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The Biores DSS in an online decision support taol Ibcal and national authorities and
investors, interested in investing in small-scalESRapplications based on biogas from waste.
The tool has the capacity to assess both techmiodl financial aspects, including the
feasibility of such investments. It takes into amwball the basic parameters that affect
decision making for investing in plants recoveriniggas from waste. The principal aim is to
assist potential investors to assess the existtngtion, identify non-technical barriers that
are present in each case and evaluate the felysénli viability of potential investments.

The tool takes into account six possible sourcdeadstock, namely:

Municipal Solid Waste (MSW)
Animal Waste

Agricultural Waste

Industry Waste

Sewage Sludge

Septage Waste

ouokwnpE

Five main investment options are considered, ngmely

Option 1: Upgrade an already existing Anaerobicedign biogas plant
Option 2: Establish a new Anaerobic Digestion bgogknt

Option 3: Establish a new Anaerobic Digestion bB®glant next to an existing
landfill

Option 4: Establish a new biogas recovery unit nexn existing Landfill
Option 5: Establish a new Anaerobic Digestion bfogdant next to an existing
wastewater treatment plant

"# #
On the left hand-side of each page the user hagptien to CREATE a new scenario, load a
previously SAVED scenario, or SAVE an already cedatcenario.

A scenario is a collection of the data the useemsnnto the Input Wizard of the DSS tool
(e.g. throughout the navigation of the several irgbeps of the Wizard), while he/she is
describing their particular investment and plafitaistructure use-case; and defining its
various data elements (e.g. “project location” diyef investment”, “feedstock composition”,
etc).

Scenarios are SAVED in the DSS tool’s central dagelio allow subsequent reload and later
reuse (e.g. to re-execute a use case by modifgrtgin elements only). When a scenario is
re-LOADED, the tool automatically fills in all inpdields with the data originally specified.
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The user can easily use the DSS tool without maks®gof the scenario-related facilities. The
use of scenarios is useful ONLY to frequent usdre want to store and re-process their data.

The user should type-in a unique name for thienage (it is advisable to restrict to 80
characters long) and press the CREATE buttonelfidime is not unique, they’ll get an error
message. In that case, they should try using ann#ree for their scenario.

ATTENTION: always create a hew scenario in the beginningof online session with the
tool. The reason is that, you'll be redirectedhe very fist page (i.e. “Situation Analysis”)
and you'll loose any data you've currently inpugdf you've gone through several steps in
the Input Wizard).

The user should type-in the name of a scenarioubajready SAVEd into the tool's
database and press the LOAD button. If the namafsge matches the name of a SAVEd
scenario in the database, then they’ll be autoriticedirected to the 1st Input Wizard step.
All data they’ve specified in their SAVEd scenawil be automatically re-loaded and
displayed on the appropriate sections of the INgizard.

ATTENTION: you won't be able to LOAD a scenario that youbrdy CREATEd, without
having it SAVEd into the database.

They user should press the SAVE button to storel#te of their last CREATEd scenario in
the tool's database.

ATTENTION: You can only SAVE a scenario that a) you havealy CREATEd (only the
last CREATEd scenario will be taken into accoub}f)and you have already finished the
description of the Current Situation and you hgpecgied AT LEAST ONE INPUT
ELEMENT IN THE INPUT WIZARD steps.

How to use a scenario?

Enter name for new scenario:

Enter name to load a scenario:

Load
Save the |loaded scenario: Save
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Important notes for the user:

Always CREATE a scenario in the beginning of youeraction (e.g. in the
“Situation Analysis” page). If you do it later oe.§. during the specification of the
non-technical barriers) the tool will redirect ymuthe first page (i.e. “Situation
Analysis”) and you'll eventually loose any data fauinput during your current
session with the tool!

Always SAVE a scenario you have CREATEd. This &sanly way to SAVE your
use-case data in the database. Bear in mind thabdoh does not press the SAVE
button automatically on your behalf!

The tool does not store any values you have spddifi the “Non-Technical Barriers:
Specification” and the “MCDA Criteria: Assign Weitgh sections.

$ % &
On every page within the DSS there are two imag#seabottom of the page:

Print : This will open the print dialogue box bktuser's browser and allow the user to
print the complete page.

Contact Us: this will open a new email messageaaly filled with the correct email
address so as to allow the user to contact thaditenistrators.

Additionally, on the left of the screen are linksdteps in the DSS process that have been
undertaken. These links allow users to quicklynreto a previous step.

The central panel within the page is for userslitanfdata in dynamic forms.

&# #
The first step in the interactive process is thériteon of the Current Situation. The user will
be prompted to answer a set of dynamically fornealajuestions related to the definition of
the current situation; all questions should be a&med on this page.
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Situation Analysis

Is there an existing AD plant? © YES @ nNO

Is there an existing Landfil? @ yES © O

isknere space for an AD Plant nextto the Landfil? @ vEs © NO

Is there an existing WWTP? @ yEs © NO

Is there space for an AD Plant next to the WWTP? © YES @ o

Is there space for an AD Plant somewhere else? @ YES © nO

Next

Mote on the space required for a new Anaerobic Digester Plant
Below iz the average required space for a new AD Plant, based on the amount of
waste the Fi tending to service:

Small Capacity Plant: 3000 m2

Medium Capacity Plant. 8500 m2

Large Capacity Plant: 15000 m2

Figure 1: Situation analysis input form

If there is an existing Anaerobic Digester plantyatr site select the “yes” radio button,
otherwise choose “no”.

If there is an existing Landfill at your site sdld¢be “yes” radio button, otherwise choose
HnOH.

If there is space for a new Anaerobic Digester tplaext to your Landfill select the “yes”
radio button, otherwise choose “no”. Remember that space required for an Anaerobic
Digester depends upon the amount of waste the iglamtending to service:

Small capacity plants: 3000°raverage
Medium capacity plants: 6500’ raverage
Big capacity plants: 15000%average

To calculate the space required for an anaerobistion plant with specific capacity, one
could use the equations below:

Capacity <5000tn 5000 — 20000tn >20000tn
Anaerobic digestion plants ~ 0.65 per tone 0.5 fiper tone 0.45 fAper tone

For example: For a plant that treats 15000tn oftevper year the space required is:

15000 * 0.5 = 7500M
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This question will appear only if there is no Analdc Digester plant at your site. In this case,
if there is an existing Waste Water Treatment Pénytour site select the “yes” radio button,
otherwise choose “no”.

(
This question will appear only if there is no Anatdc Digester plant at your site but there is
a Waste Water Treatment Plant. If there is spacarfcAnaerobic Digester plant next to your
Waste Water Treatment Plant select the “yes” raditon, otherwise choose “no”. See above
for guidelines for assessing whether sufficientegda available.

)
This question will appear only if there is no Anadc Digester plant and no Waste Water
Treatment plant at your site. If there is spaceaforew Anaerobic Digester plant somewhere
else on your site select the “yes” radio buttorheotise choose “no”. See above for
guidelines for assessing this.

" #$
Once all the appropriate selections have been maess the button marked “Next” to
continue to the input wizard for a detailed inpé@itdata related to the expected investment
project.

% *+
The input wizard is designed to collect specifidormation concerning the planned
investment project. Those elements which are mangéte. always need to be filled in) are
signified by a red asterisk) If at any point you decide that you would like amend the
information you input during the previous step,gsr¢he button at the bottom of the page
marked “Back step”.

%
Give general information about your expected prdjgcanswering the following questions.
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Input Wizard

Step Number:1
Note:* indicates mandatory field

GENERAL INPUT

Project Location:

Country.

Which cumencydo you wantto use?

Hungary bl

@ Euro ° Other

Municipal Solid Waste generated (kg/capita

Iday}

“rear oflnvestment:

Investment Ligtime:

Permanent Population:

Additional Seasonal Population:

Ayerage num ber ofdays seasonal visitors /

tourist= stayon the island:

MSW Organic Mater (fradtion in range [0.1]):

Costofland o be bought for the new Plant

(C umren cwm2):

Fuel cost (Cumencylt) brfeedstock
transportation (e.g. MSW, manure etc)

Percentage of Fuel Used (eg. for

@

Focl Ty e transportation, heating, etc.)
F @
Propane g 3
YES WO
P @
Coal : '
YES NO
Renewable : a
Energy YES NO
Natural Gas X @
YES NO
Diesel 5 e
YES NO
P ]
Gasoline : g
YES WO

Awerage Gross MonthlyCost peremployee (Currencyy: &

Figure 2: General information input form
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Write the name of the location of the project ia thxt box.
Choose the country in which the project is locdtech the drop-down list.

Indicate whether you plan to use Euros or anotbherency in you project. If you expect to
use another currency please specify the following:

Give a 3 letter abbreviation for the currency yoanivto use; for example, “GBP” for British
pounds, “NOK” for Norwegian Kroner, or “USD” for U&ollars.

Give the exchange value of one unit of the curreymy have specified, in Euros. In other
words, the number of Euros corresponding to 1 einyiour currency, e.g. 0.134 for DKK, or
1.14 for GBP.

Lo
Give the amount of solid waste generated by theibdipality in kilogram per person per day.

# 0 W& (
Give the year the investment is expected to be rtakkn.

) & (% (
How many years do you expect your investment ptdjedast? Usually, investments of this
type have at least 15 to 20 years lifetime horizdawever, notice that the lifetime varies
according to the nature of the investments andoafth the physical assets may last
significantly longer than lifetime, it is not geadly efficient to attempt forecasting over
longer periods.

+ (
Give the resident population who stay on the islaeananently (all year round).

Give the average number of visitors (non-permaresitdents and tourists) per year.

- (/' % o
Give the average number of days seasonal visitaysos the island.

0 ( % o"
Give the percentage (presented as a decimal betveenl 1, e.9.0.25 for 25%) of organic
matter within the Municipal Solid Waste.
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% /1 % I

Give the average cost of land (pef)rim the area you expect to implement the investmen
project.

1 "% % 2( !
Give the cost per litre you presently pay for ff@l vehicles which transport feedstock such
as Municipal Solid Waste, manure, other agricultwaste etc.

1 3 42 % 1 4 5 % 2 2

In this section describe the present fuel soursesl within your locality and the proportion
of the overall total fuel used provided by themeThel types specified include: Propane,
Coal, Renewable Energy sources, Natural Gas, Diesel Gasoline (Petrol). For each of
these fuel categories, if the fuel is used, sdleet'yes” radio button and add the percentage
of the overall fuel requirements of the area thahéet with this specific fuel. If the fuel type is
not used, select the “No” radio button. The surthefvalues given here cannot be over 10 but
could be below this figure if other fuels are irrubut are not listed.

_l 6 7( n
Provide an estimate of the average gross monthdyysaf employees in the area where the
investment project will be undertaken.

Describe the finances of the project by answelliegée questions.

Investment Capital Cost Subsidy (%)
Investment Discount Fadctor (discount rate %)
Estimated Annual Avg. Inflation Rate owver the Investment lifetime (%)

Tax Rate on Profits (36):

Figure 3: Financing input form

&' ( /
Give the amount of subsidy available for the projaderms of the percentage of the initial
investment cost. Financial support mechanismsn&ruments or incentives) for renewable
energy projects often include governmental instmisigrouped into price-support schemes,
and compensation schemes. The latter comprise aemmf instruments. One usual
instrument amounts to a certain percentage ofaiainitial investment cost.

& (8 %

Give the discount rate (percentage) which is the aawhich future values are discounted to
the present. Usually considered roughly equal ® dpportunity cost of capital. The %

PH0012_BioRES DSS manaual.doc



‘l} Title: D71 - DSS Training Material (EN) Page number 15 from 41

ATLANTIS
Project: BIORES Availability: public |Status: Final Version: 1
Prepared by: P. Hampson Reviewed by: P. Raxis Dat80/04/2010

discount rate will normally be chosen on the basigrevailing % risk-free interest rates, for
example the (annualized) 3-month EURIBOR rate er(dmnualized) 10 years Government
bond yield, or on the basis of the minimum desiegd of returrfor the project.

7 (- &% ' % ( % &' (
Give an estimated average annual inflation ratéicgpe over the project lifetime. If this is
difficult to be determined, use the average animfldtion rate over the last 5 years. Take into
consideration the possibility of (either downwardipward) sloping trends in inflation rates.

39 %
Give the (percentage) tax rate on profits appliedblthe country where the investment takes
place and suitable to your corporate status.

Once you have input all the relevant informatiomess the “Next Step” button.

Back Step Mext Step

If you have an existing landfill at the locatioresdribe it by answering these questions.
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Figure 4: Landfill related information input form

( %
Give the percentage of the permanent populatioreddsy your landfill.

$ %
State the year the landfill opened.

* 0/0

State the year the landfill closed or is expecteddse.

* 0/0 % ( n
State the surface area of the landfill i m

# * %
State the average height of the landfill in metres.
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If there is an existing Biogas collection systenvisgy the landfill at your site (and therefore
no investment with be required to create one) sé¢hec“yes” radio button, otherwise choose
HnOH.

If the “No” button is selected the following questibecomes visible:

! " # $

There are two types of gas recovery system avail@bthoose, one or more of them should
be chosen depending on the collection system tintpdemented as part of the project
investment. The choices are the “Horizontal Trestla&d “Extraction Wells” (or both).

Extraction Wells

Figure 5: A typical recovery system using verticafjas extraction wells

Vertical gas extraction wells are installed aftee {andfill or portions of the landfill have
been completed (e.g. corresponding cells have fillmhup and closed).

Horizontal Trench

Figure 6: A typical recovery system using horizontbetrenches

Horizontal trenches are installed after two or mdte have been completed.
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How much area (give this in3nnext to the landfill and suitable for use durithg project
lifecycle is available for purchase? If this istlempty, or is too low for the required project, a
minimum required space relevant to the other clsoigeeviously made will be used in
calculations, if it is higher the higher value vblié used. This question will be visible only if
the question —“Is there space for an AD plant nexyour Landfill?” on the “Situation
Analysis” page was answered “yes”.

Remember that the space required for an Anaerolgesier depends upon the amount of
waste the plant is intending to service:

Small capacity plants: 3000°raverage
Medium capacity plants: 6500°raverage
Big capacity plants: 150007average

To calculate the space required for an anaerobiestipn plant with specific capacity, one
could use the equations below:

Capacity <5000tn 5000 — 20000tn >20000tn
Anaerobic digestion plants ~ 0.65 per tone 0.5 fiper tone 0.45 fAper tone

For example: For a plant that treats 15000tn otevpsr year the space required is:

15000 * 0.5 = 7500Mm

o1 ( '
How much area (give this in3nnot next to the landfill but suitable for useidg the project
lifecycle is available for purchase? If this istlempty, or is too low for the required project, a
minimum required space relevant to the other clsoipeeviously made will be used in
calculations, if it is higher the higher value vblé used. This question will be visible only if
the question - “Is there space for an AD plant seheze else?” on the “Situation Analysis”
page was answered “yes”. See above for guidelimeadsessing whether sufficient space is
available.

- 1 9 3 ( (G
How much area (give this injmext to the Waste Water Treatment Plant and sleitar use
during the project lifecycle is available for puasie? If this is left empty, or is too low for the
required project, a minimum required space relet@tite other choices previously made will
be used in calculations, if it is higher the highealue will be used. This will only be available
if the question 2.5-Is there space for an AD plaekt to your WWTP?” on the “Situation
Analysis” page was answered “yes”. See above fataljnes for assessing whether sufficient
space is available.

0 8 3
If you would like further treatment for compost guztion to be applied to digestate select
the “yes” radio button, otherwise choose the “Nadlio button. In the case that “yes” is
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selected, you will need to add the price you expestll the resulting compost for in terms of
a price per tonne.

&
Describe the composition of the feedstock to bel ligeanswering these questions.

Figure 7: Feedstock composition input form

If the feedstock is expected to contain Municipalicé Waste select the “yes” radio button,
otherwise choose “no”.

If the feedstock is expected to contain manurecsée “yes” radio button, otherwise choose
“no”.

If the feedstock is expected to contain other affxical waste select the “yes” radio button,
otherwise choose “no”.

If the feedstock is expected to contain sewagegslisglect the “yes” radio button, otherwise
choose “no”.

# &
If the feedstock is expected to contain industsiaste select the “yes” radio button, otherwise
choose “no”.
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If the feedstock is expected to contain septagees@om septic tanks) select the “yes” radio
button, otherwise choose “no”.

( (

This information will only be collected if the festdck contains Municipal Solid Waste.

Figure 8: Municipal Solid Waste information input form

# / "
What percentage of the Municipal Solid Waste iseex@d to be used?

# / (
Choose the appropriate radio button depending oethven the waste will be separated at
source or whether a mechanical separation procdsseed to be implemented.

# ©< ( ;51"
Estimate how many vehicle hours are required pgta#&ansport the Municipal Solid Waste
to the biogas processing plant?

# X %
The average horse power rating for the vehicled tsdéransport the Municipal Solid Waste
to the biogas processing plant.

) (

This information will only be collected if the festck contains manure.

PH0012_BioRES DSS manaual.doc



Title: D71 - DSS Training Material (EN) Page number 21 from 41

Project: BIORES Availability: public |Status: Final Version: 1
Prepared by: P. Hampson Reviewed by: P. Raxis Dat80/04/2010

Figure 9: Manure information input form

) -(3 -«

Select which type(s) of animal manure are expetbete included in the feedstock and
estimate the animal population that will be supmiythe manure for each type. There are 4
categories available: buffalo, chickens (and othets), cattle and pig.

For each type of manure expected to be includddctsthe “yes” radio button and give an
estimated population of animals. If that speciipe of manure is not expected to be included
select the “no” radio button.

) , < ( ( , 51"
Estimate how many vehicle hours are required pgrtadransport the manure to the biogas
processing plant.

) ; % (
Estimate the average horse power rating for théckeshused to transport the manure to the
biogas processing plant.

This information will only be collected if the festidck contains agricultural waste.
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Figure 10: Agricultural waste information input for m

+ 3 '

Select which type(s) of crops will comprise theiagtural waste expected to be included in
the feedstock and estimate the area of land (its @fi10000 rf) that will produce this waste.
There are 11 categories of crops available: Alfalféaize, Clover, Grass, Jerusalem
artichoke, Barley, Forage beet, Potato, Marrow ,Kabpe and Wheat.

For each type of agricultural waste expected tanbkided, select the “yes” radio button and
give an estimated population of animals. If theety crop is not expected to be included

select the “no” radio button.
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Estimate how many vehicle hours are required pgrtdatransport the agricultural waste
(biomass) to the biogas processing plant.

+ : %
Estimate the average horse power rating for thecleshused to transport the agricultural
waste to the biogas processing plant.

This information will only be collected if the festdck contains sewage sludge.

Figure 11: Sewage sludge information input form

: 3 =" !
Give the capacity of the waste water treatmenttgtam which the sludge will be supplied in
terms of the number of people the plant served@nahich sludge will be provided.

, < ( ;51"
Estimate how many vehicle hours are required pgrtaldransport the sewage sludge to the
biogas processing plant.

1 ; %
Estimate the average horse power rating for théckeshused to transport the sewage sludge
to the biogas processing plant.

This information will only be collected if the festick contains industrial waste.

PH0012_BioRES DSS manaual.doc



Title: D71 - DSS Training Material (EN) Page number 24 from 41

Project: BIORES Availability: public |Status: Final Version: 1
Prepared by: P. Hampson Reviewed by: P. Raxis Dat80/04/2010

Figure 12: Industrial waste information input form

. & =
Select which type(s) of industrial waste are exgedb be contained in the feedstock and
estimate the amount of waste expected (tonnes gmai).yThere are 4 categories available:
Milk whey, Olive pomace, Fish remnants and Grapagee.

For each type of industrial waste expected to bkided, select the “yes” radio button and
give an estimated population of animals. If theetyb industrial waste is not expected to be
included select the “no” radio button.

: ;< ( ;

! n
Estimate how many vehicle hours are required peraldransport the industrial waste to the
biogas processing plant.

. : %
Estimate the average horse power rating for thécke=hused to transport the industrial waste
to the biogas processing plant.

This information will only be collected if the festdck contains Septage.
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Figure 13: Septage information input form

0 =
Select which type(s) sewage are expected to beaioeut in the feedstock and estimate

amount of waste expected (tonnes per year). Ther2 aategories available: Septic tank and
Pit latrine.

For each type of sewage waste expected to be mxt|uslect the “yes” radio button and give
an estimated amount in tonnes per year. If the tfgadustrial waste is not expected to be
included select the “no” radio button.

0 : < ( . L

Estimate how many vehicle hours are required pgrtadransport the septage to the biogas
processing plant.

0 : %
Estimate the average horse power rating for thécheshused to transport the septage to the
biogas processing plant.

)

Describe the usage of the Biogas produced by thjeqirby answering these questions:
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Figure 14: Biogas final usage input form

3 %%
Describe the intended final use of the Biogas preduby choosing between “CHP”
(Combined Heat and Power); “Electricity productioahd “Gas upgrade” (i.e. will be
enriched in a further process) by selecting the@ppate radio button.

3 %
Choose the type of technology envisaged for yoajept by selecting from the drop down list
(by pressing the arrow button and selecting ther@pfate technology). These will be
dynamically assigned depending on the type of fiisalge.

If the choice of final usage is “CHP” there 2 opsoavailable from the dropdown list, these
are “Industrial” or “Microturbines”. If the final sage is “Electricity production” there are 3
available choices; these are “Internal Combustingife”, “Turbines” and “Microturbines”.

If the final usage choice is “Upgrade” there isyoahe available option (“Upgrade”) and this
is chosen automatically.

CHP related technologies

Industrial: Industrial Combined heat and power (EBystems (also known as
cogeneration) generate electricity (and/or meclameicergy) and thermal energy in a
single, integrated system. The most efficient idalsCHP systems exceed 80%
overall efficiency and are those that satisfy gdéathermal demand while producing
relatively less power.

Microturbines: Microturbines have greater overaktmgy recovery efficiency from
waste heat recovery, but they have an additiorsil associated with the electricity
generation component.

EP related technologies

Internal Combustion Engine: The internal combusg&ngine is an engina which
the biogas mixed with air is ignited in a combustalhamberinternal combustion
engines have low cost, high efficiency and religbdnd it is the most common
technology in such applications. Their disadvardéagye related to concerns due to
particulate matter buildup, the corrosion of engpaets and catalysts and the high
NOx emissions.
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Turbine: Gas turbines for biogas are as effecthnek efficient as the internal
combustion engines, but they are more resistanhawnd lower NOx emissions and
smaller size. Their cost is higher than the intecoabustion engines.
Microturbines: Microturbines have the highest éfficy, very low emission rate and
small size. However, they have the highest capist.

Once you are satisfied that you have input allrievant information and are satisfied with
your answers press the “Next Step” button.

*

For most cases the following elements will be ideld as a separate block. However, in the
case of updating or replacing an existing Anaer@hbggester plant at your site, these elements
will be part of the Input related to finance blamktlined previously.

Figure 15: Step 4 input form

7
Give the price which electricity produced by thedas plant will be sold for, on a per
kilowatt hour basis.

3 (7
Give the price which thermal energy produced byhiogas plant will be sold for, on a per
kilowatt hour basis.

6 I( "
Give the price per frthat upgraded gas produced by the upgraded bjmigasis expected to
sell for.

7( ' 6 5% L
Give the estimated gate fees that will be chargeithé project on a per tonne basis.
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This will only be available if the aim of the projeis to replace or update and existing
Anaerobic Digester Plant.

Figure 16: Input relating to the an existing Anaerdic Digester Plant

Give a figure for the gas produced by the existmgerobic Digester plant in terms of m
produced per year.

<
Give the operational cost for the existing Anaecdbigester plant on the basis of Euros per
year.

Give the capacity of the Anaerobic Digester plartibnnes per year.

1 % 1 3
What are the present transportation costs for p@mation of feedstock to the Anaerobic
Digester plant in any currency (Euros or other ency) per year.

# 3 %% 4 % 9 -8
Describe the final use of the Biogas produced bstiexy plant by choosing between “CHP”
(Combined Heat and Power); “Electricity producti@rid “Gas upgrade” (i.e. it is enriched in
a further process) by selecting the appropriat®raditton.

% &' $ # ()
If the CHP radio button is selected give the noinimaver of the generator.
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A non-technical barrier (NTB) is a foreseeable hindance in a project, that affects its
implementation. It is due to human beings rather tlan objects or technologies.

We differentiate betweenternal and external barriers, following a geographical criterion
with island-specific barriers listed as internatlaron-island-specific barriers listed as
external.

The specification of the non technical barriers BSY affecting the project is done by

selecting a relevant NTB and providing a numbeaatale from 1-9 (1-slight effect, 9 great
effect) describing the level to which the NTB igegted to affect the project implementation
for a given option (see below for details on thdouws options). If you do not believe that a

NTB applies to your situation for a given optioave it blank. It should be stated that a new
NTB should only be added if it is not already cageby existing categories.

")
There are a number of different options which iatkcthe changes or activities to be
undertaken throughout the investment project. Ircase will all options be applicable to a
given investment project. The possible optionslabée are the following:

Option 1: Upgrade existing anaerobic digestion lasglant

Option 2: Build and Anaerobic digestion biogas flan

Option 3: Build an Anaerobic digestion biogas plaeit to landfill

Option 4: Build a Landfill biogas recovery plant

Option 5: Build an Anaerobic digestion biogas plamxt to wastewater treatment
plant

Option 6: DONOT invest.

Notice that barriers are divided into internal andernal following a geographical criterion
with island-specific barriers listed as internar(Example local public acceptance barriers)
and non-island-specific barriers listed as exteiffiai example time-consuming licensing
procedures due to central government inadequadiBe)geographical criterion presumes that
local barriers a more easily manageable than barriers instigateddm outer sources. To
get help on a specific barriers type click on the?) sign.
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Figure 17: NTB severity assignment form

")
There are a wide range of NTBs but they have beendd into groups (to which you should
ascribe an overall value). These sections are:

'L # 20 #
Under this envelope term a large number of admmatise barriers are included. For example,
this could include there beirtgo many agencies and authorities responsible kimga
part in the authorization process (e.g. licensimgvironmental assessments,
installation permit, operation permit); or simifaoblems.
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This group includes barriers stemming from existiagulations (either local regulation for
internal barriers or national regulations for emtdtbarriers).

Examples include:

the existing regulatory framework does not provibeentives to deliver industrial
waste to a biogas plant;

the existing regulatory framework does not proviugentives to deliver agricultural
waste to a biogas plant (including manure and athenal waste products);

the existing regulatory framework does not provideentives to exploit sewage
treatment waste in biogas production;

the existing regulatory framework does not provédkequate incentives for landfill
biogas recovery; etc.

1 . # 0 #

These refer to barriers caused by the infrastrattamd economic environment in which the
investment project will be undertaken. Examplethaf type of barriers includes:

difficulty distributing heat produced;

restrictions and/or uncertainties in the supplyaskte (any type);
biogas distribution network and storage capacitymged,;

the plant will have a negative impact on tourism;

serious land limitations for this type of investrh@imited available land or next to
tourism industry facilities or other);

3 #
This refers to difficulties in financing the profjeand includes barriers such as:

finance availability through investors is limiteldgal investment scheme will not be
supported);

difficulty obtaining financial support for items &u as: operational costs,
maintenance costs, creation of a consumer serffice;o

etc.

( 4 15#61% '#5% % O #
This refers to difficulty in getting people (invess, decision makers etc.) to understand the
advantages of the project because of a varietegptions including:

they believe that they already have technologiesréating municipal and industrial
waste that can compete with biogas;

they already have low cost commercial fertilizers;

local entrepreneurs consider this type of biogastphs a high risk investment;
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other biomass fuels (such as ethanol) that compittebiogas and its digestate are
available (if heat option is applicable);

energy crops, not intended for biogas, can be gneitim a higher profitability than
biogas crops;

etc.
) 40 ' %
This category of NTBs covers barriers such as:

a lack of information and awareness regarding lsogknts among the
general public;

a lack of social acceptance and local participatammards implementation of
renewable energy projects;

farmers have only limited knowledge about the agrical by-products from
biogas production;

local/regional authorities or other public bodiesdl wppose to this type of
biogas investment; etc.
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Figure 18: New NTB specification form

If you feel that the NTB categories are no repreére of the NTBs you face, a new NTB
can be added by choosing the “yes” radio buttoneartdring a name for the NTB in the box.

Following this, values can be added to describantipact of your new NTB on a per option

basis for internal or external aspects by givinglae of 1-9.

( '‘## * I#

The MCDA decision making process implemented wittiia DSS relies on weightings to
understand what is viewed as positive by the usémneich elements are more positive than

others.

For each of the criterion, a number between 0+188ds to be added in the provided box to
emphasise the importance given to a particulaeriait for example a score of 0 would mean
that criteria was not a factor in your decision mgkscheme; while a score of 100 would
mean that the criterion was of absolute importaiNmte: weights do not have to add-up to

100).

There are two sets of criteria both of which Wil assessed together.
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Figure 19: Criteria weighting assignment form

Below is a description of the criteria assessethbysystem. Once all criteria have been
ascribed a weighting press the “proceed” buttonvaaidl

# 7 ( >3?
Note: Internal calculations in all economic critaruse a compound interest rate in
discounting form.

% * + * +

The NPV is one of the most popular investment datshowing the Net Present Value of the
investment under the assumption that the investhasted for twenty years (or based on the
investment lifetime). The NPV is the sum of allatianted (using the discount rate) net cash

flows generated by the project across the invedtrifatime minus the initial investment
cost.

% ’ - - -

IRR is the discount rate at which the net presahiesof the project would be zero. IRR is the
preferred criterion in the majority of investmenbjects and works in collaboration with
NPV. The merits of IRR lie in the facts that itrire objective and univocal than NPV. It
gives an estimation of the cost of capital which ba sustained by the project to just break
even over the project’s life. If the actual costapital is less than the IRR, the project has the
potential to make a profit in real terms. Thus,vitdue demonstrates the total rate of return
achieved by the project. This rate can be comp@reeturn rates from alternative investment
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opportunities. The reference comparison rate wbeldhe discount rate chosen for the NPV
analysis. It is evident that th® investment optionproduces an IRR that equals the discount
factor.

% (

The PP (payback period) is the amount of time urdgts have been reimbursed and is
normally important for those utilising®3arty funding. PP may be particularly suitableas
investment criterion when the perceived amountisif and uncertainty associated with a
project is high and the emphasis is on recoveraigl tcapital expenditures as quickly as
possible. The PP provides an assessment of a psopeonomic feasibility. An investment is
considered feasible or viable if the estimated palperiod satisfies the investor’'s expected
reimbursement time period. The investment optionhas zero payback period since this
option has zero net present value.

% ., $ &

Investment (capital) cost (the necessary upfropitaly reflects one of the most commonly
cited financial barriers, namely the high starirmgestment costs and the subsequent inability
to raise funding. Given that the DSS targets thigelst possible set of stakeholders and
potential investors, we chose to measure thisriitén absolute terms (in €) as for example,
an amount of 1,000,000 can be considered largeafdocal community association of
investors while it can be considered easy to copi fior a specialized investment
company.Internal Barriers

If the limitation of internal barriers (identifieon a previous screen), are viewed as being of
high importance in your choice of options this dddae given a high weighting.

% %/ O

If the limitation of external barriers (identified a previous screen), are viewed as being of a
high importance in your choice of options, thiswddde given a high weighting.

#

% ' -

If the reduction of Greenhouse gases is a highripridor your investment project, this
category should be given a high weighting. Bioggsically has methane concentrations
around 50%. 1 tonne of GHias the same environmental impact as 21 tonn€©OafDue to
the alternative biogas management, the, GHeased in the air due to MSW and other bio
waste decomposition is reduced.

% 1

If the reduction of Fossil fuel usage is a highopty for your organisation, this category
should be given a high weighting. There are a nunabgroblems associated with fossil
fuels, most of which stem from the by-products t#dawhen they are burned to create
energy. Biogas can be burned or utilized to fuagimes, thus by the substitution of fossil
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fuels CQ emissions are avoided. In addition to their envinental problems, fossil fuel
dependence is also costly to everyday citizensy@sy is sent out of the domestic economy.

% - & $ 2

If you view the reduction of use of chemical fergrs as a high priority, a high weighting
should be given to this criteria. The most impartadvantage of organic fertilizer is its
participation in the natural nutrient cycle, whilgorganic fertilizers are additional to it.
Surplus, using compost as fertilizer minimizes éhgironmental impact of companies which
produces fertilizers and the energy demand for it.

% . $ 3 - "

If the reduction of odour or the improvement of isgtion within the investment project
locality is a high priority, a high weighting shdube given to this criteria.

% %% $ &

If an aim of the project is to create employmenediis a high weighting. The construction
and operation of a biogas plants generates botkipsr and full-time jobs. Notice that both
quantitative and qualitative impacts could be takea account. For example the number of
jobs created in the island can be as importanthasdbs’ continuity. The latter depends
highly on the type of project considered. Local @yment creation in the operation &
maintenance stage is more permanent and the cdsegafs has particular advantages since
resources have to be supplied in order to be wamsid into a primary energy source. The
production, processing and transport of biomasslileedy to have substantial employment
effects. For parsimony reasons we suggest thefube aumber of permanent jobs created.

% ! &

If an aim of the project is to improve the energyearage (i.e. the energy needs of the Island
that can be covered), give this a high weightibgrovides a measure (a) of real production
and (b) of the investment decision capacity as wasll(c) a relative reference guide with
respect to existing environmental policy targets.

) 4.1 7

The performance matrix gives a numerical representaf the scores identified on a per
option basis, for each criterion presented on tkehtings page. Most are calculated using
figures input by you and non-variable values heldhie system data store. There are some
exceptions to this rule (see the explanations beldw addition, for each criterion the
weighting given is shown and will be used during timal comparison of options to calculate
a final decision of which option is preferable. @&lis a brief explanation of the context of
each score.
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Figure 20: Table presenting the performance scoreetated to economic criteria and NTBs

! * 4

The NPV is presented as a numerical estimatiomefNet Present Value in the currency of
your choice. This is calculated using a combinatbmput data and non-variable data.

The IRR shows the Internal Rate of Return as aemage. This is calculated using a
combination of input data and non-variable data.

The PP (payback period) is shown in years up timilnumber of years specified previously
as the “Investment lifetime”. If the PP extends do&y this, it will be represented as being
greater than the Investment lifetime, rather tha@ivan value. For example, if the investment
lifetime is 15 years and the PP is 17 years it Wl represented simply as “>15". This is
calculated using a combination of input data analvariable data.

e, % &

The Investment cost is the estimated cost in ybiasen currency of the initial investment.
This is calculated using a combination of inputadatd non-variable data.

' % , O

This is an average score for the internal bariigyat by you and consequently can never go
above 9.

rr /0

This is an average score for the external barigrst by you and consequently can never go
above 9.
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Figure 21: Table presenting the performance scoreetated to social criteria

! ’$ 3 - n

The improvement of odour reduction and sanitat®rbased on stored data related to the
technology chosen and the characteristics of theysu specified. The score will always be a
whole number between 0 and 10.

! *$  *#4
This is an estimation of the employment growth expe and is based on stored data related

to the technology chosen and the characteristicth@fsite you specified, the number is
representative of the number of new workers empl@gea result of the project.

! &
The energy coverage score is the percentage ¢tdehbty’s overall energy requirements that

would be provided for by the implementation of theject. The score is based on the
technology choices made and the installation cheriatics.

) 7

Figure 22: Table presenting the performance scoreetated to environmental criteria
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The GHG (Greenhouse Gases) Emission reduction $£ame1000 rfper year. The score is
based on the technology choices made and thelatginlcharacteristics.

! 1
The Fossil fuel savings score is in tonnes per gadrshows the estimated reduction per year

of the use of Fossil fuels in the project locality a result of the project implementation. The
score is based on the technology choices madéeharidgtallation characteristics.

! - & $ 2

This score shows, in terms of tonnes per yearrddaction of use of chemical fertilizers in
the catchment area of the project as a result @kased availability of fertilizer from the
project plant.

Finally to assess the scores via the MCDA and Isedinal decision as to which is the best
option for the user given the weighting input poasly, press the “View Overall Results”
button, which will then take you to the final arsily

8* # #
This page shows the final analysis of the compagaitores of the various options, based on
the scores shown on the previous page and the tirgglgiven for each criteria.

Figure 23: MCDA final decision results graph
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At the top of the screen is a graph showing thepaoative weighted score for each option
applied. It should be noted that these are not enisyns of quantitative scores (such as those
shown on the previous page) because the MCDA psocempares options in terms of
weightings. The scores shown are preference anéftimie O can be seen as the line of
indifference (and the median), while the sum ofrabative values equals the sum of all
positive values. As can be seen from example dratvn, the minus scores are below the
mean of the overall scores and the degree betweensdores therefore indicates their
favourability or lack of it.

There is a link for viewing the graph in a largernf via a pop-up window; this can be
activated by clicking the word “normal” in the sente at the top of the page.

Figure 24: MCDA results numerical representation

Following the graph is a table showing the numérg=ores for each of the applicable
options, this has the same information as the chart

Below the scores is a presentation of the criteci@es for the option which was found to be
preferable.

Figure 25: Selected criteria scores for the prefeed option.

This is a subset of the results included on théopmance matrix page but the results shown
are restricted to the scores for Net Present Vaiwestment Cost; Payback Period, External
Non-Technical Barriers, Internal Non-Technical Bans and Biogas produced.
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In the last section there is a “what if” analysfshow a change in the selected energy usage
and technology type would have affected the prepeabverall implementation cost and
expected income derived. These are representedns of the percentage difference between
the selected choice of the preferred option and \heous alternative pairs (usage

type/technology).

Figure 26: What if projections for the preferred option
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