Before we focus on the set of objectives, there are a few questions we should answer:

- Are all objectives equally important?
- Which objectives are more important than others?
- How much more important is one objective than the other?

Determining the differences in the objectives’ relative importance is what we call Preference
elicitation. Preference elicitation basically implies asking the stakeholders to score the objectives
according to their perceived importance. These scores show how important each objective is for
a specific stakeholder. Different stakeholders will, however, most likely assign different scores
to the objectives.

Example: preferences according to different stakeholders

An environmental manager will probably score the objective “high environmental protection”
higher than other stakeholders.

A business-oriented stakeholder will most likely score “high economic feasibility” higher than
other stakeholders.

Taking into consideration these different opinions is very beneficial for the project because:

- it involves all stakeholders in the decision making
- it helps in understanding what different stakeholder groups value more and less
- it facilitates a dialogue and future tradeoffs between the stakeholders

In this chapter, we will explain how to elicit the preferences of the stakeholders identified in Step
2, Stakeholder Analysis. The preference elicitation is carried out by using the “Swing” and “Reverse
Swing" methods. The preference elicitation is normally conducted in an interview format, face-to-face,
with the respondent. It is very important that the person asking the questions be familiar with
the methods and understands the rationale behind them. The interviewer will never talk to the
relevant stakeholders about the different biowaste treatment technologies to be considered. The
interviewees should never see or hear the names of the technologies considered in the selection
process. This might seem weird at the beginning. However, it is a very important condition to
avoid unconscious biases, preferences or rejections towards some technologies. The interviewees
will only be asked about objectives, and which objectives they consider more important than
others.

The next sub-chapters will cover the following points:

e Preparing and printing the material

¢ |[ntroducing the method to the interviewee
e Presenting the “Best-Worst case scenarios”
e Running the Swing Method

e Running the Reverse-Swing Method

e Discussion with the interviewee

"

The final weight values need to be calculated afterwards. This will be explained in Step 7.
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PREPARING AND PRINTING THE MATERIAL

There are three documents/printouts that need to be prepared to run the preference elicitation
interview. Table 71 shows the documents, and how many of which need to be printed:

Table 71: Documents required for preference elicitation interview

Document | Purpose | Number
Best — Worst o .
scenarios Descriptive One is enough (always good to have a copy)
Swing method Questionnaire to fill in As many as interviewees there are

Reverse swing

Questionnaire to fill in As many as interviewees there are
method

In the following, we will describe how to prepare the above documents.

BEST-WORST CASE SCENARIOS

The very first step in preparing for the preference elicitation interview is to prepare the “Best-
Worst case scenarios”. These are used as a baseline for the Swing and Reverse Swing approaches.
In other words, these scenarios are based on the Table 26 you completed in Step 5.

In order to create the “"Best-Worst case scenarios”, identify the best and worst score per attribute
as explained below.

Table 72: Best-Worst case scenario description

Best-case scenario Worst-case scenario

Pick the least promising performance in
every line of the table and create a
hypothetical technology that combines all those
bad performances.

Pick the most promising performance in every

line of the table and create a hypothetical technology
that combines all those promising performances.

Table 73 shows the analysis of the “Best-Worst case scenarios” based on the data from Table 26.
These are the scores obtained by the technologies for the case of San Fernando City. The best
and worst outcomes per objective (and sub-objective) are marked in green and red, respectively.
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SWING METHOD QUESTIONNAIRE

The Swing method is a scoring system used to identify how important the objectives are relative
to one another. The questionnaire required for the Swing method can easily be prepared once the
"Best-Worst case scenarios” are ready (Table 74).

The questionnaire will consist of many hypothetical technology descriptions, called scenarios.

Baseline: The worst case scenario is taken as a baseline

Each new scenario is created by changing the performances of only
one of the attributes to the best state. Since we are dealing with five
main objectives, that means that you will end up with five scenarios/
technology descriptions.

Scenarios:

The sub-objectives referring to the same objective also need to be compared against each other.
Remember, only three out of five main objectives are composed of sub-objectives: “high social
impact”, “high contribution to solid waste management” and “high environmental protection”.
The sub-objectives under the same objective are compared by preparing a worst case scenario
where they have the worst possible scores (worst case scenario). Then, the scenarios are created
by changing the performance of one sub-objective to the best state one at a time.

Please have a look now at Annex 7. There, you will find a template of the Swing method prepared
with the values of the CSF case study. First, the baseline (worst case scenario) for the main
objectives is shown followed by the five artificial scenarios. Then, the worst-case scenario and
artificial scenarios for each sub-objective are presented.

REVERSE SWING METHOD QUESTIONNAIRE

The Reverse Swing Method serves as a consistency check to assess the strength of the opinion
given by the interviewed stakeholder during the Swing Method. The Reverse Swing questionnaire
is actually the opposite of the Swing questionnaire.

Baseline: The baseline situation is the “Best-case scenario”.

Each additional scenario is generated by shifting one of the attributes
from the best case to the worst case scenario.

Scenarios:

Please check now the “Reverse Swing ” in Annex 7 and compare it to the Swing-method
questionnaire.

INTRODUCTION OF THE METHOD

Once all the material is prepared, you are ready to conduct the interviews! After arranging meetings
with the specific stakeholders, you can proceed as explained below.
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In order to carry out the process of preference elicitation in a successful way, the following
information should be given to the interviewee:

- Explain who the interviewer is

- What the purpose is of the research

(i.e. assist in the selection of a biowaste treatment technology)

- Which is the institution behind it, if any

- How the results are going to be treated (anonymous or not anonymous)

- Why the interviewee was chosen for this specific exercise (as a stakeholder group
representative, involvement level, etc.)

Then, the duration and the structure of the interview should be explained. The interview normally
takes one and a half to two hours and consists of four different parts.

® Presenting the "Best-Worst case scenarios”
e Running the Swing Method

e Running the Reverse-Swing Method

e Discussion with the interviewee

PRESENT BEST-WORST CASE SCENARIOS

The explanatory table, called “Best-Worst case scenarios” (similar to the one shown in Table 74)

is the first thing that you will show to the interviewee. Guide the interviewee through both
scenarios:

It is very important that the interviewee understands what the best
Important: possible option is and what the worst that exists is in the specific
case study.

The interviewer should clearly explain every performance score
and also explain the units used for every attribute if they are not
clear.

The following paragraph provides an example of an explanation given by the interviewer to the
interviewee on how to describe these two scenarios to the interviewee. Notice the level of detail
when explaining each attribute and its units.
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Example: interviewer talking to interviewee

"“If you observe the performance of the worst scenario for technical reliability, you will notice that
the worst possible technology in CSF would have a downtime time of 75 days per year.

As for social impact, you see that the worst alternative would have half of the maximum percentage
of potential hazards for workers (50%). The potential hazards are measured on a percentage scale
that goes from 0, which means no risks for the workers, to 100, which means there is a maximum
level of potential hazards. Examples of hazards are contact with chemicals, sharp objects or hot
surfaces, the inhalation of gases and aerosols, noise, UV radiation, etc. This means that the worst
technology would cause 50% of the maximum level of hazards possible to the employees. The
same technology would expose the community to 80% of the maximum level of nuisance that
can be achieved. Examples of nuisances that may affect a community are pest proliferation, the
inhalation of aerosols, noise and odours. This technology would also generate employment for
one person.

When it comes to environmental protection, this technology would emit 366 kg of CO, equivalents and
would represent the maximum level of risk for eutrophication, meaning that it can contaminate water
bodies in the vicinity of the installation.

The technology would only be able to treat 30% of the biowaste collected, and the same amount
of waste would be converted into residue, which would later require disposal.

In the end, it would never make any profit.

The best performing technology, on the other hand, would score very differently. It would have
no downtime through the year. As for social impact, the workers would be exposed to 10% of the
maximum hazard level, and it would cause 30% of the maximum nuisance level to the community
and would generate employment for five people.

As for environmental protection, the best performing technology would emit two kg of CO, equivalents
and would represent the lowest risk of eutrophication: there would be no leachate generated.

The technology would be able to treat 70% of the collected biowaste and would not generate any
residue for further disposal.

Finally, with this technology, the revenue would represent twice the expenses, which means it
would generate a profit.

When explaining the scenarios to the interviewee, we recommended doing it while having the
sheet of the “Best-Worst scenario” in front of you. Point at each figure as it is mentioned.

Some performances might be difficult to grasp for somebody without any environmental or economic
background. For instance, how bad is it to emit 366 kg CO, equivalents into the atmosphere? In
this case, we recommend finding similar examples that could be understood:

“When it comes to environmental protection, this technology would emit 366 kg of CO, equivalents,
which is approximately what four heavy trucks emit when they drive 100 km each. Furthermore,
the technology would represent the maximum level of risk for eutrophication, which would
represent a threat to the water bodies around the installation. Eutrophication is a chain reaction
that leads to the degradation of the water bodies. Consequently, the water bodies lose their capacity
to sustain life (fish, crustaceans, etc.)”.
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RUN THE SWING METHOD

After presenting the “Best-Worst case scenarios”, the Swing method can be carried out. This
section explains how to run this workshop.

Itis important to keep in mind that, as the interviewer, you can have great influence on the results
depending on how you present the different values or ask the questions. It is necessary to be
as explicit and neutral as possible. Do not hesitate to rephrase the question as many times as
necessary to avoid a biased answer.

The step-by-step approach used to carry out the Swing Method is as follows:

a) Give the Swing Method questionnaire to the interviewee.
e The first thing that the interviewee will see in the Swing method is the same
Worst-case scenario presented in the previous step.
e This scenario is now the reference state to which the interviewee will have to
compare other alternatives. This Worst-case will be scored 0 points.

b) Ask the interviewee to imagine the alternatives you will describe to him/her
next, in which only one of the attributes is moved to the best state.

From this set of alternatives the interviewee will be asked to choose the one that he/she
would prefer the most. That alternative will score 100.

Once the most preferred alternative is chosen, the interviewee will be asked for his
second best alternative, followed by the third and so on. Each of these alternatives will
have to be scored with a lower score than the previous one (all between 0 and 100).

The relative distance in his/her preference among each alternative should be stated. The
interviewer should help the interviewee regarding these distances.

Examples of questions that can be asked during the interview:

- How much less do you prefer this scenario over the previous one?

- Is the distance of 20 points between these two scenarios representing your
opinion?

- If you gave 100 points to your most preferred option, are you sure that your
second most preferred option should score 90? (adapt the value accordingly)
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c) Once the objectives are scored, the same will be done for the sub-objectives.
Only those sub-objectives that are under the same objective can be scored against
each other. That is to say, the sub-objectives of “High social impact” will be compared to
other sub-objectives under “High social impact” and not to sub-objectives from other
objectives.

RUN THE REVERSE SWING METHOD

After completing the Swing method, the Reverse Swing method needs to be carried out. This
section presents the definition and basic principles, followed by the step-by-step approach used
in practise.

Once again, the influence of how the interview is conducted is of great importance. The same
advice given for the Swing Method is applied here. The steps are:

a) Give the Reverse Swing method questionnaire to the interviewee. In this
questionnaire, the Best-case scenario is presented first. This will be the reference state
to which the interviewee will have to compare other alternatives. This Best-case (all

attributes at best level) will be scored 100 points.

b) Ask the interviewee to imagine the alternatives you will describe to him/her

in which only one of the attributes is changed to the worst state. From this set of
alternatives, the interviewee will be asked to choose the one that he/she dislikes most.
That alternative will score 0.

Note: all but one of the attributes are at the best level, so it could happen that an
interviewee disagrees and says “but | do not agree. This scenario cannot score O, it only
scores bad in one objective. It should deserve more than 0”. It is important to clarify
that the score 0 does not mean that the technology is worth nothing. The workshop
is based on a scale that goes from 0 to 100, the best scenario gets the value 100 and
the worst 0. We only care about the relative distances between the scores given, not
the extreme values. This has to be discussed explicitly with the interviewees to avoid
a biased evaluation.

c) Once the least preferred scenario is chosen, the interviewee will be asked for
her/his second least preferred scenario, followed by the third and so on. The
interviewee has then to specify scores, between 0 and 100, for the other scenarios with
the attribute(s) of one objective at the worst level. The relative distance in his/her preference
between each alternative should be stated. In order to get the specific values, the interviewer
should help the interviewee to state those distances.

Examples of questions that can be asked during the interview:
- How much more do you prefer this scenario over the previous one?
- Is the distance of 20 points between these two scenarios representing your opinion?

- If you gave 0 points to your least preferred option, are you sure that your second least
preferred option should score 10? (adapt the value accordingly)
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OPEN FOR DISCUSSION

After running both interviews, you will ask the interviewee for a five-minute pause so that you
can work on the answers given. Let us assume that you obtained the scores shown in Table 75
from an interviewee.

Table 75: Example of scores given in an interview — raw data

Swing ‘ Rev«_erse
Swing
High technical reliability 50 70
High social impact 90
Main objectives High environmental protection 100
High contribution to waste management 100 30
High economic feasibility 70 50
Few working hazards 100 0
LG TIELTAETNT T E TS 4l Low nuisance to community 50 50
High job creation 75 30
Environmental Low emission generation 100 0
protection Low risk of eutrophication 70 30
I g TG M High treatment capacity 100 20
to waste
management Low residue generation 80 0

The following step-by-step approach can be carried out in order to check the relevance of the
results:

1. Ranking of objectives (and sub-objectives)

What is the ranking of objectives? Based on the preference scores given to the scenarios, objectives
can easily be ranked from the most important to the least important because each scenario
directly represents one objective. For example, assume we are checking the preference scores
given in the Swing interview, shown in Table 75. We see that the most preferred scenarios are
those in which “high environmental protection” and “high contribution to waste management”
had the best possible performances. They were both scored 100. From this, we infer that for the
interviewee these two are the most important objectives, and that they are equally important (we
will later check the consistency of this preference in the Reverse Swing). The next objective in
the rank would be “high social impact” followed by “high economic feasibility” and finally “high
technical reliability”.

In order to get the ranking order from the scores given in the Reverse Swing method, an easy
method is to apply Equation 25:

Equation 25

X= - (Value -100)

Reverse swing

Table 76 shows the outcome of applying Equation 25 to the values given in Table 75. You can
easily identify that the ranking of several objectives is not the same in both methods (numbers
highlighted in red). In the Swing method, the objective “high environmental protection” scored
higher than “high social impact”, whereas in the Reverse Swing, it was the other way around.
The same happens between “high treatment capacity” and “low residue generation”. There is
no consistency in those cases.
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Table 76: Example of scores given in an interview — inconsistent ranking

Reverse

Swing Ranking

Swing ‘ Ranking ‘

High technical reliability
High social impact 90 2 100 1
Main High erjwronmental 100 ] 70 9
. protection
objectives
High contribution to waste 70 3 50 3
management
High economic feasibility 100 1 100 1
Few working hazards 100 1 100 1
ngh social Low nuisance to 50 3 50 3
impact community
High job creation 75 2 70 2
(S Low emission generation 100 1 100 1
protection Low risk of eutrophication 70 2 70 2
High High treatment capacity 100 1 80 2
contribution to
waste Low residue generation 80 2 100 1
management

Red numbers: different ranking in each method

The ranking given in both methods should, in theory, be the same. In theory, people should have
ONE opinion. However, this is often not the case. In such cases, the interviewer should explain
the inconsistency to the interviewee. Once the interviewee understands the different rankings
given, he/she should reflect on which of the rankings is more proximate to his/her real preference.
The text below provides an explanatory example of how to interact with the interviewee.

Example: interviewer talking to interviewee - inconsistent ranking

As you can see, in the first exercise (Swing) you said that the scenario which scored high for the
objective “High contribution to solid waste management” and bad for all the other objectives was
preferred over the alternative that scored high for “High social impact” and bad for all the other
objectives. That means that you value “High contribution to solid waste management” more than
“high social impact”.

However, in the second exercise (Reverse Swing) your opinion changed and your least preferred
scenario was that which scored bad for “high social impact” and good for all the other objectives,
meaning that you mainly care about “high social impact”.

You should refine this. Which of the scenarios do you prefer?

The interviewee should then refer back to the scenarios in the Swing method and the Reverse
Swing method and ask the interviewer to think it through once more. If the real preference is
something in between the results obtained for both methods, then the interviewee should specify
the ranking order and the relative distances between the alternatives. Table 77 gives the final
output from the interview (converting the new values obtained with the Reverse Swing again
with Equation 25).
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Table 77: Example of scores given in an interview — consistent ranking

. . Reverse -
Swing ‘ Ranking ‘ Swing ‘ Ranking
High technical reliability
High social impact
Main High erjwronmental 100 ] 100 1
. protection
objectives
High contribution to waste 70 3 50 3
management
High economic feasibility 100 1 100 1
Few working hazards 100 1 100 1
ngh social Low nuisance to 50 3 50 3
impact community
High job creation 75 2 70 2
(S Low emission generation 100 1 100 1
protection Low risk of eutrophication 70 2 70 2
High High treatment capacity 100 1 100 1
contribution to
waste Low residue generation 80 2 80 2
management

2. Relative distances between objectives (and sub-objectives)

Now, the ranking is the same for both methods. However, notice that the points given in each
method for the main objectives are not exactly the same, thus, the relative preferential distances
between the objectives differ. As long as these distances are not diverging considerably from
each other this is not a problem, since the average value of both points will be used later on.

If the distances are considerable, the interviewer should explain the inconsistency. Then the
relative preferential distances should get closer by referring again to the scenarios shown in the
Swing and Reverse Swing methods.

Examples of questions to ask during the interview:

e |s the distance of 20 points between these two scenarios representing your opinion as
you stated in the first questionnaire (Swing) or is it rather 40 as you stated in the second
questionnaire?

e How much more do you prefer this scenario over the previous one? 20 points? 40
points?

After coming up with a consistent ranking order and relative preferential distances, the interviewer
can do a summary of the resulting preferences and conclude the interview.
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STEP7:

What is the final score for
each technology?

Data analysis

At this point, if all the previous steps have been carried out satisfactorily, you should have a:

e Table of performances: the performances of all treatment technologies for every
objective (similar to Table 26, but completed for all objectives).

e Preference elicitation: the scores given by every stakeholder interviewed to every
objective and sub-objective.

This chapter will cover the following contents.

Step 7: What is the final score for each technology? Data analysis...........................co 151
PrOCESSING WEIGNTS .. it 152
Normalisation of PerformManCes. ... .ot 154
Calculating fiNAl SCOMES......i it 157
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PROCESSING WEIGHTS
Through the preference elicitation, you obtained an objective ranking with scores between 0 and
100. These scores need to be processed to obtain weights.
Weights are values that range from 0 to 1 and give an indication of the preferences of each stakeholder.
To obtain weights, we normalise the scores obtained with the Swing method with Equation 26;
Equation 27 is used to normalise the scores obtained with the Reverse Swing method.

Normalising the Swing method scores:

Equation 26

] Score,
Weight, =

Score, + Scorey+ Score, + ...

Normalising the Reverse swing scores:

Equation 27

100 - Score,,
~(100- Score, ) + (100 - Score ) + (100 - Score,) + ..

X

Where:
* Weight,: weight of objective or sub-objective x. This is the value we want to get.
e Score,: score given to objective x during the Swing method (in Equation 26) or the
Reverse Swing method (in Equation 27).
e |In the denominator: we total all the scores given to the same level objectives or
sub-objectives. The number of objectives to be considered are:

- Five main objectives

- Three sub-objectives for “High social impact”,

- Two sub-objectives for “High contribution to solid waste management”
- Two sub-objectives for “High environmental protection”

As an example: Table 78 shows the points using the Swing method and Reverse Swing method.
Next to the scores given in the questionnaires, the derived weights are also shown.
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Table 78: Scores and correspondent weights of the fundamental objectives

. Reverse Swing
Swing method method Average

weights
Points | Weight' | Points | Weight?

High technical reliability 50 0.122 70 0.081 0.102
High social impact 90 0.220 10 0.243 0.231
Main g EieminemE] 100* 0.244 0 0.270 0.257
. protection
objectives
High contribution to | 54 0.171 50 | 0135 | 0.153
waste management
High economic feasibility 100* 0.244 0 0.270 0.257
Few working hazards 100 0.444 0 0.455 0.449
ngh social Low nuisance to 50 0222 50 0357 0163
impact community
High job creation 75 0.333 30 0.368 0.236
(TS Sl Low emission generation 100 0.588 0 0.588 0.588
protection Low risk of eutrophication 70 0.412 30 0.412 0.412
High High treatment capacity 100 0.556 0 0.556 0.556
contribution
to waste Low residue generation 80 0.444 20 0.444 0.444
management

"Calculated using Equation 26; ?Calculated using Equation 27
*See that in this case two main objectives were scored 100.

Calculation example from the Swing method scores and the sub-objective “Few working hazards”:

Score,, .. 100
- = =0.444

Score + Score + Score,,., 100 + 50 +75

w.safety nuisance

working safety —

The weights calculated from the Swing method scores and those from the Reverse Swing method
scores may differ. In such cases, we use the average of both values (last column in Table 78).

As more than one stakeholder will be interviewed, the weights obtained will represent the opinion
of different stakeholders. Very rarely will the weights of two different stakeholders match
completely. With many stakeholders, it is not realistic to consider each preference separately.
Three different approaches to aggregate the preferences are explained below.

¢ Keep each Individual stakeholder separate (no aggregation): if just a few
stakeholders are involved in the decision process (i.e. fewer than five), their preferences

(weights) can be taken into consideration individually.
e Cluster by Stakeholder groups: Different criteria can be used when clustering

stakeholders. Possible clustering criteria can be: profession, interest level, power to
influence, etc.
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After each stakeholder has been assigned to one stakeholder group or cluster, the weights of
each stakeholder in the same cluster are averaged for each objective (and sub-objective). It is
important to be aware that we are losing some of the information, since the extreme opinions are
lost through the averaging. This option is preferred if discussion among stakeholders is desired.
Inviting all stakeholders and showing them the results of each stakeholder group will trigger
discussion and, ideally, final consensus.

* Atotal aggregated value among all stakeholders: The last approach is to aggregate
all the weights obtained from the different individual stakeholders by calculating one
single average for each objective and sub-objective. This approach will not show the
diversity between stakeholders or stakeholder groups.

NORMALISATION OF PERFORMANCES

When looking at your table of estimated performances (similar to Table 26), you will realise that
a different unit is used to estimate the performances of each objective for every technology
(e.g. days/year, % of maximum hazard level, workers employed, level of risk of eutrophication,
income-expenditure ratio, etc.). The performances need to be normalised into a unit-less scale
that goes from 0 to 1 in order to calculate the aggregated performance of every technology for all
objectives. The value 0 indicates the worst value and 1 the best value. The step-by-step approach
is the following:

1) Check the performances of the technologies under consideration

Consider once more the best and worst values as explained in Table 73. In theory, we
should assign the value 0 to the worst performance and 1 to the best. However, similar
to what we did before (Table 74), we advise you to extend the values for the best and
worst performances a bit. This is to ensure that if a new treatment technology is
considered in the future and it scores better or worse than current ones, it will not fall
out of the scale from 0 to 1.

2) Checking the “direction of changes” of the objectives
If you remember, we said that every objective needs to be phrased with a direction:
“low” or “high” in the case of the objective hierarchy of this manual:

e “low"” or "few" : best value is the smallest » assigned to 1
e “high”: best value is the highest » assigned to 1

3) Generating the normalised table

Now that we know the directions and we agreed on how much we will expand the best
and the worst values, we are ready to generate the normalised table by using Equation 28.
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Equation 28

Performance |, - Worst,

Best, - Worst,

Where:
¢ N} Normalised value of the performance of treatment technology Y for fundamental objective X.
e Performance ) : The performance of treatment technology Y for fundamental objective X.

* Worst,: the worst value obtained (extended value) for objective X.
* Best,: the best value obtained (extended value) for objective X.

Once that is computed, the normalised table can be generated. Table 80 shows the normalized

table for the case study of San Fernando.
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CALCULATING FINAL SCORES

Now, we need to calculate the aggregated score for each technology, considering weights and
performances. Here, we suggest a method called the additive model. The additive model determines

the value of a treatment technology as:

Equation 29

m
vA=E wo-vA
X X

!

Where:
e vA: value of the treatment technology A.

e m: number of main objectives (in this case 5)
* w . weight of main objective X.

o v
- For the main objectives, "high technical reliability” and “high economic
feasibility”, v£ is the normalised value of the performance of treatment technology

A for one of the main objectives.
- For the main objectives, “high contribution to waste management”, “high

social impact” and “high environmental protection”, v # is calculated using

Equation 30.

Equation 30

A_E .
vi= WV,

i

Where:
* w. weight of sub-objective r (sub-objective of main objective X).

e v/ normalised value of the performance of treatment technology A for sub-objective r.

e m: number of sub-objectives

Let us consider an example for a technology. Table 81 shows the normalised values of the
performances of all treatment technologies for all objectives (from Table 80), as well as the average
weights assigned to each objective and sub-objective (from Table 78).
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STEP 8:
Displaying and interpreting
results

How we illustrate results is important to how we convey our message. In this chapter we will
learn some simple visualisations that can be used to show the results. This are the contents of
this chapter.

Step 8: Displaying and interpretingresults......................cccoiii 159
Weights - One StakenOIAET.......c.uiiiiiiiicc e, 160
Weights — Multi-stakeholder — same CIUSTEr.........ociiiiiiii 161
Weights — Multi stakeholder — different clusters............c..cooooieiiiiiiiiiiccc e, 163
Technology PEIfOMMANCES. .....iiiiiiit et 166
Final scores per technology— One stakeholder.............cc.oooiiiiiiiici e 167
Final scores per technology — Multi stakeholder — same cluster............cccccoovieiiiiiinn. 168
Final scores per technology — Multi stakeholder — different clusters................c........... 169
STolCT T 1 To L PSP USSR TPRPSPRRPR 174
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First, let us have a look at the things that can be represented with illustrations:

¢ \Weights given by individual stakeholders to the main objectives and sub-objectives

¢ \Weights given by stakeholders from the same cluster

* \\eights given by stakeholders from different clusters

e Normalised performance values per technology

e Final scores per technology considering weights given by one stakeholder

e Final scores per technology considering weights given by stakeholders from the same
cluster

e Final scores per technology considering weights given by stakeholders from different
clusters

Out of this list, normally only three points are relevant to summarise the entire evaluation exercise:

¢ \\eights given by stakeholders from different clusters

e Normalised performance values per technology

e Final scores per technology considering weights given by stakeholders from different
clusters

In the coming pages, the case of San Fernando City will be used to illustrate all these graphs.

WEIGHTS - ONE STAKEHOLDER

Plotting the preference of a stakeholder is interesting when you want to inform the stakeholder
of the preferences he/she showed when doing the Swing and Reverse Swing methods. As an
example, let us consider the same weights as the ones shown in Table 78. These are the average
weights obtained through both methods, after checking that the rankings of the objectives and
sub-objectives are equal and that the relative distances do not vary a lot. The weights given to the
main objectives can be depicted using two types of charts: spider-webs and columns as shown

in Figure 31.
Tech.reliabilty
03
0,3
w 0,2 4
=
Econ. feasib. Social impact >
g 0,1 -
0 4
S & & & N
B 2 L K 5
& ¢
- . <& ’ o (éé ‘\\‘3) <«
Contribution WM Env.protection < o

Figure 31: Weights given by a single stakeholder to five main objectives. Two chart types: spider
web and columns

Based on the objective hierarchy considered in the manual, the number of sub-objectives under
the same main objective is either two or three. Therefore, column charts are enough to present

all variations. These are presented in Figure 32.

Note: although all sub-objectives have been presented in the same graph, they can only be
compared if they share the same main-objective. It is, therefore, incorrect to conclude that the
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weight of the sub-objective “few working hazards” is lower than that of “low emission generation”.
These two sub-objectives were never assessed against each other and the weights of the
main-objectives they refer to need to be considered in order to allow for comparison at the level
of sub-objectives.

0,6

0,5
w 0,4 -
B
g 0,3
0,2
0,1 - .
0 -
Hazards | Nuisance | Jobs Emissions  |Eutrophication Treat. Cap. Residue
High social impact . Environmental protection . High contribution to WM

Figure 32: Weights given by a single stakeholder to the sub-objectives. Column chart

WEIGHTS - MULTI-STAKEHOLDER - SAME CLUSTER

In most studies, however, more than one stakeholder will participate, and they will most likely
have divergent opinions. Compiling their opinions visually is, therefore, very important. This
becomes clear when we look at the following weights given by 12 different stakeholders. These
are the weights given by the Pollution Control Officers (PCOs) from the City of San Fernando. As
explained in section “CSF - Case study (Step 2)", the PCOs are responsible for the accomplishment
of the environmental ordinances of the municipality. Although all 12 stakeholders belong to the
same stakeholder cluster, their preferences are not equal as can be seen in Table 82.

Table 82: Weights given to objectives and sub-objectives by 12 Pollution Control Officers (PCO)
in CSF

Tech.

S 0.10 | 0.20 | 0.14 | 0.15 | 0.08 | 0.15 | 0.14 | 0.08 | 0.01 | 0.13 | 0.03 | 0.06
reliabilty

Social

. 0.2310.20(10.21 [0.16 | 0.260.19 | 0.22 ] 0.29 | 0.15 | 0.19 ] 0.24 | 0.31
impact

Env.
protection

Contrib.
WM

Econ.
feasib.

Hazards 0451034 (036 |0.23(039]0.38|0.23(0.33|0.43(0.34]|0.38]0.25

0.26 1 0.20 | 0.32 | 0.32 [ 0.26 | 0.28 | 0.33 | 0.18 | 0.33 | 0.27 | 0.27 | 0.27

0.26 | 0.20 | 0.22 | 0.20 [ 0.23 ] 0.23 | 0.17 | 0.34 | 0.37 | 0.20 | 0.30 | 0.20

0.15 | 0.20 | 0.10 | 0.17 | 0.16 [ 0.15 | 0.15 | 0.11 | 0.14 | 0.21 [ 0.15 | 0.16

High
Py - B Nuisance | 0.22 | 0.33 | 0.46 | 048 | 0.37 | 037 [0.33 | 0.41 | 0.40 | 0.41 | 0.36 | 0.36
impact NS 033 033|018 | 029|024 |025|044| 027|017 |025]|0.26 | 0.39

High Emissions | 0.69 | 0.50 | 0.59 | 0.72 | 0.35 | 0.58 | 0.42 | 0.71 | 0.84 | 0.79 | 0.49 | 0.73

env._ Eutro-
_protection PRI

0411050 (0411028 [065]|042|0.58|0.29|0.16 [ 0.21 ] 0.51 | 0.27

High e 0.56 | 0.50 | 0.47 | 0.29 | 0.33 | 0.46 | 0.44 | 0.37 | 0.21 [ 0.25 | 0.59 | 0.60
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How can we illustrate this information? Since the number of stakeholders is considerable (12),
spider webs might not convey the information in a clear way (Figure 33). Furthermore, it is not
possible to conclude which of the objectives is most important for the stakeholder group. Further
statistical analysis is required.

Tech.reliabilty
0,40

Econ. feasib. Social impact

Contribution WM Env.protection

w— PCO-1 PCO-2 PCO-3 == PCO-4 s PLO-5 s PCO-6

e PCO-7 e P(()-§ esP((O-Q emmmmmP(C(Q-10 <P (O-1] =P CO-12

Figure 33: Spider web displaying the weights given by twelve Pollution Control Officers (PCOs) in
CSF to the main-objectives

Boxplots or box-whisker diagrams are, in this case, useful to display these data. The line at the
centre of the box is the median. The upper and lower limits of the box represent the range over
which 50% of the values fall. Sticking out of the top and bottom of the box are two whiskers
which extend to the maximum and minimum weights obtained. These types of boxes give us an
idea of the variability of the weights given to one objective and also show which objectives are
considered more important.

0,40 0,40
0,35 T 0,35
0,30

o
0,25 * - 0,25

2

<=

0,20 1 T 0,20

= 0,15 % | + 0,15
0,10 0,10
0,05 Il 0,05
0,00 : : . . 0,00

Tech.reliabilty Social impact Env.protection  Contribution WM Econ. feasib.

Figure 34: Boxplot displaying the weights given by twelve PCOs in CSF to the main-objectives.
Average values are shown by the yellow dots. Median: line of the centre of the box. The upper
and lower limits of the box: range over which 50% of the values fall. Upper and lower whiskers:
maximum and minimum weights obtained.

According to the majority of the PCOs in the City of San Fernando, there is not clear consensus on
which of the three objectives (i.e. “high environmental protection”, “high contribution to waste

management” or “high social impact”) is the most important objective (Figure 34).
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Although “high env. protection” has the highest average, some PCOs weighted "high contribution
WM" higher (see the upper whisker). Besides, the median for “high contribution to WM" and
"high social impact"” are very close. Nevertheless, there is consensus (around 75% of respondents)
on the fact that the objective “high technical reliability” is the least important, followed by “high
economic feasibility".

0,90 090
0,80 T 0,80
0,70 0,70

o:ao I i !
Eﬂ 0,40 ; + L } i ¢ | 0,40
030 T— i l l 030

|
0,20 I 1 0,20

Emissions  |Eutrophication| Treat. Cap. Residue

High environmental
protection

High social impact High contribution to WM

Hazards Nuisance Jobs ‘

Figure 35: Boxplot displaying the weights given by twelve PCOs in CSF to the sub-objectives.
Average values are shown by the yellow dots

As displayed in Figure 35, there is not much difference between the weights given to the
sub-objectives of “high social impact”; therefore, no clear conclusion can be drawn about which
of these sub-objectives is more valued. Emissions were, however, given more importance than
eutrophication, and “low residue generation” was valued slightly higher than "“high treatment
capacity”.

WEIGHTS - MULTI STAKEHOLDER - DIFFERENT CLUSTERS

Now that we have analysed the variability within one stakeholder cluster, let us have a look at how
to assess the variability when different stakeholder clusters are considered. Figure 36 and Figure
37 are based on the weights given to the main objectives by the stakeholders shown in Table 83.
The weights are provided in Annex 8.

Table 83: Stakeholder cluster and number of stakeholders per cluster interviewed in CSF

Stakeholder cluster | Number of stakeholders
Cit\! of Environmental & Natural Resource 6
Office (CENRO)
City of General Service office (GSO) 6
NGO 6
Junkshop 7
Pollution Control Officers (PCO) 12

Figure 36 displays how each stakeholder cluster weighted each main-objective, whereas Figure
37 displays how each main-objective was weighted by each stakeholder cluster. In both figures,
the inter-cluster variation of the preferences are shown by whiskers and sizes of the boxplots.
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Figure 36 clearly shows that, in spite of the inter-cluster differences, each cluster presents some
trends. The following conclusions can be drawn:

e The PCOs weighted "“high environmental protection”, “high contribution to WM" and
"high social impact” highest. “High technical reliability” and “high economic feasibility”
are scored lowest. This is understandable, since they are responsible for environmental
matters in the barangays (districts) of the city. Low weights were given to “high
technical reliability”.

e The CENRO cluster also weighted “high environmental protection”, “high contribution
to WM™ and "high social impact” highest. This is understandable, since they represent
the environmental office of the city. The lowest weights were given to “high technical
reliability”. There is consensus on the weight given to “high economic feasibility".

e The GSO cluster weighted “high contribution to WM™ and “high technical reliability”
the highest. This is understandable, since they are responsible for the logistics of the
SWM system in the city.

e The NGO cluster weighted “high social impact” and “high environmental protection”
highest closely followed by “high contribution to WM". Low weights were given to
“high technical reliability”.

e The Junkshop cluster weighted “high economic sustainability” highest, which comes
as no surprise since their business depends on the profit from dealing with waste
materials.

Figure 37 clearly depicts how each main-objective was weighted by each stakeholder. The
following conclusions can be drawn:

e “High technical reliability” is highly weighted only by the GSO, followed by the Junkshop
cluster. These two stakeholders are aware of the logistics and the importance of having
little downtime.

e “High social impact” is highly weighted by the NGO cluster, followed by the CENRO
and PCO clusters. Some respondents in the GSO and Junkshop clusters also scored it
high, but the medians of the clusters are considerably lower.

e "High environmental protection” is highly weighted by the PCO, CENRO and NGO
clusters. The CENRO, however, shows more consistency within the cluster than the
NGO (notice the smaller size of the boxplot and the shorter whiskers).

e All clusters, in general, gave similar weight to “High contribution to WM". Although
some PCO and CENRO stakeholders weighted it higher, the GSO cluster shows the
highest median and less variability within the cluster.

e “"High economic sustainability” is highly weighted by the Junkshop cluster. All other
clusters gave relatively low weights, a clear sign that they do not see Waste Management

as a business.

In this manual, the analysis of the sub-objectives will not be elaborated. These can be evaluated
by following the same process as explained above.
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TECHNOLOGY PERFORMANCES

Spider webs are one good way of conveying the normalised performance values of the technologies.
Have a look at Figure 38. The different technologies are represented by coloured lines, whereas
the objectives and sub-objectives are the different axes. The scale is represented by the distance
from the centre of the web to the tip of the axe. Remember that 1 represents the best score and
0 the worst score.

Composting Windrow In vessel composting

Low downtime Low downtime

eutrophication

ow downtime D
.55\
\ PR

A

ow emissions

Low nuisance Low residue Low nuisance

High job
creation

eutrophication

BSF Slow Pyrolysis

Low downtime

T
/>

eutrophication

gh job
creation

ow emissions

Figure 38: Spider web charts displaying the performances of five biowaste treatment technologies
for different objectives and sub-objectives for the context of CSF
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FINAL SCORES PER TECHNOLOGY- ONE STAKEHOLDER

Let us now plot the scores of each technology based on their performances and the weights
given by a single stakeholder. First, the scores obtained by each technology need to be calculated
using Equation 29 and Equation 30. Based on the data shown in Table 81, the scores shown are
obtained for each technology.

Table 84: Scores obtained by each technology based on their performances and the weights given

by a single stakeholder

Windrow composting 0.47
In-vessel composting 0.51
Vermicomposting 0.48
Anaerobic digestion 0.65
Black Soldier Fly 0.65
Slow pyrolysis 0.64

The scores obtained by each technology can be depicted using two types of charts: spider-webs
and columns as shown in Figure 39.

Windrow C.
0,8

InVessel C.

Score

Figure 39: Scores obtained by each technology based on their performances and the weights
given by a single stakeholder (spider web and bar-chart)

Based on the weights considered and the performances of the technologies for the context of

CSF, anaerobic digestion and BSF are the technologies that score highest, closely followed by
slow pyrolysis. The composting technologies obtained the lowest scores.
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FINAL SCORES PER TECHNOLOGY - MULTI STAKEHOLDER - SAME CLUSTER

In most studies, there will be more than one stakeholder, and they will most likely have diverging
opinions that will result in different weights being assigned to each objective. Consequently,
each technology will get a different score depending on whose weights are considered in the
calculations.

How can this heterogeneity be aggregated and summarised?

Boxplots convey all this information in a condensed manner. Making use of a Spreadsheet, the
scores per technology can be calculated for every stakeholder (Table 85) and then displayed as
in Figure 40.

Table 85 Scores per technology based on weights given by 12 Pollution Control Officers (PCO)

in CSF
Windrow In-vessel Vermi Slow
Composting | composting | composting ) ‘ Pyrolysis

PCO-1 0.57 0.61 0.53 0.61 | 0.62 0.66
PCO-2 0.53 0.51 0.49 0.66 | 0.57 0.73
PCO-3 0.58 0.63 0.58 0.68 | 0.61 0.63
PCO-4 0.55 0.57 0.6 0.67 | 0.65 0.64
PCO-5 0.56 0.61 0.563 0.63 | 0.63 0.69
PCO-6 0.57 0.59 0.56 0.66 | 0.61 0.68
PCO-7 0.55 0.58 0.5 0.67 | 0.62 0.71
PCO-8 0.59 0.63 0.57 0.54 | 0.59 0.63
PCO-9 0.62 0.71 0.7 0.53 | 0.73 0.6
PCO-10 0.52 0.54 0.58 0.65 | 0.66 0.64
PCO-11 0.56 0.64 0.5 0.58 | 0.62 0.65
PCO-12 0.51 0.56 0.49 0.6 | 0.62 0.58

0,75 0,75

0,70 . T I 0,70
0,65 ﬁ - 0,65
0,55 * | - 1| 0,55

0,50 I 0,50

Score
_D
3
_|
L
m I
——
o
3

0,45 . . . . . 0,45
Windrow C. InVessel C. Vermi C. AD BSF SP

Figure 40: Boxplot and average values of scores per technology based on weights given by 12
Pollution Control Officers (PCO) in CSF
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The following conclusions can be drawn based on Figure 40:

e Based on the average values, the ranking of technologies is: slow pyrolysis (0.65),
BSF (0.63) AD (0.62), in-vessel composting (0.60), windrow composting (0.56) and
vermicomposting (0.55).

e However, when looking at the medians, there is not much difference between slow
pyrolysis (0.65) and AD (0.64), which are followed closely by BSF (0.62).

e |n addition, based on the dispersion (height of boxes and length of whiskers), it is not
possible to conclude that one or the other performs better.

e \Vermicomposting obtained the lowest average score (0.55) and median (0.54) and,
therefore, the lowest score, but also the biggest separation between the 1t and 3
quartiles, implying the lowest agreement.

FINAL SCORES PER TECHNOLOGY — MULTI STAKEHOLDER - DIFFERENT
CLUSTERS

After checking how to analyse the scores obtained by each technology based on their performances
and considering the weights given by one stakeholder cluster, let us now have a look on how to
display and interpret the variability in scores obtained when the weights from different stakeholder
clusters are considered. Figure 41 and Figure 42 display the scores obtained per technology
based on the weights given to the main objectives by the stakeholders shown in Table 83.
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Based on Figure 41, the following points can be concluded:

e Each stakeholder cluster yielded a different ranking of the technologies

e Scores based on PCOs' preferences:
- There is not much difference between the median values of slow pyrolysis
(0.65) and AD (0.64), which are followed closely by BSF (0.62)
- Considering the dispersion (height of boxes and length of whiskers), it is not
possible to conclude that any technology performs better than any other
- The composting technologies scored slightly lower than the others
- Vermicomposting obtained the lowest median score (0.54), but also showed
the biggest separation between the 1st and 3rd quartiles, implying the lowest
level of agreement

e Scores based on CENRQO's preferences:
- Slow pyrolysis and AD would obtain the highest scores, without much difference
between each other (the boxplots overlay in the same range), although slow
pyrolysis has a slightly higher median (0.67) than AD (0.63)
- In-vessel composting and BSF follow thereafter. The boxplots also overlay and
they have very similar medians (0.59 for in-vessel and 0.58 for BSF)
- Vermicomposting would score worst, followed by windrow composting

e Scores based on GSO's preferences:
- Slow pyrolysis is the clear winner, according to this cluster, followed by anaerobic
digestion.
- There is no significant difference among the scores obtained for the other
technologies

e Scores based on NGO's preferences:
- Although AD has a higher median (0.66), there is no important difference
among the score ranges obtained by AD, slow pyrolysis, BSF and in-vessel composting
- Windrow composting and vermicomposting would score lowest

e Scores based on Junkshops' preferences:
- Slow pyrolysis obtained the highest median (0.79), and according to the weights
of more than half of the respondents in this cluster, it would be the technology
with the highest score
- AD (0.64) and BSF (0.62) would be in second place, without a significance
difference between them
- The composting technologies would score significantly lower
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Based on Figure 42, the following points can be concluded.

e Considering the weights from all the stakeholders involved, which are shown on the
aggregated scores for each technology, slow pyrolysis and AD would obtain the highest
scores, followed by BSF. The composting technologies would rank the lowest

* The high scoring technologies would, therefore, satisfy the preferences of the majority
of the stakeholders and obtain better performances under the characteristics of CSF

e \Windrow composting:
- This technology would not satisfy the preferences of the stakeholders. Based
on the weights of most respondents, it obtained a score between 0.5 - 0.6
- This was the technology that obtained the lowest score when the preferences
of the Junkshop cluster were considered. It needs to be stated that “high
economic feasibility” was highly weighted by this cluster, and composting
scored lowest for that objective

® [n-vessel composting:
- This technology scored higher than windrow composting for some stakeholder
clusters (PCO, CENRO and NGO), but lower for some others (GSO and
Junkshop). This is probably because it scored higher for the environmental objectives,
but lower for the technical reliability
- All in all, the aggregated value for this technology is not significantly different
to that of windrow composting.

e \Jermicomposting:
- This technology scored lower than the previous two for almost all respondents
- In spite of performing better for “low nuisance” and “low emissions”, it
performs considerably worse for “high job creation” and “high treatment capacity”,
which out-performs the better performances obtained in the previous two
sub-objectives.

e Anaerobic digestion:
- This technology scored considerably higher than the composting technologies
- The medians shown by all clusters are very similar, regardless of the different
consensus levels observed within each cluster

e Black Soldier Fly processing:
- This technology scored higher than the composting technologies, but lower
than AD
- This technology obtained the lowest scores based on the preferences of the
GSO cluster. “High contribution to WM™ and “High technical reliability” are the
most important objectives for this cluster, against which this technology obtains
low scores

e Slow pyrolysis:
- This technology was very highly scored by the majority of the respondents in
the GSO and Junkshop clusters. For the other clusters (PCO, CENRO and NGO),
the scores obtained are not significantly different to those obtained by AD
- The aggregated value of this technology is the highest of all
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SCENARIOS

Once the previous analysis is conducted and the illustrations are ready, you might come up with
some of the following questions:

e How much better could the best technology score if it would perform better for
objective X?

e What if my second best technology would improve its performance for the objective
in which it scored weakest? Would it then score better than the best technology?

e Why is the worst technology scoring so low? For which objectives did it perform
poorly? Could that be improved?

These are interesting answers that call into question the final scorings, such as the one shown
in Figure 42. Imagine that a technology scores poorly for the objective “high technical reliability”
because there are no spare parts available in the case study. How much better would it score
if spare parts could be ensured? Sometimes, it is worth spending a bit more time analysing the
data in order to bring these type of issues to the surface.

We assume that preferences are more difficult to change than improving the performance for
some objectives. Of course, the performance for some objectives will be impossible to change
in the short term. For instance, if there is no market for compost, creating a demand will be very
difficult. Similarly, the percentage of biowaste that is turned into residue per technology cannot
be altered.

The performance for other objectives, however, could sometimes be improved. For instance,
changing the characteristics of the available biowaste in order to increase the treatment capacity
of a given technology, could be feasible depending on the context. Below, we provide some
indications of how to proceed when such aspects need to be assessed. The case from CSF will
be considered.

e First, the spider-webs (Figure 38) of the technologies should be re-checked and the
objectives for which they perform poorest should be noted. This is done in Table 86;

they are ordered according to the scores obtained.

Table 86: Objectives with the poorest performance per technology for the case of CSF

1. Slow Pyrolysis | 2. AD | 3. BSF

Low hazards (0.07)

High job creation (0.0)

Low downtime (0.2)

Low nuisance (0.1)

High capacity (0.19)

Low nuisance (0.17)

Low emissions (0.09)

Low residue (0.0)

High capacity (0.19)

4. In-vessel composting

5. Windrow composting

6. Vermicomposting

High economic f. (0.0)

High economic f. (0.0)

High job creation (0.0)

Low nuisance (0.24)

Low nuisance (0.24)

High economic f. (0.12)

Low downtime (0.29)

High capacity (0.19)

® Then, the objectives that are realistically improvable need to be identified. These are

shown in Table 87.
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Table 87: Feasibility of improving the performance for the worst performing objectives per technology in CSF

(Sub-) oo Current | Adjusted
e Objective Sl llisy score Score
Feasible: the low score is due to “contact
Low with hot surfaces’ “inhalation of gases” and (0.07) 0.4
hazards “manual handling” (Table 30). Protection ' '
measures could be taken (gloves, masks).
p sr‘:)clm‘lsis Low Partially feasible: the low score is due to
yroly NUiSance “inhalation of aerosols’ “noise” and “odour” (0.1) 0.2
(Table 33). Reducing their impact implies high costs.
Low Not feasible: implies high costs. 0.09) -
emissions
Partially feasible: the low score is due to
Low “water” and “skills needed” (Table 57).
downtime Improving the availability of water requires (0.2) 0.5
big investments. Ensuring the skills needed
is possible.
Low Not feasible: the low score is mainly due to
I “odour” (Table 33). Avoiding this implies big (0.17) -
investments.
High Not feasible: in this context, this is not
cagacit possible due to the lignocellulosic nature of a (0.19) =
pacity big portion of the waste (coconut shells).
High iob Feasible: hiring more people is possible.
crgati]on This will reduce the economic feasibility even (0.0) 0.3
more. Not ideal.
High Not feasible: in this context, this is not
cagacit possible due to the lignocellulosic nature of a (0.19) =
pacity big portion of the waste (coconut shells).
Low Not feasible: this technology will always
residue generate digestate. Creating a market for it is (0.0) =
not feasible in the short term.
High Not feasible: creating a market for compost 0.0) )
economic f. | in the short term is considered not feasible. '
Low Not feasible: the low score is mainly due to
In-vessel nuisance “odour” and “noise” (Table 33). Avoiding this (0.24) -
; implies big investments.
composting
Partially feasible: the low score is due to “water”
Low and “spare parts” (Table 57). Improving the (0.29) 05
downtime availability of water requires big investments. ' '
Ensuring the availability of spare parts is feasible.
High Not feasible: creating a market for compost (0.0) .
T economic f. [ in the short term is considered not feasible. ‘
indrow
Composting [JIM Not feasible: the low score is mainly due to
I — "pests’ “odour” and “noise” (Table 33). Avoiding (0.24) -
this implies big investments.
High iob Feasible: hiring more people is possible.
Crgaﬂ‘on This will reduce the economic feasibility even | (0.0) 03
more. Not ideal.
Vermi High Not feasible: creating a market for
. 9 . vermicompost in the short term is considered not | (0.12) -
(Wl LIS [l economic f. feasible
High Not feasible: in this context, this is not
cagacit possible due to the lignocellulosic nature of a (0.19) S
pacity big portion of the waste (coconut shells).

Based on the evaluation shown in Table 87, we conclude that Slow Pyrolysis is the technology for which
most feasible improvements can be done. The performance of AD and vermicomposting for the objective
"high job creation” were not changed due to their negative impact on the economic feasibility (higher labour
costs). The improvements for BSF and In-vessel composting could not out-rank the scores of Slow pyrolysis
with or without improvements. Figure 43 shows the potential scores that slow pyrolysis would obtain, if the
improvements are applied (compare this graph to Figure 42). Based on the comparison of the aggregated
scores per technology, it can be concluded that slow pyrolysis would perform best for the case of CSF.
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STEP 9:
Final discussion

In this chapter, we will cover how to conduct the last exchange with the stakeholders. The goals
of this final exchange are twofold. On the one hand, the person in charge of the assessment
needs to share the final results of the study with the stakeholders involved, or representatives of
each stakeholder cluster. The following information should be shared:

e Summary of the weights given by each stakeholder cluster (for the case of CSF, this is
shown in Figure 36 and Figure 37)

e Summary of the performance of each technology for the given case study (for the
case of CSF, this is shown in Figure 38).

e Summary of the scores obtained by each technology based on the weights and
performances (for the case of CSF, this is shown in Figure 42).

e Newly created scenarios (as the ones at the end of the previous step) and the required
adjustments to improve the performances for the given objectives.

One must guide the stakeholders in understanding the graphs. Some stakeholders might need
time to really understand what each chart is conveying and how to look at it. Explain the parameters
that are shown in the vertical and horizontal axes, as well as the units, if any. There is no point in
showing graphs if the stakeholders are unable to interpret what is shown in them. If this is the
case, simpler graphs might need to be prepared (normal column bars with the medians or average
values instead of boxplots).

On the other hand, these exchanges are the most suitable moments to extract some final bits of
relevant information from the stakeholders. At this point, we are interested in mainly two aspects:

¢ Checking if the requirements for the newly created scenarios are feasible

If scenarios have been prepared, check with the local stakeholders whether the assumed
changes are realistic and feasible. Consider that, as shown in the previous example, the
performance of Slow pyrolysis could improve if masks and gloves were provided (“few
working hazards”), or assume that the performance of in-vessel composting could be
improved providing there is a supply chain for spare parts. Then, the availability of such
items or the feasibility of starting such a supply chain would have to be checked. If not,
these scenarios should be cancelled.

¢ Identifying social acceptance issues

When explaining the scores obtained by each technology based on the weights and
performances and when pointing out which technologies scored best, it is important to
gather the reactions and opinions of the stakeholders. This is now when social acceptance
issues might arise; they would be easily identifiable.

A technology might score very well for all objectives and still be rejected by some stakeholders
or clusters of stakeholders. The reasons for this might go beyond the aspects considered in this
manual (political pressure, distrust in the companies in charge, corruption, etc.). Therefore, if
stakeholders blindly reject some of the technologies, the evaluator should identify the reasons for
it, and note them. These aspects should be included in the final evaluation report of the assessment.
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Annex 1: City of San Fernando

The City of San Fernando (CSF) is the capital city of La Union Province and the regional centre
of the llocos Region, located 270 km north of Metro Manila (see Figure 44). The city is sprawled
along the foothills of the Cordillera Mountain range on the east and the South China sea to the
west. The city covers an area of 10'699 ha and is still predominantly agricultural, although it
already hosts several small and medium commercial and industrial enterprises, transportation
hubs (land, air, sea) and tourist establishments.

Figure 44: Geographical location of CSF [Left: Seav (CC BY-SA 3.0), Right: TheCoffee (CC BY-SA 3.0)]

The City of San Fernando is politically subdivided into 59 barangays*. In 2015, when the SOWATT
manual was tested, the city had 121’812 inhabitants (National Statistic Office Census, 2015),
living in approximately 16'000 households, and a growth rate of 2.27%. Of the total population,
the urban population was 82389 or 72%, mainly concentrated in 25 barangays, while the rural
population was 32574 or 28%.

Due to its location in the tropics, the climate of CSF is characterised by two pronounced seasons:
dry and wet season. The annual average temperature is 26.5°C, while the rainfall has an annual
average of 2'5677.6 mm (SWAPP, 2014).

4 Municipalities and cities in the Philippines are divided into barangays, which are the smallest
administrative and political division and are headed by elected officials. Together, these officials
form a council which is considered to be a Local Government Unit (LGU).
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PHYSICAL ELEMENTS

WASTE GENERATION AND CHARACTERISATION

Data regarding waste generation and characterisation in CSF was relatively easy to obtain. In
2012, the City Government ordered a WACS study (SWAPP, 2012), which aimed at updating the
waste information in the Integrated Solid Waste Management plan 2004-2013. The data was also
intended to project the future generation and disposal rates of the city. This study gave a general
idea of the waste management situation in the city. Some of the main key findings are:

e Average per capita waste generation is 0.26 kg per day.

e Average per household waste generation is 1.30 kg per day.

e Of the total solid waste generated from households, 39% are biodegradables,
followed by residual wastes with 32%, recyclables with 25%, and special waste with 4%.
e Total solid waste generated in the city is 45'937.4 kg per day (2012).

e About 69% of the wastes generated comes from the residential sector. Next, the
biggest waste generators are the public market (10%), general stores (7.23%) and
industries (5.47%).

e The city is expected to generate from 46.8 to 55.4 tons per day in the next 10 years
(2013-2022).

Table 88: Biowaste fraction amounts collected from January to June 2013 in CSF (ton/month)

Biowaste Current

fraction use
Banana Sold in
pootm market) | market | 219 | 137 1.81 176 | 139 | 146 | 17 +0.3
Biodegradable | | it | 932 | 1019| 664 | 1449 | 2616 | 15.48 | 137 +6.9
(Barangays)
:Bc'i‘:jfgradab'e Landfill | 9.49 | 1.89 | 1.26 047 | 588 | 1.93 | 35 +3.5
Biodegradable | | o | 000 | 000 | 000 | 000 | 458 | 009 | 08 | 19
(private haulers)
Coconutmeat | Soldin | ) | oo | 444 | 200 | 149 | 177 | 16 +0.3
(market) market
Coconut shell Landfil | 2.59 | 1.77 | o0.00 0.00 | 125 | 000 | 09 +1.1

(Barangays)

Coconut shell Landfill | 42.05 | 42.07 | 44.35 | 49.68 | 48.26 | 4752 | 457 +3.3

(city)

B Soldin | 500 | o0 | 470 3.92 | 289 | 353 | 3.4 +0.8
shell (market) market

Fish entrails Soldin 1 516 | 233 | 25 276 | 226 | 220 | 2.4 +0.2
(market) market

Food scrap Landfill 3.72 | 3.97 2.32 2.23 2.63 0.00 2.5 +1.4
Market bio Landfill 6.11 10.99 11.04 3.46 4.68 7.99 7.4 +3.2
Vegetable Sold in

trimmings 219 | 2.53 3.66 1.98 1.76 2.26 2.4 +0.7
(market) market

Total (ton) 83.64 | 81.56 79.72 82.75 | 103.2 | 84.22 | 85.9
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WASTE COLLECTION

The formal waste collection system in 2014 combined public (City and barangay) and privately
operated systems. The public City-based collection served the public market, the central business
districts, major highways, other public areas, and in 2013, 9 barangays. The barangays’ collection
system collects the waste generated in the barangays.

Barangay-managed collection was encouraged and supported by the City, which gave subsidies
to the barangays amounting to PHP 700 per day per truck (minimum 2 to 3 tons per day per truck)
(SWAPP, 2014b). Consequently, since 2011, the City-based collection has decreased and has
been transferred to the barangay-based waste collection as shown in Table 89.

Table 89: Share of coverage of city-based and barangay-based waste collection, 2011 — 2013

City-based Barangay-based % D

20112 26 57% 19 42% 45
20122 27 57% 19 41% 46
2013 9 19% 3E) 81% 48

a: GSO-SWEEP/City EMS Waste Management Committee
b: (SWAPP, 2014a)

As of the end of 2013, 39 barangays out of the total 59 barangays (representing 66%), were
covered by barangay-based waste collection services. Waste collection in the barangays was
handled by cluster barangays in which one barangay provided this service to several barangays. In
2013, there were 10 host barangays, servicing 38 cluster member barangays. Only one barangay
was serviced by its own barangay-based waste collection. There were 11 barangays that were
still not covered by waste collection services. These barangays were in the outlying areas of the
city and houses were far from each other.

Collection frequency differed for different areas in the city. Wastes were collected daily in the
central business district and two or three times a week for residential areas. Most of the
barangays had regular waste collection schedules (two times a week, three times a week, or
daily except for one rest day per week). There were some barangays where segregated collection
is already implemented. Most of these barangays also imposed fees, with amounts ranging from
PHP 20 to PHP 30 per month (SWAPP, 2012). In spite of having regular collection schedules in
place, there were times when these were disrupted due to the breakdown of collection vehicles.

The LGU did not have a transfer station for its waste management. All wastes collected from
waste sources were transported directly to the sanitary landfill of the LGU, whether collected by
city, cluster or barangay (SWAPP, 2014b).

SOURCE SEPARATION

Waste segregation at source is perceived as very important to reduce waste disposed in the
landfill, which in turn lengthens the lifespan of the landfill. Residents see the connection between
waste segregation and its impact on the environment, as well as the advantages it brings to their
health, safety and general welfare. Some inhabitants segregate their wastes for recycling (“make
fertilisers out of composting”), reusing or selling (“source of extra income”) and to help the City
government in its efforts in the collection and disposal of waste.
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The City Solid Waste Management Ordinance classifies solid waste into four types as specified
in the Ecological Solid Waste Management Act of 2000. The City Ordinance also requires waste
generators to segregate. Although there were barangays that already have ordinances on waste
segregation and segregated collection, mixed waste collection is still the prevailing practise in the
barangays. In 2014, only two barangays (Lingsat and Pagdalagan) strictly enforced the segregated
collection of wastes (SWAPP, 2014b).

The City was planing on implementing the “No Segregation, No Collection” policy, as one of the
biggest concern is the improper segregation of wastes. However, at the city level, segregation at
source is not widely practised.

Different fractions of biodegradable waste were collected and brought to the landfill from the
different barangays and the market of the city. The amount of biodegradable waste that was
separately collected and quantified in the city in 2014 is shown in Table 88.

PHYSICAL ASSETS

The City LGU had six units of collection vehicles used to collect and transport waste from the city
facilities (City Hall, Marcos Building, markets, slaughterhouses, City Plaza, parks, etc.), business
establishments within the central business district and along the national highway. All these vehicles
were regularly maintained. In 2014, four of them were still operational, while two were constantly
having problems and undergoing repairs. Furthermore, the LGU has its own dumptruck (3 m?) and
bulldozer (3 m?), which were used for SWM. For primary collection in the market, wheelbarrows
and pushcarts were used. There were 36 utility workers employed for the SWM by the City
LGU for sweeping in commercial areas. The barangays have their own street sweepers (SWAPP,
2012, 2014a).

WASTE TREATMENT

There was no treatment installation for mixed waste as such in CSF. Alternatively, the collected
biodegradable waste from the market and from City-based collection areas was processed into
compost in the composting facility located inside the sanitary landfill (SLF) compound. The facility
hosted two shredders, two mechanical composting drums, one sieve, 140 bin composters and
13 vermicomposting beds. There were four to five employees hired to manage all organic waste
collected. (GSO, 2014).

The waste not collected and remaining in the barangays was managed differently. Biowaste could
either be fed to animals, burned (sometimes under fruit-bearing tress to induce fruiting), buried or
thrown into canals or water bodies, especially when collection vehicles were out of order. In spite
of truck collection and disposal in the landfill being the most common practises with biowaste
from households, a survey conducted in CSF revealed that 70% of the respondents feed food
waste or left-over food to animals, instead of putting them out for the scheduled collection trucks
(SWAPP, 2014b). Coconut wastes (husks and shells) from the market were dried and used as fuel
by the accredited informal waste sectors at the landfill (SWAPP, 2014b).

As for residual wastes, such as plastic bags, sachets (shampoo and condiments), styrofoam
packaging, diapers and sanitary napkins, when not collected by the garbage crew, they were
commonly burned, left anywhere, buried, thrown in rivers (especially when it rains) or sold when
they had economic value. Some types of buried materials mentioned in surveys conducted in
barangay Parian were light bulbs, dry cell batteries, spray canisters and expired drugs.
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Recyclable wastes that can still be sold, such as tin cans/metals, paper/cartons, plastic containers,
and glass/bottles, were sometimes also burned. Sixty percent of the respondents use paper
waste as fuel for cooking, for instance (SWAPP, 2014b).

Programs for hazardous domestic waste management (e.g. cellphone batteries, used oil fluorescent
lamps, etc.) and health care waste management were in place. Some of these wastes, such as
busted lamps, were stored in a separate compartment within the SLF area for treatment and safe
disposal by an authorised hazardous waste treater (SWAPP, 2014b). These waste types, however,
were not covered in this report.

RESOURCE RECOVERY

The recycling infrastructure in CSF was well developed for waste fractions with an economic
value, such as glass bottles, plastic containers, cartons, and tin cans. The city hosted three
different types of activities for recycling: material recovery facilities (MRF), junkshops and informal
recyclers or scavengers.

The MRFs were used for storage of recyclable materials and processing of biodegradable wastes.
The recyclables stored in the MRFs come from the waste generators who put out their wastes
at the curbside during the scheduled waste collection day. These were then collected by the
barangay or cluster-barangay waste collectors and sent to the MRF for secondary sorting. When
enough recyclables have been accumulated in the MRF, a junkshop picked up the segregated
recyclables and pays the barangay/cluster barangay. The revenue from the sales of recyclables
went to the barangay-cluster as income.

The volume of recyclable waste collected by the MRF seemed to decrease. The barangay waste
collectors did not pay for these collected recyclables and the waste generators were not obliged
to give them their recyclables. Besides, households were more aware that there is money in
waste and, consequently, they no longer give their recyclables to the collection crew, but to itinerant
waste buyers or directly to junkshops located within the city (SWAPP, 2014b).

Figure 45: Woman selling her recyclables to a junkshop

Although barangay MRFs were mandatory, as of 2012, there were still some barangays that did
not have these. There were two cluster barangays with their own MRFs, serving eight barangays.
Five individual barangays also had one MRF each in their respective barangays. Two barangays had
accredited junkshops that operated as MRFs (SWAPPE 2012). Some schools also had MRFs and
composting areas. The collected recyclables were sold to local junkshops.
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Junkshops buy the regular recyclable materials like glass/bottles, metals, plastic containers, papers
and cardboard/boxes from MRFs, itinerant waste pickers and from walk-in customers or sellers.
Then, they sell these materials to bigger waste consolidators still within the City of San Fernando
(except for glass bottles, which were sold outside the city). The buying price that they give per
type of material is about 20% lower than the buying price of their consolidatorbuyers, making it a
profitable business.

Most of the recyclables generated within the City of San Fernando used to go directly to the local
junkshops through its itinerant waste buyers and/or through their own collection system. There
were 16 junkshops that were registered, but there were illegal or unregistered junkshops as well.
The City has enacted a Junkshop Ordinance (City Ordinance No. 2004-001), which sets the
requirements for the establishment of accredited junkshops in the City.

<=

Fs a2 . B

Figure 46: Entrance to a Junkshop

The third recycling activities were carried out by informal waste pickers. Some come regularly to
the barangays to buy recyclables from households and establishments, whereas others collect
recyclables from the landfill.

The City LGU did not have a central MRF for recyclables collected by the city-based collection
crew. As there was no area for secondary segregation within the landfill, 19 accredited waste-picker
families, who were allowed to work within the landfill, do the final sorting and recovery of materials
in the active cell prior to the waste being disposed. Recovered recyclable materials were sold to
an accredited junkshop, which complements their personal income. Food wastes recovered by the
waste pickers were used as animal feed. The following table is an example of the type of materials
diverted from the landfill on a monthly basis.
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Table 90: Waste materials collected informally from the landfill in 2011 (CENRQO, 2011)

Recyclables 34'100 39.84%

Food Waste 1'625 1.90%
Coconut shell 30'955 36.16%
biodsgradable wastes e 18.83%
EcoSan Products 2'020 2.40%
Sharps 625 0.73%
Tires 115 0.13%

Busted Lights/Lamps 127 pieces

Amounts recovered by non-accredited waste pickers are excluded.

WASTE DISPOSAL

The Engineered Sanitary Landfill covered an area of 10.6 hectares and is located in barangay
Mameltac and barangay Dallangayan Oeste, about 4 km away from the city centre. It only
accommodates municipal waste from CSF which amounted to around 48 metric tons daily. Its
expected remaining lifespan was 12 years in 2014. This is a matter of concern for the municipality,
as no other solution has been implemented so far.

Formerly, this area used to be a dumpsite. The conversion of the controlled dumpsite into an
engineered sanitary landfill facility started in October 2005, under the Design-Built-Operate
scheme (DBO) and funded by a World Bank loan (180 million PHP). The facility was designed for a
lifespan of 25 years and it was built and operated by the joint venture (KCI-CRA). In October 2008,
the operation of the landfill was turned over to the City Government. Presently, 18 City personnel
were detailed for the operations and maintenance of the SLF. (CENRO, 2011)

The average daily disposal increased from 40.12 metric tons in 2008 to 48 mt in 2012, owing to the
expansion of waste collection coverage, increasing commercial activities and frequent typhoons
(SWAPP, 2014b). Most of the wastes (97.8 %) were disposed by city and barangay-based trucks.
This was followed by private haulers that collect wastes generated in barangay Biday (by Timpuyog
Junkshop) and barangay Cadaclan (by Jucar Construction). Other National offices, such as the
Department of Health (DOH), regularly disposed of their waste to the SLF, contributing about
0.056% of the total. The wastes of other NGAs were also collected by the City Government and
the barangays where the offices were located.

The waste disposed at the sanitary landfill contained 57% of biodegradable waste, 39% of
residual waste and 4% of recyclable waste, while less than 1% or 0.02% were special wastes
(SWAPP, 2009). Recyclable wastes that were disposed at the landfill were composed of paper
(32.06%), plastic containers (29.71%), glass (21.35%), tin cans (9.24%) and some stones, rocks
or sand that can still be used (3.38%).

Regular operating procedures were already being implemented, including the proper containment

and management of wastes, collection and treatment of leachates, recovery and processing of
recyclables and other materials, and the conducting of environmental monitoring activities. Every
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collection truck is weighted with an electronic truck scale upon arrival and once more after being
emptied to determine the tare weight. Heavy equipment used for waste disposal at the landfill
were a bulldozer, a landfill compactor, a hydraulic excavator, and a payloader. The facility operates
from 8:00 AM to 5:00 PM from Sunday to Saturday and has six regular staff (one landfill manager
and five helpers) and 20 waste (informal) pickers. It operated at a cost of ca. PhP 350,000 per
month (SWAPP, 2009, 2014b).

GOVERNANCE ASPECTS

STAKEHOLDERS

Waste management services were the responsibility of the City Council and the barangays. Within
the City Council, there were two departments sharing this responsibility: the Office of the City
Environment and Natural Resource Officer (CENRO) and the Office of the City General Services
Officer (GSO). In addition, there were other stakeholders also involved in the waste management
system.

CENRO

The Office of the City Environment & Natural Resources Officer (CENRO) was in charge of the
technical aspects related to waste management, such as planning, researches/studies,
information, education and communication (IEC) and assessment. Among other non-waste related
activities, the CENRO is in charge of:

e Developing and implementing plans and strategies to ensure the delivery of basic
services and provision of adequate facilities relative to the environment and natural
resources.

e Providing technical assistance and support to the City when dealing with issues
mentioned in the previous point.

e Coordination with government agencies and non-governmental organisations when
implementing measures to prevent and control land, air and water pollution.

e Active involvement in the renewal and rehabilitation of the environment during and
after human intervention or natural disasters.

e Conducting IEC activities, such as lectures, discussions, sharing of good practices,
contests on mural painting, demonstrations, research/study, posting of collaterals,
house-to-house campaigns and participation in clean-ups. Information material was
regularly produced, reproduced and disseminated to different target sectors.

Table 91 shows the number of people within the CENRO working on waste related activities in
2014, as well as their classification and whether they had training or not.

GSO
The Office of the City General Services Officer (GSO) was in-charge of the logistics part of solid
waste management in the City. Among other non-waste related activities, the GSO is in charge of:

e Managing all waste facilities owned by the City and those granted to it in the form of
donation, reparation, assistance and counterpart of joint projects

e Carrying out the waste collection

e Sweeping/cleaning of public areas

* Managing the sanitary landfill

e Disseminating information regarding prices, shipping and other costs of supplies
commonly used by the city.
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Table 91 shows the number of people within GSO working on waste related activities in 2014, as
well as their classification and whether they had training or not.

Table 91: Inventory of LGU staff working on SWM (SWAPP, 2014b)

Classification With trainings

-
Function/Task Agency/ | @ s
Type of Service Department § 6
: E
SWM program management/IEC CENRO 8 B 9 1 6
Collection and Transport GSO
* Driver & 4 9
e Collection crew 17 6 23
Final Disposal GSO
e | andfill operation manager 1 1
° Landﬁll_ personnel i_ncluding 8 ] 9
composting/processing
Street sweeping GSO 12 9 21
Septage Treatment Facility CENRO 1 2 1 2
SWAPP

SWAPP is a leading non-profit multi-sectoral network of solid waste management (SWM)
volunteers and practitioners whose aim is to empower local governments, communities, and the
private sector towards a clean, safe and sustainable environment. The mission of SWAPP is to
build the capacity of LGUs, communities, and the private sector to manage solid waste problems
in their respective areas through research, training, technical assistance, information exchange,
and network building. These were their main objectives:

e Enhance the knowledge and skills of SWM practitioners to plan and implement
integrated solid waste management programs

e Disseminate information and promote exchanges and partnerships among SWM
practitioners

e Advocate for policy reforms to strengthen LGU capacity to implement SWM programs

BARANGAYS

Barangays were the smallest administrative and political division and were headed by elected
officials. Together, these officials form a council in which one of the members is always a Pollution
Control Officer (PCO). The PCOs were responsible for the accomplishment of the environmental
ordinances of the municipality. They were also in charge of supervising environmental related
activities occurring within the barangay, which includes waste management (collection, MRF,
cleaning and street sweeping, etc.).

JUNKSHOPS

Junkshop were private businesses which buy, store and sell recyclable material to other
middlemen. They do some minor processing, such as sorting and pre-cleaning. In CSF, there
were 16 accredited junkshops, but there were illegal or unregistered junkshops as well. The City
has enacted a Junkshop Ordinance (City Ordinance No. 2004-001), which sets the requirements
for the establishment of accredited junkshops in the City.
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FINANCING

Financing municipal solid waste management activities in CSF is the responsibility of the municipality.
Data from 2011 and estimations for 2012 could be consulted and were shown in Table 92.

Table 92: Financial data of CSF (SWAPP, 2014)

2011 (estﬁg;fion)

Property tax 371'599'381 325’383’5650

Revenue generated Internal revenue allotment 301'061'637 260'983'550
in CSF Garbage fee 800’030 800’000
Tipping fee (landfill) 104'000 50'000

Total Revenue 673'565'048 587217100
Protection and Management 4390000 4025000
Expenditures General SW and Landfill 15'625'439 5'703'448
Collection 2'424'100 300°000

Total expenditures 18'049'639 6'003'448

Revenue come from both internal and external sources. Internally, generated revenue includes
the real property tax collected by the city. Garbage fees collected by the city from commercial
and business establishments also goes to the general fund of the city. However, a WACS study
revealed that only a few of the food establishments pay for the solid waste management of the
LGU (PHP 30 per month). Included in the externally generated income is the Internal Revenue
Allotment from the national government and the solid waste tipping fee for the use of the sanitary
landfill of the city.

Revenue directly collected from waste related activities amounted to 904'910in 2011 and 850’000
in 2012 (estimated). This covered 5% and 14.2% of the waste expenditures, respectively, and,
consequently, almost the entire costs of waste activities had to be paid for with the general taxes.
It seems that municipalities do not pay a separate waste fee and assumed this to be covered by
the property tax. It remains unclear what the coverage rate of the property tax is in CSF.

Interestingly, the city of CSF foresaw a three-fold reduction of the general and landfill related
expenditures and, consequently, the total expenditure figure for 2012 compared to 2011. Due
to lack of data, this could not be corroborated. Furthermore, they also estimated that revenue
collected from the tipping fees would be halved. Presumably, this is due to the reduction of waste
that is disposed of in the landfill, which is the goal of the municipality.
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POLICY AND REGULATIONS

Waste management in the city is shaped by the legal framework established by the National
Government, which can be further transposed into local Ordinances, as the ones shown in Table
93. The Republic Act 9003, otherwise known as the Ecological solid Waste Management Act
of 2000, was one of these national legal documents. It mandates all LGU to ensure a balanced
environment for its constituents by implementing solid waste management at all levels, from
barangays up to the provincial level. It also specifies that each city shall form a City Solid Waste
Management Board (CSWMB). One of the activities of this board in CSF in 2014 had been to
prepare the second 10 year SWM plan for the city.

As mentioned before, the barangays have specific responsibilities to undertake in coordination
with the city solid waste management activities. After the issuance of DILG Memorandum
Circular No. 2001-19 dated March 2, 2001, which required all barangays to create their respective
Barangay Solid Waste Management Committees, all barangays of San Fernando City complied.
Some of these have also enacted their own local ordinances on “Joint Integrated Waste Management
Ordinance”.

Table 93: Waste related ordinances in CSF (SWAPP, 2014)

Major components
regarding SWM

Provisions for the system and
procedure of SWM in CSF:
Conducting IEC activities.
Creation, and obligations of

the CSWMB.

Defining prohibited acts, penal
provisions, enforcement

mechanisms, incentives and

Ordinance number Title

An Ordinance providing for a
Comprehensive Solid Waste
Management in the City of
San Fernando and for other
purposes

City Ordinance No. 2003-007

monitoring & evaluation
provisions.

An ordinance prescribing
sanitary requirements for the
operation of junk shops in the

City of San Fernando

Permit requirements, health
City Ordinance No. 2004-001 certificates, penalties and

obligations of refuse collectors.

Covers all ordinances,
resolutions and related

City Ordinance No. 2006-013

An ordinance enacting the
Environment Code of the City
of San Fernando, Province of

La Union

legislations relevant to the
protection, conservation,
utilization and management
of the environment,
specifically along the areas of
land, water and air.

City Ordinance No. 2013-04

An ordinance regulating the
use of plastic and Styrofoam
in the City of San Fernando
and providing penalties for
violations thereof

Prohibition or limitations on
the use and direct selling of
plastic bags and Styrofoam.
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Annex 2: Database of organic
materials

Table 94 contains information on proximate analysis, carbon and nitrogen contents, as well as the
calorific values of several organic materials. Most of the data originates from the database published
by the Energieonderzoek Centrum Nederland (ECN, 2012), which contains a more extensive list than
the one provided in this annex. The values shown in Table 94 should only be taken for guidance.
Material can change their properties depending on the context. Particularly, the moisture content
should be taken with care, since it fluctuates. Also, note that more than one observation is provided
for some material. These materials change considerably from one context to the next.
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Annex 3: Validation of objectives

For the workshop “validation of objectives”, you should print a list similar to the one shown
below. This list contains all the main objectives and sub-objectives considered as default in the
manual. In the list below, you will see that we included aspects not considered as objectives.
This is because this workshop represents a good opportunity to extract information on the
preferences of the local stakeholders. However, the master list could also only contain the
objectives of the hierarchy.

MASTER LIST OF OBJECTIVES

Below, a master list of objectives for an organic waste treatment technology is provided. Please
mark accordingly:

e Column A: write a tick, if you consider the objective important when choosing a technology.

e Column B: if you already wrote that objective in the previous paper, write the letter of
that objective in column B.

1. Hightechnical reliability..... ...t
2. High social contribution to social wellbeing (social impact) .............................
3. High environmental proteCtion..................couiieeiieiiie et
4. High contribution to waste management ...................o.iiiieiiiiieeeee
5. High economic feasibility (economic profit)..........cccooveiiiiiiii e
6. Lowworkinghazards. ...
7. Low nuisance level for COmMmUNITY...............ccccccoiiiiiiiiiiiiiiiii e
8. HIGhJOD Cre@tioN. ... ..o i
9. Low generation of emissions to the atmoSphere...........ccccooviieeiiici e,
10.  Low contamination risk of surface and groundwater (risk of eutrophication) ....
11, High treatment capacity (it can treat all the waste collected)...............ccocoe.....
12. Low generation of non-marketable residue..................cooooiiiiiiiiieeee
13.  High acceptability of the technology on behalf of community .........................
14. High organic fertilizer production. ... e
15, Highenergy generation..............c..uvuueeie e,
16. High level of Mechanization..................cccoiiiie i,
17, Low level of mechanization...............oooiiiii i
18, LOW SPACE rEQUITEA. . ... . e
19. High use of local materials for construction and maintenance.........................
20
21.

2
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Annex 4: Adaptation to the
Objective Hieraxchy

EXAMPLE 1

Imagine the SOWATT manual is being applied by a private user. This private user owns a piece
of land in a rural town in southern Bangladesh, where he cultivates some vegetables and crops.
He does not make use of any type of fertilisers. He generates 10 kg of kitchen and garden waste
per day. Until now, this waste was always buried in different holes he would dig somewhere in
the land.

Adjacent to the piece of land, he owns a small house, where he lives with his wife. Their monthly
salary allows them to buy the required monthly consumption of drinking water, but they cannot
afford a constant supply of electricity, nor of cooking fuel. Furthermore, they are unable to afford
a complete diet, in spite of all their vegetable production being for self-consumption.

The objective validation exercise (described in Step 4) revealed the following three aspects:

- Recovering nutrients that he could apply as fertiliser in his garden would contribute to
an increase of food and would improve their food self-sufficiency.

- Energy generation would allow them to increase the number of hours they could have
light at night.

- They are not bothered by any sorts of bad smell.

Is “recovery of nutrients” a means objective or a fundamental objective? In this particular case,
the recovery of nutrients is just important. The goal is not to save money or to generate profit.
For this farmer, more nutrients means having more crops and, therefore, having more food to eat.
The same happens with energy generation. Both resources are for self-consumption and are not
meant to save money or generate profit. This means that they are fundamental objectives. When
checking if they would represent main objectives, or sub-objectives, we realize that both of them
deal with recovering natural resources and, therefore, could be combined under the same main
objective: “high recovery of resources”.

On the other hand, in the objective validation exercise, the farmer clearly stated that “nuisance
to community” will never be a problem for them. Assuming he double-checked this issue with
his wife (as the second most important stakeholder in this particular case), that would mean we
could remove the objective of “low nuisance level for community” from the objective hierarchy.

Based on these three aspects, the objective hierarchy had to be adapted as shown in Figure 47.

Selecting Organic Waste
Treatment Technology

High technical | | High social High environ. High resource High contribution to High economic

reliability impact | protection recovery waste management | | feasibility
[P [
Few working | Low emission |5 Highenergy | ||| High treatment |
hazards generation | production. capacity
High job || Lowriskof | ” | Highnitrogen. | ||| Low residue
creation eutrophication recovery generation

Figure 47: Adapted objective hierarchy (example 1)
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The attributes for the new objectives would be as follows:

- High energy production: Mega Joules of energy generated per kg or ton of waste (MJ/kg
or MJ/ton)

- High nitrogen recovery: % of input nitrogen recovered in the final product

- High phosphorus recovery: % of input phosphorus recovered in the final product.

In order to get the percentages of N or P recovered, some literature review needs to be done.
Most of the times, the recovered percentages vary enormously depending on several factors
(operational parameters, climate, general management, etc.). Therefore, each case would be
different. In order to calculate the percentages, the following data is required:

- % of N or P content of biowaste before being treated expressed on wet or dry weight
basis

- Total wet or dry weight of the biowaste before treatment

- % of N or P content of biowaste after being treated expressed on wet or dry weight
basis

- Total wet or dry weight of the biowaste after treatment

These values need to be converted into the unit used for this attribute (% of N or P recovered in
product). Below, it is explained how to do this:

Equation 31
N_ (%) * Weight (Kg)
%N recovered= —— g o9
N,.(%) * Weight, (Kg)
P (%) * Weight_(K
%P recovered= (%) eight, (Kg)
P, (%) * Weight, (Kg)
Where:

* X = values after treatment
* X,= values before treatment.

Check that both numbers in the numerator must be given either in dry basis or wet weight basis.

Table 95: Estimated resource recovery values per technology

Windrow In-vessel

Sub-objectives c . - .
omposting | composting | composting

Percentage of input
Nitrogen recovered 25-91 62.5-91 40-91% 90 - 100 43 0-10
in product (%N)

Percentage of
input P recovered 62 - 99 85-99 40-99% 95 - 100 67 100
in product (%P)

Energy per ton
of waste treated 0 0 0 600 - 900 0 2'000 - 3'000
(kWh/ton)

High resource recovery
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EXAMPLE 2

Now, imagine a municipality of 15’000 inhabitants in the Philippines where source segregation of
organic waste has been implemented for 10 years. They collect 3.5 tons of biowaste per day. All
this biowaste is currently taken to a poorly managed composting installation, where the leachate
generated is threatening a nature reserve downstream.

The municipality heard of a new call for proposals published by the World Bank. The call intends
to grant loans to a few municipalities so that they can build an appropriate biowaste treatment
facility. These are the conditions set by World Bank:

- The municipalities need to at least collect three tons of source segregated biowaste
per day.

- Depletion of phosphorus in the world is a matter of concern for the World Bank.
Proposals including P recovery options will be favoured.

- Proposals with low investment costs will be favoured.

The municipality has hired a team of consultants to assist them in preparing such proposals.
The consultants have applied the SOWATT manual and have realised that several changes are
required in the objective hierarchy, considering the requirements specified by the World Bank.

The first objective pertains to the collection method and, therefore it is out of the scope of this
manual. The second objective, however, deals with the recovery of resources. Why is the recovery
of resources important in this case? This is due to the fact that we are dealing with depletable
natural resources. When assessing where we could fit this in the existing objective hierarchy, the
objective would naturally fit as a sub-objective of “High environmental protection”. The third
objective deals with “high economic feasibility” and, therefore, can be included as a sub-objective.
The validated Objective Hierarchy is shown in Figure 48.

‘. Selecting Organic Waste ]

Treatment Technology
I
: i = o T—— — il . —eeeeeeee
| High technical | High social | ‘ High environ. High contribution to High economic ‘
|_ reliability - impact J protection | | waste management feasibility
,_ Few woarking ] !:JI Low emission . L! High treatment ‘ |_,I Low investiment
hazards 1 generation [ capacity F ~ costs
~ Low nuisance <= i B N\ ' .
ol R
__communtty ) || _SOPEOR @ iy U
e - me-or‘
= High job creation LS (e iaels
M || phosphorus

Figure 48: Adapted objective hierarchy (example 2)
The attributes for the new objectives would be as follows:
- High phosphorus recovery: % of input phosphorus recovered in the final product

- Low investment costs: Investment costs in USD of the treatment installation
- High profit: estimated Income expenditure ratio for a time span of 20 years
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Annex 5: Water losses through
evaporation during composting

This annex covers the methodology to calculate the water demands for the composting technologies.
The methodology is based on Equation 32 (Robinzon et al., 2000).

Equation 32
Wair:mair'(wout_ win )
Where:

¢ W_ : mass of water removed by natural ventilation

e m_ . mass of air

e w_:water content of the air leaving the composting pile. This is assumed to be saturated
out

when leaving the pile at its temperature

® w,: water content of ambient air

In order to calculate W, we first need to obtain the value for the other parameters. The flow of
air is calculated from the oxygen consumption relationship. About 1.75 kg oxygen is required for
the decomposition of 1 kg of biowaste. Using the total dry mass degraded (AM, (), and assuming
that all the oxygen in the air passing through the compost piles is consumed (oxygen content in
the air ir reduced from 21% to zero), Equation 33 can be used to calculate m

=

Equation 33

m
ai

¢

=1.75 - AM,,
0.2

Where:
® AM,: mass loss of volatile solids during the composting process. Assumed to be 60%.

*This formula includes no correction for the oxygen supplied during turning.

In order to calculate w,  and w,, first, the water vapour pressures at the corresponding two
temperatures need to be calculated using Equation 34 (TET, undated-b). As for w_,, the
temperature value of the air coming out of the compost pile could range between 20°C (ambient
temperature) and 70°C (in the case of windrow composting). For the sake of simplification, a
temperature of 40°C was assumed. This air will be saturated with water. As for w, , the temperature
of ambient air can also vary considerably. We recommend taking an average value for the day
temperature per season. Next, based on the average Relative Humidity in the given context, the

water content at ambient temperature will be calculated using Equation 35.
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Equation 34

e 77.3450+0.0057-7235/T

Py
T8.2

*Units: p,, (Pa) and Temp.in (K)

Where:
® p,: water vapour pressure (Pa)
® ¢ constant—2.718...
e T: Temperature (K)

Equation 35

pw—/n: pw. RH (5)

Next, using Equation 36 and Equation 37 (TET, undated-a), the units of w_, and w, need to be
converted into kg water/kg air since they now are in pascals (Pa).

Equation 36
kg 062198 Poon
w water | = - —
' ( kga‘r ) (Patm_ va-\n)
Equation 37
P
w, ( kgwm,) =062198 " —— 20
kga‘r atm’ vv—'m)

Let us have a look at the following example. Table 96 shows the input data required for the exercise
and Table 97 the information calculated.

Table 96: Required input data to calculate water loss through evaporation

Parameter | Value | Unit | Method
Vs, 500 kg/day Based on context
A" 300 kg/day 60% of VS in
T, ost nile 313 K Assumed to be 40°C
e 293 K Based on context
RH 30 % Based on context
P 101000 Pa Based on context

atm
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Table 97: Calculated water loss through evaporation

Parameter | Value | Unit Method
; Equation 34

Puvous 71297 = T=313 K)
P, 693 Pa Equation 35
w, .. 0.05 ka/kg Equation 36
in 0.004 ka/kg Equation 37
m_ 1'750 kg/day Equation 33
W, 772 L/day Equation 32

The amount of water lost through evaporation with an ambient temperature of 20°C and a relative
humidity of 30% is around 77 L/day. Now, let us calculate how many litres we lose per ton of
biowaste treated. This is calculated by Equation 38. Table 98 shows the amount of water loss for
different TS and VS values of the feedstock.

Equation 38

w
Water loss= alr

VS, /TS(%)/V'S(%)/1000(kg/ton)

Table 98: Calculated water losses through evaporation for different TS and VS contents at ambient
temperature 20°C and RH of 30%

;E 40 12.4 18.5 24.7 30.9 371 43.3 49.4
7 50 15.4 23.2 30.9 38.6 46.3 541 61.8
= 60 18.5 278 371 46.3 55.6 64.9 74.2
70 216 324 43.3 541 64.9 75.7 86.5
80 24.7 371 49.4 61.8 74.2 86.5 98.9

The water losses shown in Table 98 are the ones considered for windrow composting. In the case
of in-vessel composting, the temperature of the air volumes leaving from and coming into the pile
are more similar since the process occurs in a container. The relative humidity is also much higher.
Consequently, less water is lost. The values used to estimate the range of in-vessel composting
are shown in Table 99.

Selecting Organic Waste Treatment Technologies 205




Table 99: Calculated water losses through evaporation for different TS and VS contents at ambient
temperature 30°C and RH of 85% (In-vessel composting)

20 3.6 54 72 9.0 10.8 12.6 14.4
30 5.4 8.1 10.8 13.5 16.2 18.9 21.6
;5 40 72 10.8 14.4 18.0 21.6 25.2 28.8
;; 50 9.0 13.5 18.0 22.5 270 315 35.9
= 60 10.8 16.2 21.6 270 32.4 377 431
70 12.6 18.9 25.2 31 377 44.0 50.3
80 14.4 21.6 28.8 35.9 43.1 50.3 BYS

As for vermicomposting, Table 100 shows the water losses in a conservative scenario. Remember
that TS values are much lower in this treatment process.

Table 100: Calculated water losses through evaporation for different TS and VS contents at ambient
temperature 20°C and RH of 40% (Vermicomposting)
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Annex 6: Calculating size of
an anaerobic digester

This Annex makes use of the example of San Fernando City to provide a step-by-step guide to
determine the required size of an AD system to calculate the expected biogas production.

DAILY TOTAL BIOWASTE AVAILABLE AS FEEDSTOCK FOR AD

Based on the treatment capacity assessment, there are 930 kg of biowaste that can be treated
through AD. Table 101 shows the properties of this waste.

Table 101: Suitable biowaste for AD in CSF

Biowaste Amount Amount | Moisture | VS C N C:N | Wood
fraction | (ton/month) | (kg/day) (%) (%) | (%db) | (%db) . Y
Food and
garden 279 930 b5 80 39.6 1.75 22.6 No
waste

This raw feedstock needs to be diluted with 3'500 L of water to achieve 90% moisture content.
This will result in a slurry, which can be easily flushed into the digester. The daily total quantity of
diluted feedstock, therefore, amounts to 4'430 L (using the approximation that 1 kg is equivalent
to 1 litre).

HYDRAULIC RETENTION TIME (HRT)

The ideal HRT for a tropical climate with an average ambient temperature of 25-30°C is
recommended to be around 30 days, which means that an active reactor volume of 133 m? is
required (i.e. 4.43 m®/day*30 days = 133 m?). Several reactors combined are needed to achieve
this volume.

FEEDSTOCK CHARACTERISTICS AND ORGANIC LOADING RATE (OLR)

The available biowaste (mix of vegetable, fruit and food waste) has a Total Solids (TS) content of
45%. In other words, of the 930 kg wet weight, 45%, which is equal to 418.5 kg, is dry matter.
The Volatile Solids (VS) content of the dry matter is 80%, which means that the Volatile Solids
amount is 335 kg and 83.5 kg is non-volatile solids. The balance of the biowaste is water, which
does not contain Volatile Solids. Therefore, of the 4.43 m?® of diluted feedstock, the share of Volatile
Solids amount to 335 kg. This is equivalent to 75.6 kg VS/m? inflow (335 /4.43).
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The Organic Loading Rate (OLR) can then be calculated as follows:
OLR=Q*S/V

Whereby Q is the substrate flow rate (m®/day), S is the substrate concentration in the inflow
(kg VS/m?®) and V is the reactor volume.

Therefore: OLR =4.43 (m?® /day)* 75.6 (kg VS/m?®)/133 (m?3)
= 2.5 kg VS per m® reactor volume and day.

An OLR below 2 kg VS/m? reactor volume and day is considered ideal for non-stirred AD systems.
A higher OLR implies that a fraction of the biowaste will not be entirely digested when it exits
the reactor.

SIZE OF THE AD SYSTEM

A fixed-dome digester (e.g. Nepali GGC2047 model) is designed so that 75% of the total reactor
volume is used for the active slurry and 25% of the volume is used for gas storage. In this example,
this means that the active volume of 133 m?® (equals 75% of total) is complemented with 44.3 m?
gas storage volume (25%), resulting in a total digester volume of 7.2 m® for the whole reactor.

BIOGAS AND METHANE YIELD

Taking into consideration that a mix of fruit/vegetable/food waste and garden waste typically
yields biogas volumes of 0.35 m® /kg VS (assuming methane content of 60), it can be expected
that approximately 116.4 m?® of biogas is produced per day (2.5 kg VS/m?® reactor and day*0.35 m?
biogas vyield per kg VS*133 m? reactor volume, equals to 116.4 m?/day). This is the biogas flow
rate Q Assuming that the biogas consists of 60% methane (CH,), this gives a methane yield

biogas”

of 70 m3 /day.

FUGITIVE EMISSIONS

If we assume that 3% of CH, is lost (Flesch et al., 2011), losses will amount to 2.1 m? /day.
Assuming a density of 0.67 kg/m? (CDM), 1.4 kg CH,/day are lost.
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Annex 7: Swing method

Name Decis. Maker:

Interviewer:

Page:

Swing-method "
Project:

Date:

Worst Alternative:

Points
H'g!‘ High social . High b L High economic
technical h environmental to waste o er-
.y are impact ) feasibility
reliability protection management
Best
case
scenario
0
Worst 50% of hazards 30% of collected
case to workers waste can be
scenario 400 kg CO,
. . treated
75 days/year 80% of nuisance equivalent 0 Income
downtime to community 100% wet expenditure ratio
5 leachate risk oV
1 worker waste weight as
sub-product
employed
Alternative A:
Points
H|g!1 High social . High b NEL High economic
technical b environmental to waste -
e o impact , feasibility
reliability protection management
Best
case
scenario
0 day/year
downtime
Worst 50% of hazards 30% of collected
case to workers waste can be
scenario . 400 I_<g co, treated
80% of nuisance equivalent 0 Income
to community 100% wet expenditure ratio
5 leachate risk o "
1 worker waste weight as
sub-product
employed
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Alternative B:

Points
High
technical
reliability
Best
case
scenario
Worst
case
scenario
75 days/year
downtime
Alternative C:
Points

High
technical
reliability

Best
case
scenario

Worst
case

scenario
75 days/year

downtime
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High
environmental
protection

High social

impact
10% of hazards
to workers

30% of nuisance
to community

5 workers
employed

400 kg CO,
equivalent

5 leachate risk

High

High social

impact protection

0kg CO,
equivalent

1 leachate risk

50% of hazards
to workers

80% of nuisance
to community

1 worker
employed

environmental

High contribution
to waste
management

High economic
feasibility

30% of collected
waste can be

treated 0 Income

100% wet expenditure ratio

waste weight as
sub-product

High contribution
to waste
management

High economic
feasibility

30% of collected
waste can be

treated 0 Income

100% wet expenditure ratio

waste weight as
sub-product



Alternative D:

Points
H'g!‘ High social . High R aar High economic
technical : environmental to waste e,
e impact ; feasibility
reliability protection management
Best
case 70% of collected
scenario waste can be
treated
0% wet waste
weight as
sub-product
Worst 50% of hazards
case to workers
scenario . 400 {<g co,
75 days/year 80% of nuisance equivalent 0 Income
downtime to community expenditure ratio
5 leachate risk
1 worker
employed
Alternative E:
Points
H|g!1 High social . ok R SHLTT High economic
technical b environmental to waste -
e o impact , feasibility
reliability protection management
Best
case
scenario
2 Income
expenditure ratio
[
Worst 50% of hazards 30% of collected
to workers
case 400 kg CO waste can be
scenario 2
75 days/year 80% of nuisance equivalent treated
downtime to community 9
5 leachate risk 100% \_/vet
1 worker waste weight as
employed sub-product
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Sub-objectives for main objective: High social impact

Points

Points

Points

Points

Worst Alternative:

Few working hazards

Low nuisance level for

community High job creation

50% of hazards to workers

Alternative A:

Few working hazards

80% of nuisance to

community 1 worker employed

Low nuisance level for

community High job creation

10% of hazards to workers

Alternative B:

Few working hazards

80% of nuisance to

community 1 worker employed

Low nuisance level for

community High job creation

50% of hazards to workers

Alternative C:

Few working hazards

30% of nuisance to
community

1 worker employed

Low nuisance level for

. High job creation
community

50% of hazards to workers
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5 workers employed

80% of nuisance to
community



Sub-objectives for (main) objective: High environmental protection

Points

Points

Points

Worst Alternative:

Low emission generation Low eutrophication impact

400kg CO, equivalent 5 leachate risk

Alternative A:

Low emission generation Low eutrophication impact

Okg CO, equivalent

5 leachate risk

Alternative B:

Low emission generation Low eutrophication impact

1 leachate risk

400kg CO, equivalent
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Sub-objectives for (main) objective: High contribution to waste management

Worst Alternative:

Points
High treatment capacity Low residue generation
0
30% of collected waste can be treated 100% wet waste weight as sub-product
Alternative A:
Points
High treatment capacity Low residue generation
70% of collected waste can be treated
100% wet waste weight as sub-product
Alternative B:
Points

High treatment capacity Low residue generation

0% wet waste weight as sub-product

30% of collected waste can be treated
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Annex 8: Reverse Swing Method

Name Decis. Maker:

Reverse

Interviewer:

Swing-method [F-FAFeAH

Date:

Page:

Worst Alternative:

Points
H'g!‘ High social . High High — High economic
technical h environmental to waste o er-
.y are impact ) feasibility
reliability protection management
Best 9
case 10% of hazards 70% of collected
to workers ; b
scenario 0kg CO, vva? e iag e
100 0 day/year 30% of nuisance equivalent reate 2 Income
downtime to community o expenditure ratio
. 0% wet waste
1 leachate risk .
weight as
5 workers
sub-product
employed
Worst
case
scenario
Alternative A:
Points
H|g!1 High social . ok R SHLTT High economic
technical b environmental to waste -
e o impact , feasibility
reliability protection management
Best 9
10% of hazards 70% of collected
case to workers " b
scenario 0kg CO, Wa? e ’l‘:ag e
30% of nuisance equivalent reate 2 Income
to community _ 0% wet waste expenditure ratio
1 leachate risk .
weight as
5 workers
sub-product
employed
Worst
case
scenario
75 days/year
downtime

Selecting Organic Waste TreatmentTechnologies 215




Alternative B:

Points
H'g!‘ High social . High R aar High economic
technical : environmental to waste e,
e impact ; feasibility
reliability protection management
Best
case 70% of collected
scenario 0 kg CO, Wafrtgaizg be
0 day/year equivalent 2 Income
downtime ' 0% wet waste expenditure ratio
1 leachate risk )
weight as
sub-product
Worst 50% of hazards
case to workers
scenario .
80% of nuisance
to community
1 worker
employed
Alternative C:
Points
H|g!1 High social . ok R SHLTT High economic
technical b environmental to waste -
e o impact , feasibility
reliability protection management
Best 0
10% of hazards 70% of collected
case to workers
scenario waste can be
0 day/year 30% of nuisance treated 2 Income
downtime to community 0% wet waste expenditure ratio
5 workers weight as
sub-product
employed
Worst
case
scenario 400 kg CO,
equivalent

5 leachate risk
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Alternative D:

Points
High
technical
reliability
Best
case
scenario
0 day/year
downtime
Worst
case
scenario
Alternative E:
Points

High
technical
reliability

Best
case
scenario
0 day/year
downtime

Worst
case
scenario

High social

impact
10% of hazards
to workers

30% of nuisance
to community

5 workers
employed

High social

impact
10% of hazards
to workers

30% of nuisance
to community

5 workers
employed

High
environmental
protection

0kg CO,
equivalent

1 leachate risk

High
environmental
protection

0kg CO,
equivalent

1 leachate risk

High contribution
to waste
management

High economic
feasibility

2 Income
expenditure ratio

30% of collected
waste can be
treated

100% wet
waste weight as
sub-product

High contribution
to waste
management

High economic
feasibility

70% of collected
waste can be
treated

0% wet waste

weight as
sub-product

0 Income
expenditure ratio
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Sub-objectives for main objective: High social impact

Points

100

Points

Points

Points

Worst Alternative:

Few working hazards

Low nuisance level for

community High job creation

Alternative A:

10% of hazards to workers

Few working hazards

30% of nuisance to

community 5 workers employed

Low nuisance level for

community High job creation

Alternative B:

50% of hazards to workers

Few working hazards

30% of nuisance to

community 5 workers employed

Low nuisance level for

community High job creation

Alternative C:

10% of hazards to workers

Few working hazards

5 workers employed

80% of nuisance to
community

Low nuisance level for

. High job creation
community

10% of hazards to workers
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30% of nuisance to
community

1 workers employed



Sub-objectives for (main) objective: High environmental protection

Worst Alternative:

Points
Low emission generation Low eutrophication impact
0 kg CO, equivalent 1 leachate risk
100
Alternative A:
Points
Low emission generation Low eutrophication impact
1 leachate risk
400 kg CO, equivalent
Alternative B:
Points

Low emission generation Low eutrophication impact

0 kg CO, equivalent

5 leachate risk
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Sub-objectives for (main) objective: High contribution to waste management

Worst Alternative:

Points
High treatment capacity Low residue generation
70% of collected waste can be treated 0% wet waste weight as sub-product
100
Alternative A:
Points
High treatment capacity Low residue generation
0% wet waste weight as sub-product
30% of collected waste can be treated
Alternative B:
Points

High treatment capacity Low residue generation

70% of collected waste can be treated

100% wet waste weight as sub-product
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hts from CSF

18

This annex presents the weights obtained in CSF. These weights were considered throughout Step 8.

We
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Table 103: Weights given through the Swing and Reverse Swing method by the 6 CENRO stakeholders

CENRO-1 | CENRO-2 | CENRO-3 | CENRO-4 | CENRO-5 | CENRO-6

Tech.reliabilty 0.200 | 0137 | 0057 | 0102 | 0096 | 0.108
Social impact 0225 | 0274 | 0262 | 0248 | 0201 | 0216
Ll Env.protection 0250 | 0274 | 0284 | 0310 | 0201 | 0270
Objectives
Contribution WM 0.175 0.178 0.255 0.186 0.335 0.270
Econ. feasib. 0150 | 0137 | 0.142 | 0155 | 0167 | 0.135
Hazards 0292 | 0385 | 0360 | 0286 | 0286 | 0.286
High social ey 0333 | 0385 | 0400 | 0238 | 0476 | 0476
impact
Jobs 0375 | 0231 | 0240 | 0476 | 0238 | 0238
High Emissions 0526 | 0526 | 0556 | 0526 | 0526 | 0.526
environmental o
protection Eutrophication 0.474 0.474 0.444 0.474 0.474 0.474
High Treat. Cap. 0526 | 0909 | 0556 | 0667 | 0526 | 0526
contribution ]
to WM Residue 0474 | 0091 | 0444 | 0333 | 047 | 047

Table 104: Weights given through the Swing and Reverse Swing method by the 6 GSO stakeholders

GSO-1 | GSO-2 | GSO-3 | GS0-4 | Gso-5 | GSo-6

Tech.reliabilty 0.167 0.231 0.263 0.243 0.270 0.270
Social impact 0.177 0.231 0.211 0.054 0.054 0.054
. Env.protection 0249 | 0212 | 0105 | 0216 | 0162 | 0.216
Objectives
Contribution WM 0.240 0.212 0.263 0.270 0.216 0.270
Econ. feasib. 0.168 0.115 0.158 0.216 0.108 0.216
Hazards 0.476 0.455 0.556 0.476 0.556 0.500
High social [Ny, 0310 | 0318 | 0278 | 0381 | 0278 | 0350
impact
Jobs 0.214 0.227 0.167 0.143 0.167 0.150
High Emissions 0.412 0.667 0.375 0.474 0.444 0.556
environmental T
protection Eutrophication 0.588 0.333 0.625 0.526 0.556 0.444
High Treat. Cap. 0.298 0.444 0.474 0.526 0.556 0.412
contribution ]
to WM Residue 0.702 0.556 0.526 0.474 0.444 0.588

Table 105: Weights given through the Swing and Reverse Swing method by the 6 NGO stakeholders

NGO-1 | NGO-2 | NGO-3 | NGO-4 | NGO-5 | NGO-6

Tech.reliabilty 0162 | 0067 | 0162 | 0067 | 0059 | 0.111
Social impact 0184 | 0333 | 0243 | 0333 | 0294 | 0286
L Env.protection 0239 | 0133 | 0270 | 0267 | 0294 | 0317
Objectives
Contribution\WM | 0.284 | 0267 | 0189 | 0200 | 0235 | 0.159
Econ. feasib. 0.142 | 0200 | 0135 | 0133 | 0.118 | 0.127
Hazards 0432 | 0337 | 0364 | 0318 | 0409 | 0.350
High social IS 0351 | 0465 | 0455 | 0455 | 0.455 | 0.500
impact
Jobs 0216 | 0198 | 0182 | 0227 | 0136 | 0.150
High Emissions 0588 | 0667 | 0588 | 0.667 | 0.444 | 0.556
environmental o
protection  [ENUCILEETeY 0412 | 0333 | 0412 | 0333 | 0556 | 0.444
High Treat. Cap. 0556 | 0.333 | 0556 | 0.333 | 0556 | 0.412
contribution ]
to WM Residue 0.444 | 0667 | 0444 | 0667 | 0444 | 0588
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Municipal solid waste continues to be a challenge for municipal authorities, and finding best practices and
appropriate solutions for its management is of great interest to municipal officers.

Municipal organic waste, also called biowaste, constitutes the main fraction of municipal solid waste in
low- and middle-income settings. Often, more than 50% of all municipal solid waste is organic and easily
biodegradable. lllegal and uncontrolled disposal of solid waste that contains a high percentage of biowaste
leads to the generation of methane (a potent greenhouse gas), as well as landfill leachate, that may pollute
groundwater and surface water. Finally, biowaste, if managed inappropriately, attracts animals and disease
vectors and, thus, puts human health at risk.

Whereas in the past, the priority of waste management was the collection and removal of waste with
subsequent disposal, the importance of resource recovery and recycling is attracting more attention and
priority. Along with this increasing paradigm change focusing on resource recovery, new approaches for
the management of biowaste with respective treatment technologies are becoming more popular (e.g.
composting, anaerobic digestion, black soldier fly processing, vermicomposting, etc.). We developed the
SOWATT manual: Selecting Organic Waste Treatment Technologies to help structure and assist in the
process of comparing and selecting the most promising biowaste treatment options for a given case study.

The underlying concept of this manual is that biowaste has a value and that recycling
biowaste can contribute to the economic and environmental sustainability of solid waste
management.



