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INTRODUCTION

This Report

This report is the Executive Summary of the Wastewmlasterplan, which has been updated
for the Addis Ababa Water and Sewerage AuthoritA\WSA). The Masterplan is a revision
and update of the previous Masterplan prepared9B8.1It includes the results of studies,
investigations and outline designs made in ordeteteelop a strategy for the sewerage for the
whole of Addis Ababa.

This report is in four volumes:

Volume I Waste Water Masterplan - Executive Sunymar
Volume II: Waste Water Masterplan - Existing sitaat
Volume IlI: Waste Water Masterplan - Main Report;
Volume IV: Waste Water Masterplan - Appendices.

It must be emphasised that this report is an upnfatee 1993 Masterplan. Therefore, this report
must be read in conjunction with the 1993 Masterpldany of the conclusions and
recommendations contained in that report arestiltl today.

Scope of work

The scope of works for the update of the Wastewdtesterplan study are defined in the terms
of reference as:

“The consultant shall review and update the Masderpstudy for the development of
wastewater facilities for the city of Addis Ababa.

He shall identify priorities and recommend a sdititaproject for possible financing by the
European Development Fund (EDF) or by others."

The recommended project may be multi-component.

The cost estimate should not exceed Ecu 35 millibrs not expected that EDF alone will
finance the implementation of all the recommendedke/ services. Rather it is intended that
this study should facilitate decision for financimgthe sanitation sub-sector by EDF and by
other multi-lateral and bi-lateral financing ageasct

Objectives

The objective of the Masterplan is to improve tkendard of living health of the citizens of
Addis Ababa. To achieve this objective the Wastewhtasterplan must address the following
ISsues.

1. Implementation and improvement of on site sanitafjpy community based water and
sanitation project).

Collection and disposal of sludge from septic taaukg dry pit latrines.

Improvement of sewer connections in sewered areas.

Provision of sewerage to un-sewered areas in Atloida.

Treatment of collected sewage.

arLD

Volume | - Executive Summary 1
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This updated Masterplan includes items 2 to 5 abOvesite sanitation was excluded as it is a
separate component.

Implementation Results

Implementation of the updated Wastewater Masterplitlrresult in the provision of sanitation
services to Addis Ababa in 2020 as presented below.

Population served by sewers 960,000

Population served by septic tanks 1,366,000

Population served by dry pit latrines 1,366,000

Government, Institutional and commercial connected 16,800
Hotels and hospitals connected 175
Main Industries connected 58
Small and medium industries connected 1,250
Total number of connections 145,000
Average sewage flow (Huay) 160,000
Annual septic tank sludge collected and treatedl (m 454,000
Annual dry pit contents collected and disposecd] ( 61,500

With approximately 2000 connections and foul sewiémes of approximately 1,500tday at
present the construction and operation of the mepsewage system will make a considerable
contribution to improving the health and standdrtiving of the population in Addis Ababa.

Urbanisation and Population Development

The main purpose of preparing Masterplans is togoabout a better standard of living, be it in
the economic sector, health sector, or social séotdhe population. The actual population size
of a given urban centre at any time in the futsrefiparamount importance in the preparation
of a Masterplan as well as well during its impleagion.

The official population projections, based upon tesults of the 1994 census have been
prepared by the CSA and became available only 9919

Methodology

In the preparation a Masterplan for a given cityusban centre a major problem is the
delimitation of the city boundaries. Once the bamet of the city are defined, the next step is
to assess and forecast the growth in populatiom ftipulation dynamics). Finally, when the
overall population has been projected, the (intghiatribution of the population within the city
boundaries has to be assessed.

The purpose of a population growth forecasts at lgvel is to anticipate the changes in
population size and characteristics. There are itwean methods of forecasting population
growth.

* Projecting the population using mathematical fuordiapplied to population growth rates,

which are usually calculated, based on histori@.daimong the common mathematical
functions are linear, exponential and logistic timts;

Volume | - Executive Summary 2
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» Cohort component method: This procedure takes amuwount the future effects of the
components of population growth i.e. mortality,tifidy and migration. Based on past
information, assumptions are made about futuredg@mthese components.

The projections made in the context of the 1994 tévester Masterplan Study (MPWFAA), the
Water Supply Stage IlI-A study (AAWSP lIl) and tlhwrban Masterplan used mathematical
functions for the population projections. The MPWAAsed the results of the 1984 census as
their baseline and the AAWSP Il and Urban Mastmplised the results of the 1994 census. In
all cases only one growth scenario was developed.

Comparison of results

The population growth forecasts in the MPWFAA alatively old and are not now considered
reliable. Comparison of the three population growtenarios of the CSA with the single
growth forecasts of the AAWSP Ill and Urban Maskanpshow some alarming differences,
especially at the end of the water supply projemtizion. The projections prepared by the
different studies are shown in Figure 1-1.

As can be seen, comparison of the AAWSP Ill andUhean Masterplan population forecasts
for the year 2010 - 2020, shows a substantial rdiffee even with the high variant of the CSA
projection.

From a demographic point of view, the discrepancguored due to the different methods
employed in the projection. AAWSP IIl and the Urhidiasterplan used mathematical models
with probably exponential functions. This can beserved from Figure 1-1, where the curve
tends to move upwards after a few years. The CSfegtion results seem more plausible as
they are based on assumptions that tried to fordseenpact of the population policy of 1993
and the women policy of 1993.

Population Projections - Addis Ababa (1994 - 2030)

as prepared by various institutions and studies

7000000 P

P

6500000

6000000
'
.

csAigh) | ..o
5500000 > — —
, ~1993ww MP WS Stace It _ .-~

5000000 ~ o
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4500000
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4000000 >

-

T
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Figure 1-1 Population projection Addis Ababa (d#fet studies)
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In Table 1-1 it can be seen that at present aligiii &f the population (1.2 million people) live
in approximately 10% of the urban area. Given #wt that the overall development strategy of
the Urban Masterplan foresees almost zero growtkhénexisting core area, by 2020 the
population living in the city centre will amount &bout 1.3 million people but will then
represent only 32% of the total population of thw.c

In the medium term, the expansion areas immediatetyounding the urban area of Addis
Ababa and Akaki will absorb the population growkkihen they reach their saturation level
(between 100 and 200 persons/ha) the growth wélftawv to the future expansion areas lying
to east, south west and rural Akaki areas. At #sgih horizon of 2020 the predicted population
for Addis Ababa is 4.25 million.

Table 1-1 Population projection per sewer catchment

5 58 58 58 55 55
8 [ |2000 g3 |[2005 g3 |[2010 g3 |[2015 g3 |[2020 §:
£ £ £ £ £ £
g s || Total g = |[Total g = |[Total g = |[Total g = |[Total g
Area (ha)| § > . 5E } 5E } 5T } 5SS ) 5SS
Sewer command area (ha) gZ population 2 = ||population 2 = ||population 2 = ||population 2 = ||population o)
Addis Ababa |[s3915 [ [ 2495000] ][ 2887000 [ 3328000] ][ 3792000 ][ 4246000] |
Kaliti 19,465 | 36% 2,050,790 | 82% 2,247,090 | 78% 2,397,630 | 72% 2,446,290 | 65% 2,478,180 | 58%
442,000 533,220 574,330 584,530 591,600
Ka-A 6,840 927,680 957,320 964,970 960,710 954,050
Ka-A sevice area existing network 165,540 189,430 198,770 200,950 202,560
Ka-B 5,660 880,180 976,120 1,019,090 1,026,890 1,029,800
Ka-B sevice area existing network 276,550 343,790 375,560 383,580 389,040
Ka-C 3,830 201,510 259,750 338,230 360,520 377,640
Ka-D 3,135 41,420 53,900 75,340 98,170 116,690
Bole 16,955 | 31% 242,210 | 10% 309,270 | 11% 461,700 | 14% 719,810 | 19% 995,690 | 23%
Bo-A 7,085 209,030 268,800 335,820 388,190 433,480
Bo-B 5,550 29,060 35,890 89,820 208,820 325,700
Bo-C 1,420 1,500 1,680 15,680 56,740 109,220
Bo-D 2,900 2,620 2,900 20,380 66,060 127,290
Akaki 17,495 | 32% 202,000 | 8% 330,640 | 11% 468,670 | 14% 625,900 | 17% 772,130 | 18%
Ak-A 5,955 42,900 90,880 138,360 185,770 219,450
Ak-B 6,300 129,260 189,360 223,770 251,440 276,580
Ak-C 5,240 29,840 50,400 106,540 188,690 276,100

For definition of service area boundaries see ce@i2.
Water Supply
Addis Ababa has a potable water supply since 1930&. water supply consumption data in

1998 is shown in Table 1-2. It should be noted thatpresent number of customers (2001) is
180,000.

Table 1-2 Water supply customer consumption

Description No. of Total <15m’/ 16-40m/ >40nm’/

connections| consumption month month month
Domestic 102,90( 2,663,800, 1,133,600 660,200 870,000
Industry 1,000 284,300 12,000 12,700 259,600
Others 13,10( 2,303,000 156,600 155,600, 1,990,800
Public fountains 5( 5,000 500 800 3,700
Total 117,050 5,256,100 1,302,700 829,300/ 3,124,100

Volume | - Executive Summary 4
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To assess the future demand for water, the fiet gias to make an assessment of the current
consumption and service levels. The current sttnatan be summarised as follows:

* The current (2000) average domestic consumptioruatado about 22 litres/capita/day.

* People with in-house services (about 4% of the |adion) use on average between 80 and
100 litres/capita per day, while the remaining gapon with access to safe drinking water
(94%) are served by yard connections and use betie@and 30 litres/capita per day.

* Non-domestic use, excluding industrial water ussubstantial and amounts to about 25
litres/capita day.

» The industries use about 7 litres/capita per daytoth about 40% is provided by AAWSA
and the remaining amount is produced by the ingissthemselves (deep wells).

* Actual net demand is estimated as 75 litres/caaita/

* Water sold is on average 52 litres/capita/day

Present water supplies are approximately 180,000ay Following development of the Gerbi
and Sibilu dams and associated treatment plantsptbgected capacity in 2010 will be
approximately 850,000 ffday. This increase in capacity will have a siguwifit affect on the
wastewater generated within the city. Water solidiecast to increase from 125,008/ aay in
2000 to 460,000 fYday in 2020, 80% of which can be expected to betdirged as sullage and
black water.

Sanitation

Sanitation services figures in Addis Ababa are showTable 1-3.

Table 1-3 Distribution of toilet facilities by hoag unit Addis Ababa (1994 CSA)

Type  of Flush Flush Pit Pit No Not Stated
sanitary Toilet Toilet Latrine Latrine sanitary

facility Private Shared Private Shared facility

No. 30,113 14,815 67,895 169,732 89,508 3,679
Percentage 8% 4% 18% 45% 24% 1%

It can be seen that the majority of the populafadidis Ababa use either septic tanks or dry pit
latrines.

Existing Sewer System

The existing sewer system is located in the Kahktichment. The trunk sewers have a total
length of approximately 30 km with approximately @@ of secondary sewers and laterals. The
number of people connected to the existing sewsteryis about 13,000 (see Figure 2-4) with
institutional and commercial connections contribgta further 27,000 p.e.

According to AAWSA records, there are about 180@nsxtions on to the existing sewer

system. As the first sewers were completed in 1882n be seen that the rate of connections is
very low and has not improved since 1993.

Volume | - Executive Summary 5
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AAWSA is trying to improve the sanitation situatidrowever their efforts have been limited by
severe budget constraints. The system of faecalgslwcollection and disposal has been
improved by increasing overall the capacity of gliaollection trucks, construction of sludge
transfer stations and construction of drying bedd aludge lagoons at Kaliti and Kotebe.
AAWSA is also slowly expanding the network of sedary sewer lines in order to give more
people access to the sewerage system.

Waste Water Treatment

The sewage effluent is treated in a waste watatrtrent works at Kaliti, which consist of two
treatment trains each with two facultative and twaturation ponds in series. The existing
recirculation system of the treatment works is ently not in use. The capacity of the treatment
works was quoted in the original design documerit,&80 m3/day with a Biochemical Oxygen
Demand (BOI) load of 3,500 kg/day.

Even though, the design capacity of the works @ualF600m?/d, recent records show that the
average daily dry season flow is 4,500m3/d. Basmea total sewer length of 120km and an
average infiltration rate of 0.25litres/second/kman expected that infiltration is approximately
3,000nt/day. Sewage flows are thus 1,5G0may. The average monthly inflow at the Kaliti
plant is shown in Figure 1-2. This figure givesleac indication that during the rainy season
surface water inflow can double dry season flows.

Kaliti Treatment Plant - Average Daily flow (Sep 19 99 - Sep 2000)
18000 1
16000 1

=l T
- [l | AR N

WVFWnVAf\/\MWWWWWW AR Mt

Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

Flow [m3/day]

2000 1

Month

Figure 1-2 Average daily flows to Kaliti treatmembrks (source : AAWSA)

On-site Sanitation Facilities

The majority of the population of Addis Ababa us@ber septic tanks or dry pit latrines. The
environmental sanitation case study for Addis Abaleaducted in 1997, indicated that about

210,000 people were using septic tanks and 1,46(h@0ple used individual or shared dry pit
latrines.

Volume | - Executive Summary 6
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One of the disadvantages of on-site sanitatiohasémptying of the pit or the tank is required.
This causes problems in the densely populated afeaddis Ababa, as the access to the tanks
or pits is difficult. Following the recommendation$ the 1993 Masterplan, six 3m?3 vacuum
trucks and twelve small portable pumps and tankerg purchased to empty dry pit latrines in
difficult areas. Due to the poor condition of mo$the access tracks, steep gradients and poor
pumping characteristics of the dry pit latrine s, the operation of the portable pumps has
been discontinued. The transfer stations are hemgsed by the 3m3 vacuum trucks.

The sludge of these small trucks is taken to ontefour transfer stations and transferred into
a large truck. The standard procedure to empty kafpine is to add water to the pit and liquefy
the contents to allow them to be pumped. This tiglyefies part of the contents leaving most
solids in the pit.

Sludge disposal

The sludge from the dry pit latrines and the sefatitks is treated in Kaliti and Kotebe. The
sludge drying beds and lagoons in Kaliti are abldréat approximately125,000 md/year of
sludge and consists of 8 drying beds and one slstigage lagoon. The sludge disposal facility
at Kotebe has the capacity to treat approximatély,d00 ms3/year and consists of 20 drying
beds and 10 lagoons.

The sludge lagoons are used in the rainy seasetote sludge until the dry season. From the
sludge lagoons the sludge can be pumped to theglbgds. The sludge cannot be directly used
as a fertilizer for agriculture as it is contamathtvith pathogens and helminth (intestinal worm)

eggs.
Public Health in Addis Ababa

Diseases related to poor sanitation have beenvediatonstant for the last three years in Addis
Ababa. In the past few years an increase in thdence of helminth diseases has been reported.
The level of diseases is highest in the four ma=tsdly populated Kebeles where poor
conditions of sanitation like overflowing toiletsigh sullage flows, decomposing garbage and
the absence or inadequate supply of potable watelatively common. Also the poor level of
nutrition and the low standard of living of the aifitants of these areas increases their
susceptibility to diseases.

As Addis Ababa has a highland climate with modetateperatures and little rainfall outside
the rainy season, the rate of diseases relategioiosanitation is lower than could be expected.

Gender and Development

The total Projected population of Addis Ababa f602 is 2,500,000 of which 1,333,000 are
female, i.e. 52 per cent, compared to 48% male lptipa. Although women form majority of
the population, the isolation of women from allrfar of development and lack of attention to
the gender based roles that people in a commulaty pas been one of the major constraints to
the success of various development programs in SAéddiaba. The provision of adequate
sanitation is of much more importance to women tioamost men.
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EIA for Recent Sanitation Projects

Environmental Impact Assessments (EIA) have beeamedbout for the following:
e Sludge Treatment Facility at Kotebe;

¢ Sludge Treatment Facility at Kaliti;

* Sludge Transfer Stations (4 sites);

* Sludge Collection Equipment (used for collectiorslofdge).

The main environmental issues and proposed mitigatieasures at Kotebe and Kaliti Sludge
Treatment Facilities can be summarised as:

1. Health and Safety
Training and awareness program for workers relatedvandling hazardous materials,
together with the provision of adequate protectie¢hing and medical services.

2. Bad Odours
Creation of a buffer zone between residential aagasdrying beds and lagoons.

3. Contamination of Water Resources
Proper dried sludge disposal at sanitary landféissand disposal of seepage water.

4, Attraction of sitesto birds, wild animals and insects
Proper disposal of dried sludge at sanitary lahsl $ites and management of vegetation to
limit attraction to wildlife.

5. non-aesthetic views
Creation of a buffer zone between residential aagassludge treatment facilities.

6. Impactson Land Value
Minimisation of operation nuisances/improvement operational management and
improvement of landscape and environmental aestheti

7. Bird Srike Hazard

* Kotebe site should be kept as it is now (no hidpigces for birds, no nesting
opportunities, no seeds to feed on);

« dykes to be walked between drying beds or lagoona cegular daily bases to disturb
roosting;

* cut grass and weeds on dykes and slopes to a maxireight of 3 cm;

» cause additional disturbance by the presence efadf grazing animals ;

» patrols around the dykes and drying beds to chaag hirds, on a regular daily basis;

« firing shell crackers, additional use of a shotgorremove individual birds;

* removal of trees and shrubs from around the pag#g beds and sludge lagoons to
an extent of 20 m from all sides, to prevent rowstand nesting by birds of prey,
Herons and Cormorant species;

« clear the sites of all rubbish, originating fronnddie, as it attracts scavenger animals
and birds.

It must be appreciated that both treatment sitedems attractive to bird life than the adjacent
agricultural areas.

Environmental Issues and proposed mitigation measuelated to Sludge Transfer Stations:

* improve the design of the Transfer Stations;

» timely replacement of old hoses and bad conned®agular cleaning of the Transfer Stations
and proper disposal of waste to a storage binispodal;

« planting of trees to improve aesthetics;

« Diversion of area where sludge spills occur tmeagfe tank to be emptied by a vacuum truck
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THE MASTERPLAN

Sludge Collection and Disposal

The collection of sludge from the city is constedrby the following problems:

* Poor access (narrow, steep unpaved roads) forosutticks to reach and empty sludge
from septic tanks and pit latrines.

* Sludge removal is difficult especially from the gny latrines, as the sludge contains a lot of
extraneous matter such as plastic, clothing ettisa solid.

Sludge transfer stations

Due to the Problems in removing sludge from themtyatrines and the difficulty in operating
the small portable pumps the existing transfericstat are operating considerably below
capacity. With the recommended change in strategydfy pit latrine emptying, no further
transfer stations are proposed.

Septic tanks

The present strategy to use vacuum trucks to esggitic tanks is working well at present and
should be continued. The volumes of sludge to ltlected and treated are presented in Figure
2-1. It should be noted that the sludge contairlg 0r5% of solids. This is substantially less
than normal, and is thought to be due to the poasttuction of the septic tanks and soakage
pits. It is recommended that with the introductmnHP vacuum trucks, when the existing
standard vacuum tankers need replacement, AAWSAIgheithdraw from emptying septic
tanks.

Dry Pit Latrines

Emptying of dry pit latrines is however proving rhuaore difficult. Even though the volume
of dry pit latrine sludge transported to Kaliti aidtebe is substantial, much of the volume is
thought to be water added to the pit to enableshigge to be pumped. As the dried excreta in
the pits, especially after a number of years isdstiis procedure is failing to remove a
substantial amount of the sludge. In Figure 2-¢ dfojection of the quantity of dry pit sludge is
shown. Analysis of samples of dry pit latrine gladlischarged from the tankers show that the
sludge contains 95% water (8m? of sludge contamtgs 400 litres of dry pit sludge).

The recommended procedure elsewhere in the wottduse a high performance vacuum truck,
which removes the dry material using air to contley material. The sludge can be moved up
to 100m away using this procedure. The dry materaalld be disposed of to a sanitary landfill.
It is recommended that at least one tanker ishas®ed to ensure that the procedure is
appropriate for use iBthiopia.

In Figure 2-1 is also shown the total wet sludgkinv@ for dry pits and septic tanks, when dry

pit latrines are not emptied using a High Perforoeamacuum truck but using an conventional
vacuum truck and adding water to empty the pitrias.
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Sludge production of Pit Latrine and Septic Tank
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Figure 2-1 projected sludge production of Pit legrand Septic Tank

Figure 2-1 assumes that the sludge collectionieffay ranges from 80% in 2000 to 95% 2020
for pit latrines and 90% in 2000 to 95% in 2020d9eptic tanks.

It can be seen that especially in a wet year thaaty of the treatment works has been reached.
Either an additional sludge treatment works mustdmestricted or alternative sludge disposal
options implemented.

To reduce the amount of septic tank sludge todmdd in the sludge treatment facilities, a pilot

forestry project is recommended. Within this fonggroject, a part of the septic tank sludge

will be used to irrigate Eucalyptus trees. It i®grsed that a concrete header tank, a lined
distribution ditch and a system of earth draingdestructed.

Another recommended pilot project is to inject #eptic tank sludge into the Kaliti sewer
system at a pilot sludge injection point. With ater content of 99.5% the additional sludge
load on the facultative ponds will be negligible.

By implementing both projects, the amount of sludgehe sludge treatment facilities will
significantly be reduced and can be expected nex¢eed the capacity of the existing works.

Sanitary Landfills

The amount of dried sludge from the drying bedssiimated to be about 15,000/year. With
the large increase in sludge from the dry pit fetsi, disposal of the sludge to sanitary landfill
sites at Kaliti and Kotebe will be required.

The recommended sludge disposal scheme using aR¢igbrmance Vacuum trucks is shown
in Figure 2-2.
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Sludge Disposal
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Figure 2-2 proposed Sludge disposal scheme

Assuming that the use of HP vacuum trucks provesessful the recommend implementation
schedule and costs are shown in Table 2-1.

Table 2-1 Estimated costs for HP vacuum trucks

Sludge collection equipment Cost (Birr) Cost (Euro)
1 number HP vacuum trucks as pilot

2002 1,500,000 196,078
11 number HP vacuum trucks

2004 16,500,000 2,157,125
12 number HP vacuum trucks

2014 18,000,000 2,352,941
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2.2 Sanitation

One of the sewer design criteria requested by AAViSHhat where possible the sewer system
is to be a gravity system i.e. no pumping stat@msto be included in the new design. Because
the average altitude in the north of Addis Ababhigher than the average altitude in the south,
this is relatively easily obtained. Inspection loé topographic maps has enabled the area to be
divided into river catchments and sub catchmeiitsese catchments are identical to the sewer
catchments.

The city of Addis Ababa is spread over three maitcltments. Each catchment is separated
from the next by a ridge of high ground. Theseluaients are:

« Kaliti catchment;
+ Eastern catchment;
« Akaki catchment;

These catchments have been subdivided into subroatis that correspond to the service areas
used in the design.

2.2.1 Assumed domestic and non-domestic flows and BOD lds

Domestic:
The domestic connections can be divided in to ezgids and apartment blocks.

Average number of people for one connection:
Residence: 5.6 persons
Apartment blocks: 110 persons (approximately 2drtapents per block)

Also the water consumption differs between peaplad in an apartment and people living in a

residence. Assuming that 80% of the water supplyeoiple connected to the sewer system will
end up in the sewer system, Table 2-2 shows thageelomestic flow in to the sewer system.

Table 2-2 Average domestic flow to sewer

Year| 2000 2005 2010 2015 2020
Residence [litres/capita/day] 74 80 88 96 112
Apartment blocks [litres/capita/day] 64 72 76 84 96

It has been assumed that the average BOD loachatilthange in time and has a value of 45
grammes/capita/day.

Non-Domestic

The flow and BOD load to the WWTW per connectiom fiee non-domestic users will not
change a lot in time, therefore constant loadsflawes for the various non-domestic users were
assumed. The assumptions of these non-domestiat@htlows are shown in Table 2-3.
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Table 2-3 Average non-domestic flow and BOD loatM&/TW

Average flow to sewer

Average BOD load

[m3/connection/day] [kg/connection/day]
Government, Commercial 2 0.55
Hotels, hospitals, etc. 50 9
Main industries 200 450
Medium & small industries 2 1

NEDECO

Note:- The figures above are sector wide averadeesa individual discharges will vary
significantly with major consumers having much faghdischarges and smaller consumers

discharging much less.

Kaliti catchment

For the Kaliti catchment, wastewater quantities tfe three horizons (2005, 2010 and 2020)
have been assessed. The assessments have takaccouot the distribution of the population
over the sewer district, the assumed developmegbohections to the sewer system and the
projected hydraulic and BOD load. A summary of esessment is given in Table 2-4.
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Table 2-4 Summary of future connections and hydrauld BOD loads for the Kaliti catchment
Kaliti Sewer Catchment

year Unit 2000 2005 2010 2015 2020
Population in catchment pers. | 2,050,150] 2,184,750| 2,297,920( 2,408,610( 2,478,670
growth % - 6.6% 5.2% 4.8% 2.9%

Connections to sewer system

Domestic no. 1,839 5,696 14,188 39,246 66,487
Government, Commercial no. 54 2,040 3,190 7,255 9,260
Hotels, hospitals, etc. no. 7 8 15 52 85
Industrial
main industries no. 0 11 16 26 31
medium & small industries no. 4 105 175 360 530
Total 1,904 7,860 17,584 46,939 76,393

Flow into sewer system

Domestic m3/day 886 3,867 9,313 27,921 54,385
Government, Commercial m3/day 243 4,080 6,380 14,510 18,520
Hotels, hospitals, etc. m3/day 490 520 750 2,600 4,250
Industrial
main industries m3/day 0 2,200 3,200 5,200 6,200
medium & small industries m3/day 16 210 350 720 1,060
Total 1,635 10,877 19,993 50,951 84,415

BOD load of sewer system

Domestic kg/day 548 2,262 4,961 13,573 22,754
Government, Commercial kg/day 107 1,122 1,755 3,990 5,093
Hotels, hospitals, etc. kg/day 189 202 210 468 765
Industrial

main industries kg/day 0 4,950 7,200 11,700 13,950

medium & small industries kg/day 4 105 175 360 530
Total 848 8,641 14,301 30,091 43,092
Population Equivalent 18,845] 192,017 | 317,794 ] 668,692 | 957,606

Note: - the 2000 flows and pollutant loads are daseobserved data. The current institutional
and commercial customers are major consumers asddmshave higher flows and pollutant
loads than would be given using the average vatu&able 2-4. The domestic connections also
have much lower flows and pollutant loads than ¢hgigsen in Table 2-2.

The growth of the population in the Kaliti catchrhén relatively small (see Table 2-4). The
strategy therefore focuses on serving the exigtimgulation in the catchment. The strategy is
divided into three stages of construction.

It should be noted that the predicted pollutiordi@heavily dependent on the connection of the

main industries in the catchment, especially betw2895 and 2010, where the pollution load of
the main industries represent over 50% of the total.
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Sage 1l

The existing sewer and treatment system has soare g@pacity, it is therefore possible to
connect a significant amount of people to the sesystem without any major additions to the
main sewer system and no increase in the capaciheiwaste water treatment works.

Emphasis is therefore placed on constructing |lataer lines to enable people to connect
within the service area of the existing sewer systelhis expansion of the number of people
connected to the sewer system will continue umi@ tapacity of the existing wastewater
treatment works is reached. (See Figure 2-3).

Sage 1 works
Construction of laterals and secondary sewersricesan area of 1,448 hectares, the length of
the new sewers will be approximately 37 km.

Sage 2

In stage 2 the service area will be expanded wittadrunk lines will be built and connected to
the existing sewer system. The construction ofrdteewers will continue to enable more
people to connect to the sewer system. The stagevite area has been assessed as that area
that can be connected before the capacity of thsimy trunk sewers is exceeded (see Figure
2-3).

Initially the capacity of Kaliti WWTW will be douleld by the construction of anaerobic ponds
upstream of the existing ponds. With the contineatension of the sewer network, the
capacity of the extended Kaliti wastewater treatmearks will be reached and additional

capacity has to be constructed. As the new slublgeg beds have been constructed in the
space allocated for the works, expansion will d&adit and expensive to expand the Kaliti

WWTW on the existing location, therefore a new WWM™M need to be constructed. The

location of this new WWTW (Akaki Il) will be withirthe Akaki catchment. To connect the

Kaliti catchment to the Akaki Il WWTW, a 7 km lortigunk sewer will need to be constructed.

Sage 2 works

Construction of 40 km trunk sewers within the Katatchment plus the construction of a 7 km
trunk sewer from Kaliti to Akaki 1l. (5.5 km of it sewer will be used as the trunk sewer for
Akaki stage 3 sewerage). Construction of lateaald secondary sewers for an area of 2,470
hectares, the length of the new sewers will be @pprately 86 km. Construction of Akaki Il
WWTW due to flows coming from Kaliti catchment.

Sage 3

In this stage the emphasis will lay on connecting &areas that are further away from the
existing sewer system. These areas are the Megioadip the area up to Hope Enterprise and the
area up to the Embassy of USA. In stage 2 theciigpaf the existing sewer system will have
been reached, so to permit further expansion irstdge 2 service area, the capacity of the stage
2 sewer system will need to be supplemented byritigeflows to the stage 3 sewers (see

).

The stage 3 trunk sewers will need to be builttiedl way from the treatment works to the
above-mentioned areas. The construction of secyprutar lateral sewers will continue.

As the trunk sewers are constructed and flows asmdhe treatment capacity at Akaki Il will
need to be progressively extended.
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Mercato area

According to the Urban Masterplan the Mercato aviisbe completely redeveloped in the near
future. The design of this western sewer line vaisisociated secondary and lateral sewers will
need to be revised and be undertaken once theopeveht proposals are completed.

Sage 3 works

Construction of 62 km trunk sewers. Extension k&l 1| WWTW in phases. Construction of
laterals and secondary sewers for an area of Jiédfares, the length of the new sewers will be
approximately 124 km.

Costs

The costs for the implementation of the proposegesevorks in the Kaliti catchment in stage 1
2 and 3 are tabulated in Table 2-5, Table 2-6 aadleT 2-7 (1 Euro = 7.65 Birr). For the
purpose of this cost estimate wastewater treatosng stabilisation ponds has been assumed.

Table 2-5 Stage 1 sewerage costs in the Kalithca¢nt

Description Estimgted cost Estimated cost
(Birr) (Euro)
Provision of secondary lines & laterals 11,733,071 1,533,748
Rehabilitation of existing siphons 1,770,336 231,416
Rehabilitation of Karamara main line 683,052 89,288
Sanitary Landfill 1,164,000 152,157
Pilot septic tank sludge injection point 240,331 31,416
Mitigation measures for ongoing projects 6,341,[750 828,987
Design and Supervision 7.5% 1,644,948 215,026
Land and property compensation 1,682,000 219,869
Contingency 10% 2,525,959 330,191
Total Stage 1 27,785,546 3,632,098
Table 2-6 Stage 2 sewerage costs in the Kalithca¢nt
Description EstimaFed Estimated
cost (Birr) cost (Euro)

Expansion of Kaliti WWTW by anaerobic ponds 6,98H(7 912,641
Mekanisa Trunk Line and laterals 13,130,712 1,716,438
Rwanda Trunk Line and laterals 1,569,676 205,173
Bole Tele-22 Round Trunk Line and laterals 11,163,3 1,459,786
Lafto Trunk Line and laterals 13,671,308 1,787,099
Meskel Square- Gotera Trunk Line and laterals 12 433 1,691,436
Post office-AAWSA Trunk Line and laterals 6,735,852 880,438
Kaliti Diversion sewer to Akaki Il WWTW 16,085,400 2,102,667
Akaki Il WWTW phase 1 63,831,160 8,343,942
Design and Supervision, 7.5% 10,958,404 1,432,471
Land and property compensation 3,693,000 482,74%
Contingency 10% 16,076,346 2,101,483
Total Stage 2 176,839,809 23,116,315
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Table 2-7 Stage 3 sewerage costs in the Kalithca¢nt

Estimated cost

Estimated cost

Description (Birn) (Euro)

Mercato interceptor and laterals 110,928,255 14,500,426
Ayer Tena Interceptor and laterals 9,264,800 1,211,098
North-eastern interceptor and laterals 59,363)308 7,759,910
Expansion of Akaki Il WWTW all phases 429,000,000 56,078,431
Design and Supervision, 7.5% 45,641,735 5,966,240
Land and property compensation 13,878,750 1,814,216
Contingency 10% 66,807,695 8,733,032

Total Stage 3 734,884,642 96,063,352

The estimated sewerage costs for the implementafistages 1, 2 and 3 in the Kaliti catchment

are 939,500,000 Ethiopian Birr equivalent to 120,800 Euro.

If trickling filters are constructed instead of wewsater stabilisation ponds for the second and

NEDECO

subsequent phases at each works, the capital dbksev@60,000,000 Birr (86,000,000 Euro).
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Figure 2-3 Kaliti catchment stage 1+2
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Figure 2-4 Kaliti catchment stage 3
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Eastern catchment

For the Eastern catchment wastewater quantitiethéothree horizons (2005, 2010 and 2020)
has been assessed. The assessments have takeccmot the distribution of the population
over the sewer district, the assumed developmentoohections to the sewer system, the
projected hydraulic load and BOD load. A summdrthes assessment is given in Table 2-8.

Table 2-8 Summary of future connections and hyiraahd BOD loads for the Eastern
catchment

Eastern Sewer Catchment

vear Unit 2000 2005 2010 2015 2020
Population in catchment pers. 243,020 386,250 561,570 749,820 957,860
growth % - 58.9% 45.4% 33.5% 27.7%

Connections to sewer system

Domestic no. 0 1,973 6,036 16,313 34,625
Government, Commercial no. 0 405 990 2,475 4,335
Hotels, hospitals, etc. no. 0 2 6 35 75
Industrial 0 0 0 0

main industries no. 0 1 2 3 4

medium & small industries no. 0 40 60 135 250
Total 0 2,421 7,094 18,961 39,289

Flow into sewer system

Domestic m3/day 0 1,340 3,958 11,607 28,332
Government, Commercial m3/day 0 810 1,980 4,950 8,670
Hotels, hospitals, etc. m3/day 0 100 300 1,750 3,750
Industrial

main industries m3/day 0 200 400 600 800

medium & small industries m3/day 0 80 120 270 500
Total 0 2,530 6,758 19,177 42,052
BOD load of sewer system
Domestic kg/day 0 784 2,108 5,643 11,854
Government, Commercial kg/day 0 223 545 1,361 2,384
Hotels, hospitals, etc. kg/day 0 18 54 315 675
Industrial

main industries kg/day 0 450 900 1,350 1,800

medium & small industries kg/day 0 40 60 135 250
Total 0 1,515 3,667 8,804 16,964
Population Equivalent 0 33,659 81,4831 195,640 ] 376,969

As there is no sewer system in the Eastern catchrtien starting point of the strategy is to
construct a new wastewater treatment works andrsagem.

As can be seen in Table 2-8 the growth of the pdjmul the Eastern catchment will increase in
20 years by a factor 4.
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Sage 1l
The first action is to construct a treatment works.

Construction of the trunk sewers will start at teatment works and expand upstream together
with the construction of secondary and lateral sew@ enable people to connect to the system
(see Figure 2-6).

Sage 1 works

Construction of 23 km trunk sewers and construotibphase 1 Eastern WWTW. Construction
of laterals and secondary sewers for an area @Dh2ctares, the length of the new sewers will
be approximately 43 km.

Sage 2

To extend the sewer network, new trunk lines waléd to be built. These new sewer lines will
connect to the stage 1 sewer system. Construcfidateral and secondary sewer lines will
continue in this stage (see Figure 2-6).

Stage 2 works
Construction of 19 km trunk sewers. Constructiotatérals and secondary sewers for an area
of 1,592 hectares, the length of the new sewetdbeibpproximately 56 km.

Sage 3

The last development areas will be served by coctsrg new trunk sewers and associated
secondary and lateral sewers. The number of pedpéeto connect to the sewer system will
increase enormously in this stage (see Figure P#8)ing this stage, the treatment works will

need to be progressively extended.

Sage 3 works

Construction of 31 km trunk sewers and extensionEattern WWTW phases 2 and 3.
Construction of laterals and secondary sewers rioaraa of 2,305 hectares, the length of the
new sewers will be approximately 81 km.

Costs

The estimated costs for the implementation of fiop@sed sewer works in stages 1, 2 and 3 for
the Eastern catchment are shown in Table 2-9,.Tahlé and Table 2-11.
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Table 2-9 Stage 1 sewerage costs in the Easterinngant

NEDECO

Description Estimated cost | Estimated cost
(Birr) (Euro)

Construction of treatment works 57,200,000 7,477,124
Building and Miscellaneous works for the WWTW 2,330 312,458
Eastern terminal trunk sewer 12,164,772 1,590,164
CMC interceptor and laterals 19,384,208 2,533,883
ILRI interceptor and laterals 7,344,847 960,111
Kotebe Interceptor and laterals 11,786,451 1,540,713
Ayat Interceptor and laterals 7,341,098 959,621
Construction of Access road & bridges 3,200,000 418,301
Sanitary landfill 1,164,000 152,157
Sludge disposal site (Forestry pilot scheme) 50,00 65,359
HP Vacuum truck 1,500,000 196,078
Laterals excluded by Interbeton 10,850,000 1,418,301
Design and Supervision, 7.5% 10,111,926 1,321,82(
Land and property compensation 2,812,350 367,627
Contingency 10% 14,774,995 1,931,372

Total Stage 1 162,524,947 21,245,091

Table 2-10 Stage 2 sewerage costs in the Eastimoant

Description Estimated cost | Estimated cost
(Birr) (Euro)

Construction of treatment works 57,200,000 7,477,124
CMC interceptor and laterals 4,759,224 622,121
Kotebe Interceptor and laterals 5,234,469 684,244
Gergi interceptor and laterals 11,018,035 1,440,266
East Bole interceptor and laterals 12,889,481 1,684,900
Ayat Interceptor and laterals 19,603,305 2,562,524
Design and Supervision, 7.5% 8,302,839 1,085,338
Land and property compensation 2,671,350 349,196
Contingency 10% 12,167,870 1,590,571

Total Stage 2 133,864,573 17,496,284
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Table 2-11 Stage 3 sewerage costs in the Eastaimoant

NEDECO

Description Estimated cost | Estimated cost
(Birr) (Euro)

Kotebe Interceptor and laterals 889,557 116,282
Gerji interceptor and laterals 14,339,000 1,874,379
East bole interceptor and laterals 14,972,170 1,957,144
Sludge disposal site (Forestry scheme) Phase Il 006080 823,529
Sludge disposal site (Forestry scheme) Phase Il 2005000 810,458
Construction of Access road & Bridge (forestry) 600,000 339,869
Expansion of treatment works 85,800,000 11,215,686
Design and Supervision 7.5% 9,832,555 1,285,301
Land and property compensation 2,921,850 381,9416
Contingency 10% 14,385,513 1,880,459

Total Stage 3 158,240,644 20,685,052

The estimate sewerage costs for the implementaifostages 1, 2 and 3 in the Eastern
catchment are 454,700,000 Birr equivalent to 59@IDEuro.

If trickling filters are constructed instead of wesater stabilisation ponds for the second and
subsequent phases at each works the capital dbsevd70,000,000 Birr (48,000,000 Euro).

23

Volume | - Executive Summary



Wastewater Masterplan NEDECO

Figure 2-5 Kaliti catchment stage 1,2 & 3
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Akaki catchment

For the Akaki catchment, wastewater quantitiestiier three horizons (2005, 2010 and 2020)
have been assessed. The assessments have takeccouot the distribution of the population
over the sewer district, the assumed developmentoohections to the sewer system, the
projected hydraulic load and BOD load. A summartyhig assessment is given in Table 2-12.

Table 2-12 Summary of future connections and hydraand BOD loads for the Akaki
catchment

Akaki Sewer Catchment

vear Unit 2000 2005 2010 2015 2020
Population in catchment pers. 201,830 316,000 468,510 633,570| 809,470
growth % - 56.6% 48.3% 35.2% 27.8%

Connections to sewer system

Domestic no. 0 1,575 5,136 12,284 25,176
Government, Commercial no. 0 320 830 1,855 3,170
Hotels, hospitals, etc. no. 0 0 3 9 15
Industrial 0 0 0 0

main industries no. 0 4 10 17 27

medium & small industries no. 0 4 205 310 470
Total 0 1,903 6,184 14,475 28,858

Flow into sewer system

Domestic m3/day 0 1,079 3,365 8,736 20,578
Government, Commercial m3/day 0 640 1,660 3,710 6,340
Hotels, hospitals, etc. m3/day 0 0 150 450 750
Industrial

main industries m3/day 0 800 2,000 3,400 5,400

medium & small industries m3/day 0 8 410 620 940
Total 0 2,527 7,585 16,916 34,008
BOD load of sewer system
Domestic kg/day 0 632 1,792 4,247 8,609
Government, Commercial kg/day 0 176 457 1,020 1,744
Hotels, hospitals, etc. kg/day 0 0 27 81 135
Industrial

main industries kg/day 0 1,800 4,500 7,650 12,150

medium & small industries kg/day 0 4 205 310 470
Total 0 2,612 6,981 13,308 23,107
Population Equivalent 0 58,040 | 155,130] 295,731 | 513,499

As there is no sewer system in the Akaki catchmém,starting point of the strategy is to
construct a new wastewater treatment works andrsaseem.

As can be seen in Table 2-12 the growth of the labiom in the Akaki catchment will increase
in 20 years by a factor of 4.

The predicted growth in pollution loads is heaulgpendent on the connection of the main
industries. They contribute over 50% of the tot@lBload in the Akaki catchment.
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The Akaki Catchment can be divided into two aréasyer Akaki and Upper Akaki to allow a
gravity flow sewer system in the Akaki area. Theage from the Lower Akaki area will flow
by gravity to the Akaki | treatment works. The seeafrom the Upper Akaki area will
discharge to the Akaki Il treatment works.

Sage 1

The first action is to construct the Akaki | treaimh works. Due to the flows coming from the
Kaliti catchment to the Akaki catchment, the Akdkireatment works will also need to be
constructed.

Construction of the trunk sewers will start at teatment works and expand upstream together
with the construction of secondary and lateral sew@ enable people to connect to the system
(see Figure 2-6).

Sage 1 works

Construction of 13 km trunk sewers and constructtdnphase 1 of Akaki | WWTW.
Construction of laterals and secondary sewers rioaraa of 1,143 hectares, the length of the
new sewers will be approximately 40 km.

Sage 2
The Upper Akaki area will discharge to the Akakirdatment works which will need extension
(in this stage the Akaki Il treatment works willge both Kaliti and Akaki).

To extend the Akaki sewer network, new trunk limgb need to be built. These new sewer
lines will connect to the stage 1 sewer system.s@aation of lateral and secondary sewer lines
will continue in this stage (see Figure 2-6).

Sage? works

Construction of 20 km trunk sewers and constructadnphase 1 of Akaki I WWTW.
Construction of laterals and secondary sewers rioaraa of 1,609 hectares, the length of the
new sewers will be approximately 56 km.

Sage 3

The last development areas will be served by coctstilg new trunk sewers and associated
secondary and lateral sewers. The number of pespte could be connected to the sewer
system will increase enormously in this stage t3gare 2-6). Akaki | WWTW will need to be
progressively expanded to 150,000 p.e. capacity.

Sage 3 works

Construction of trunk 15 km sewers. Extension ofhbékaki | and Akaki 1 WWTW's.
Construction of laterals and secondary sewers rioaraa of 1,506 hectares, the length of the
new sewers will be approximately 53 km.
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Costs

The estimated costs for construction of the progpassver works in stages 1, 2 and 3 for the

Akaki catchment are shown in Table 2-13 , Tablelzidd Table 2-15.

Table 2-13 Stage 1 sewerage costs in the Akakhosnot

NEDECO

Description Estima_ted cost Estimated cost
(Birr) (Euro)
Construction of Akaki 1 WWTW 64,574,746 8,441,143
Akaki main Interceptor and laterals 10,058,264 4,806
Akaki west Interceptor and laterals 11,461,735 8,266
Akaki east interceptor and laterals 3,297,348 423.,0
Design and Supervision, 7.5% 6,704,407 876,393
Land and property compensation 2,070,750 270,686
Contingency 10% 9,816,725 1,283,237
Total Stage 1 107,983,974 14,115,559
Table 2-14 Stage 2 sewerage costs in the Akakhostnot
Description Estimated cost | Estimated cost
(Birr) (Euro)
Expansion of Akaki Il WWTW 57,200,000 7,477,124
Akaki west Interceptor and laterals 13,304,737 1,739,181
Akaki east interceptor and laterals 7,108,655 929,236
Saris Interceptor and laterals 26,510,184 3,465,384
Design and Supervision, 7.5% 7,809,268 1,020,819
Land and property compensation 2,597,500 339,542
Contingency 10% 11,453,034 1,497,129
Total Stage 2 125,983,379 16,468,416
Table 2-15 Stage 3 sewerage costs in the Akakhostnot
Description Estima_ted cost Estimated cost
(Birr) (Euro)
Akaki west interceptor and laterals 4,775,558 624,256
Saris Interceptor and laterals 3,609,009 471,766
Bole Bulbula interceptor and laterals 10,936,892 1,429,594
Expansion of Akaki | WWTW 28,600,000 3,738,562
Expansion of Akaki Il WWTW 143,000,000 18,692,81(Q
Design and Supervision, 7.5% 14,319,072 1,871,774
Land and property compensation 4,730,000 618,301
Contingency 10% 20,997,003 2,744,706
Total Stage 3 230,967,034 30,191,769
Volume | - Executive Summary 27



Wastewater Masterplan NEDECO

The estimated sewerage costs for the implementaifostages 1, 2 and 3 in the Akaki
catchment are 465,700,000 Birr equivalent to 60@IDEuro.

If trickling filters are constructed instead of wesvater stabilisation ponds for the second and
subsequent phases at each works the capital dbbsevd40,000,000 Birr (47,000,000 Euro).
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Figure 2-6 Eastern catchment stage 1, 2 and 3
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Wastewater Treatment
Domestic Wastewater

At the present time the principal sources of doinegastewater are the residential districts and
predominantly public institutional facilities. Othé@nportant sources of wastewater include
commercial facilities and recreation areas.

Domestic sewage flow in residential areas is charsed by very low wastewater discharge
rates with regard to the standard of living of plogulation.

The average water demand for people living in teie housing ranges between 80 and 130
litres per person per day. This depends on thigasian facilities installed and the availability
of storage tanks to overcome shortages in watgulguOn average 80% of the water supply
will be discharged as wastewater.

Wastewater flows from institutional facilities aegsentially domestic in nature. The quantity
produced depends on the type and the size of aadityf

See Section 2.2.1 for assumed flows and pollutadd.
Industrial Wastewater

In contrast to domestic wastewater, where the caitipn, in terms of Biochemical Oxygen
Demand (BOD), nitrogen (N) and phosphorus (P)eisegally known, industrial sewage is very
much dependent on the particular type of industry.

An inventory of the industries was therefore madw anformation collected about the
processes, flow, COD, BOD, N, P, heavy metals,tpkic compounds, temperature, etc. Based
on this information the industrial pollutant loduss been calculated.

AAWSA supplied information concerning water supglie existing industries. Based on this
information the industries with a high water congtion and processes with a high amount or
highly concentrated wastewater discharge wereedsiDetailed information was collected

concerning the water and wastewater situation arabtain an insight in to the future expected
wastewater production.

See Section 2.2.1 for assumed flows and pollutaas.

Forecast to the waste water treatment works

As stated in the previous section, the city of Addbaba will in the future have four waste
water treatment works, one in Kaliti catchment $8rig) one in the Eastern catchment and two

in the Akaki catchment. The flow to the treatmemirks will depend on the connection rate
within the catchment.
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Kalitit WWTW

The existing Kalitt WWTW has a capacity of approately 40,000 population equivalent
(p.e.). The original design states that by usirgycalation, the capacity of the existing ponds
can be increased to 100,000 p.e. Assuming thizotigds correct, by constructing an anaerobic
pond in front of each of the existing trains of genthe capacity of the Kaliti treatment works
can be increased to 180,000 p.e. The originalemader treatment works made provision for
an additional two trains of ponds to be construct&tie space for one train has however been
used to construct the sludge treatment ponds. illtteerefore be difficult to construct an
additional train of ponds in the remaining area.islrecommended that the surplus flow to

Kaliti treatment works be diverted to Akaki Il WWTW

| The analysis to select the most appropriate tra#togion is given below ifiable2-16.

Table2-16 Kaliti catchment — Treatment or diversion dispasaions
Item Option Advantages Disadvantages Risks Assumptions

K1 Increase WWTW Pumping station Increase in power & | Failure of Original design
capacity by using | already constructed| operating costs. pumping station | calculation
recirculation of Increased risk of will overload correct
treated effluent failure WWTW

K2 Increase WWTW Easily constricted in| Skilled operation Failure will Plant is suitable
capacity by available area, will | required overload for type of
installing UASB double capacity of | Medium capital cost.| WWTW sewage
plant upstream WWTW. Increased operating

cost

K3 Increase WWTW Low capital cost. It improperly Ponds not Design loading
capacity by Unskilled operation.| operated odours desludged rates applicable
installing anaerobic| Little increase in could occur. reqularly in Addis Ababa
ponds upstream operating cost. Difficult to locate in

Will double available area
capacity of
WWTW.

K4 Increase WWTW Will add 50% to Difficult to construct | Flooding in river | Original design
capacity by existing capacity as better half of could affect calculations
constructing and with either expansion area taker works correct
additional train of UASB or anaerobic| by new sludge Land available
ponds ponds will add 50%| treatment works

of uprated capacity | No further expansion
possible

K5 Divert flows in Allows for Increased size of Failure of trunk | Trunk sewer will
excess of capacity | unlimited expansion| sewers needed in sewercould operate without
to Akaki Il WWTW | of treatment Akaki catchment pollute river silting at initial

capacity at Akaki Il low flows
Land available
at Akaki ll

K6 Abandon Kaliti Frees up area for Significant additional| Reduction in Land available

WWTW industrial capital cost. flexibility of at Akaki Il
development. Large pond area to betreatment
Reduces number of| infilled.
WWTW

K7 Construct WWTW stays at Increased operating | No experience in Additional land
mechanical plant fof Kaliti. cost. operating available if
increased loads Akaki Il not needed| Mechanical plant mechanical necessary.

for Kaliti plant.

K8 Construct ponds at | Low operating cost | high capital cost land ava#abl

Akaki Il
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The estimated total capital costs to meet the 2i@28ands and the 2020 operating costs of each
of the above options are given in Table 2-17.

Table 2-17 Estimated cost for waste water treatroptibns in Kaliti catchment

Item Option Capital costs Annual operating
(Birr) costs (Birr)
K1 Increase WWTW capacity by using Nil 800,000
recirculation of treated effluent
K2 Increase WWTW capacity by installing 12,000,000 650,00
UASB plant upstream
K3 Increase WWTW capacity by installing 6,6000,000 150,00
anaerobic ponds upstream
K4 Increase WWTW capacity by constructing 30,000,000 75,00
additional train of ponds
K5 D Divert flows in excess of capacity to 20,000,000 100,00
Akaki Il WNVTW
K6 2 Abandon Kaliti WWTW 100,000,000 NA
K7 ¥ Construct mechanical plant for increased 290,000,000 25,000,000
loads
K8? Construct ponds at Akaki Il 350,000,000 3,000,000

1
2)
3)

Trunk sewer cost only (50% of cost should be atied#o Akaki sewerage)
Cost of replacement treatment works at Akaki Il
Additional 700,000 per capacity required to meg2@flows

Due to the higher capital cost of the UASB plan2)khe construction of Anaerobic Ponds (K3)
is recommended.

Due to the difficulty in extending Kaliti (K4) theecommended option is to divert flows to
Akaki Il and build a waste stabilisation pond syste

In the load to and the capacity of the existinditkleeatment works is shown. It can be seen
that in 2005 the maximum capacity of the plant Wil reached if the stage | and Il sewer
construction works are implemented as scheduledtatdhe diversion of flow to the Akaki Il
WWTW should start. The diverted loads will rangenfr 130,000, 480,000 to 780,000 p.e. in
2010, 2015 and 2020 respectively.
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Population served and capacity of Kaliti WWTP
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Figure 2-7 Population served and capacity of KsMtvTW

2.35 Eastern Catchment WWTW
This will be a new works and the analysis to saleetmost appropriate option is given below in
| Table2-18.
Table2-18 Eastern Catchment — Treatment or diversion options
Item Option Advantages Disadvantages Risks Assumptions
E1l WWTW at Stand alone operation. | An additionaWWTW | Lack of trained Land available
Bole Akaki Il plant does not | to operate. Additional | operators
need to be built so early| sludgetreatment
Failure of plant only worksrequired.
affects eastern catchmeptAdditional land
required.
E2 Trunk sewer | Reduces humber of Long trunk sewer Failure of sewer | Sewer line
to Akaki Il WWTW required. line would pollute| feasible along
WWTW Cost oftreatment river river.
worksstill similar. Sewer operates
Failure of Akaki Il without siltation
plant would affect two during early
catchments. years.
High capital cost. Land available
E3 Pumping No additional land High capital and Power or Flows can be
station for required. operating cost of mechanical accurately
East Bole Terminal trunk sewer pumping station failure of predicted.
flows with 3km shorter pumping station. | Land available
works at Failure of rising for pumping
Kotebe. main station

The estimated total capital costs to meet the 2@28ands and the 2020 annual operating costs
of each of the above options is given in Table 2-19
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Table 2-19 Estimated cost for treatment optiornSdstern catchment

ltem Option Capital cost | Annual Operating
(Birr) cost (Birr)
El WWTW in catchment 57,000,000 750,000
g2V Trunk sewer to Akaki Il WWTW 22,000,000 500,000
E3 Pumping station for East Bole flows 66,000,000 1,200,000
with works at Kotebe.

1)

It is recommended that a waste stabilisation porsesn be constructed within the Eastern
Catchment. The option to convey flows to Akakidlriot economic, as the saving in operating

Does not include cost of treatment works at Akakinfe cost as option E1)

cost will not repay the cost of the trunk sewer.

The saving in land purchase cost (approximatelyr Bid Million) does not justify the

construction of a pumping station for the East Bwe/s and keeping the treatment works at
Kotebe.

In Figure 2-8 are the projected flows and the pseplocapacity of the Eastern WWTW shown.
From the figure it can be seen that a capacityo6{do0 p.e. will meet the demand until the year
2012. After this the capacity of the plant will deie be increased to 200,000 p.e., which will be
sufficient until the year 2016. An additional inase of 100,000 p.e. in the year 2016 is

necessary to deal with the 2020 demands.

400,000 7

350,000 |

300,000

Flow and Capacity [population equivalent]

50,000 |

0

250,000

200,000

150,000 7

100,000 7

Flow to and capacity of Eastern WWTP

Lo=t”

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Year

‘ = = = Flow to WWTP stage 1

=="Flow to WWTP stage 2 —=Flow to WWTP stage 3 == = Cap. of WWTP

Figure 2-8 Flow and capacity of Eastern WWTW
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Akaki catchment WWTW
In the Akaki catchment two wastewater treatmentka&owill need to be built. The first
wastewater treatment works to be built will be AkBKThe location of this treatment works is
such that all flow from the Lower Akaki catchmerdncreach it by gravity. However the
available space is limited, therefore it is notgole to expand the works to meet the year 2020
demand. To deal with this demand another locaavailable at Akaki Il, which is located on
the plain at the west side of the little Akaki Rivall flows from the Upper Catchment will
therefore be taken to Akaki Il WWTW. It is therefoproposed that all flows from the upper
catchment be taken to Akaki Il WWTW.
| The analysis to select the most appropriate opgigiven below infable2-20.
Table2-20 Akaki Catchment — Treatment or disposal options
Item Option Advantages Disadvantages Risks Assumptions
Al Construct first | Only oneWWTW Mechanical plant No experience in Land available.
treatment required in Akaki required for p.e. > | operating Mechanical plant
ponds followed | catchment. 150,000. mechanical plant. acceptable.
by mechanical | Gravity flow to Akaki Il still Pollution of well Geotechnical
plantat Akaki | | works required for Kaliti field aquifer conditions ok.
A2 Construct No pumping Two WWTW Pollution of well Geotechnical
Akaki | required. required field aquifer conditions ok.
WWTW for Mechanical plant Higher operational Land at two sites
lower not required. Cost. available.
catchment and | Gravity flow to
Akaki Il for works.
upper
catchment
A3 Construct only | Only one WWTW. | High capital cost of | Pipe bridge across | Geotechnical
Akaki Il No risk of pollution | connecting trunk Akaki river. conditions ok.
WWTW with of well field aquifer | sewer. Deep excavation Land available
gravity sewer Pipe bridge across | across ridge. Plant can be
line Akaki river. Break in sewer line | protected from
connection. Deep excavation pollutes river flooding
across ridge. Part of WWTW in
Pumping Station Lake Aba Samual
required in wet flood plain
season
Ad Construct only | Only one WWTW. | Higher operating Failure of pumping | Geotechnical
Akaki Il No risk of pollution | costs. station pollutes conditions ok.
WWTW with of well field aquifer | Large pumping river. Land available
lower Akaki Lower capital cost | station required. Operation of
pumped to pumping station
WWTW

The total capital costs to meet the predicted 2680and and the 2020 annual operating costs

of these options are giving in Table 2-21.
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Table 2-21 Estimated costs for treatment optiomSkiaki catchment
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Item Option Capital costs Annual operating cost
(Birr) (Birr)

Al Construct first treatment ponds 400,000,000 38,000,000
followed by mechanical plant

A2 Construct Akaki | WWTW for lower 620,000,000 750,000
catchment and Akaki Il for upper
catchment

A3 Construct only Akaki Il WWTW with 720,000,000 1,500,000
gravity sewer line connection.

Ad Construct only Akaki Il WWTW with 629,000,000 22,250,000
lower Akaki pumped to WWTW

With waste stabilisation ponds as treatment warkarn be seen that the most cost effective
option is to construct treatment works at bothAkeki | and Akaki 1l locations.

The following strategy is recommended, first Akdkis built with a capacity of 100,000
population equivalents. In the year 2012 the waevlilisreach its capacity therefore an expansion
of another 50,000 p.e. is necessary. The totaloiigpaf the Akaki | WWTW will be 150,000

p.e.

In Figure 2-9 Projected flows to and the capacitjkaki | WWTW are shown.

Population equivalent
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140,000 1

120,000 1

100,000 1

80,000 1

60,000 7
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Population served and capacity of Akaki | WWTP

0

T T T T T T T T T T T T T T T T T T )
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Year

" ~ " p.e.to WWTP stage 1

p.e. to WWTP stage 2 = p.e. to WWTP stage 3 — ~ Cap. of WWTP

Figure 2-9 Flow and capacity to Akaki | WWTW

The Akaki Il WWTW will serve two catchments, Kali>180,000 p.e.) and the Upper Akaki
area. In Figure 2-10 the projected flows to andpitoposed capacity of the Akaki | WWTW is
shown. In the year, 2004 part of the flows from Kaditi catchment will need to be diverted to
the Akaki Il WWTW.
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From 2004 until 2010 the proposed capacity of tlkakh Il WWTW is 100,000 p.e., in 2008
the capacity will need to be increased up to 30@. In 2012 the capacity will need to be
increased by 300,000 p.e. the capacity will thu6@®&000 p.e. Another increase of the capacity
of 300,000 p.e. will be needed in the year 20T&e capacity of the Akaki Il treatment works
will need to be 1,100,000 p.e. in the year 2019.

Population served and capacity of Akaki Il WWTP (K  aliti > 180.000 p.e. also in catchment)
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900,000 7
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Population equivalent
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" = = p.e.to WWTP stage 1 ™p.e. to WWTP stage 2 = p.e. to WWTP stage 3 = ~ Cap. of WWTP

Figure 2-10 Flow and capacity of Akaki Il WWTW
Descriptions of different waste water treatment pocesses

In the updated Masterplan the following wastewatsatment processes are considered:
* Waste Stabilisation Ponds;

« Conventional Activated Sludge;

« Extended Aeration - Oxidation Ditch;

e Sequencing Batch Reactor;

e Trickling Filter.

and for initial treatment processes:
* Upflow Anaerobic Sludge Blanket (UASB);
* Anaerobic ponds.

Evaluation of different treatment options

A detailed description of each individual treatm@nbcess is included | the main report. A
summary of the advantages and disadvantages forpeacess is given in Table 2-22.
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Table 2-22 Advantages and disadvantages of theithdil treatment processes

Advantages

Disadvantages

Waste stabilisation ponds
negligible energy consumption

requirements

low sludge production

significant bacteriological and Helminth
egg removal

simple operation with low maintenance

h e

large area of land required

possible odour and mosquito problems
algae growth affects effluent quality
medium construction costs

Conventional activated sludge
small land requirement
widely used and proven technology

primary and secondary sedimentation require
skilled operation necessary

large quantity of unstable sludge produced
high proportion of mechanical and electrica
equipment necessary

high energy consumption

additional sludge treatment required

|

Oxidation ditch (Carousel)
small land requirement
robust process and proven technology
relatively simple operation
production of stabilised sludge
nitrogen reduction readily achievable

high proportion of mechanical and electrica
equipment necessary

high energy consumption

medium construction cost

secondary sludge treatment required

|

Sequencing batch reactor (SBR)
small land requirement
proven technology
relatively simple operation
production of stabilised sludge
nitrogen reduction readily achievable
moderate investment

high proportion of mechanical and electrica
equipment necessary

high energy consumption

medium construction cost

skilled operation needed

|

Trickling filter
low energy consumption
relatively low mechanical and electrica
equipment
simple operation
Moderate land requirement

relatively large quantity of unstable sludg
produced

additional sludge treatment required

possible odour and fly problem

poor effluent quality concerning nitrification
Primary and secondary sedimentation require

11°

Upflow anaerobic sludge blanket (UASB)
small land area required
generation of methane gas suitable f
energy production
low volume of stabilised sludge
relatively low investment

limited experience with this process fo
treating domestic wastewater

high ambient temperature required
secondary treatment required after reactor
achieve effluent standard

skilled operation required

medium energy consumption

I

to

Anaerobic pond
negligible energy consumption

requirements
low sludge production

simple operation with low maintenance

low construction cost

medium land requirement
possible odour problems
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Recommendations for WWTW

Of the five treatment processes considered abbee;dnventional activated sludge process and
sequencing batch reactor both have a high energguoaption, have a high proportion of
mechanical and electrical equipment and need dkdlgeration. For these reasons these two
processes are not considered suitable for usehingia.

The remaining three treatment processes have loe@mcially compared in Section 3.4 and it
can be seen that the trickling filter treatmentcpss has the lowest capital cost and the waste
stabilisation pond treatment ponds has the lowpstating cost. The waste stabilisation pond
treatment process is more robust i.e. has a widieraince to variation in the incoming hydraulic
and pollutant load than the trickling filter treant process and is therefore more suitable for
the phase | treatment works. Following constructd the phase | works, the effluent quality
and quantity can be measured and the construcfitmckling filters considered for phase II.
The waste stabilisation ponds are also much mdegatat of low flows and pollutant loads
allowing for a slower than anticipated connectiateras observed at Kaliti.

The carousel plant with a high capital and runmosgt is not considered suitable at the present
time.

The recommended option for the first phase of Akakikaki Il and the Eastern catchment is to
construct waste stabilisation pond systems at leaction.

Ranking of Components

The outline design of the sewers showed where sewere required to serve the anticipated
populations. These sewers were then classifiediméz stages:

» Stage 1 trunk sewers which must be constructet ifgs trunk sewers upstream of the
treatment works.

» Stage 2 trunk sewers which must connect to a stagewer and have stage 3 sewers
upstream

« Stage 3 trunk sewers at the head of the system.

The trunk sewers were then prioritised to assisketermining a preferred order of construction.

To assist in this process, each trunk sewer wasdaasing the following system (see Table
2-23).
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Table 2-23 Breakdown of Scores for Prioritising $ephasing

Description Points Remarks
1 Cost Per capita Connected 30
1.1 Upto2005 O0to1000 20-0 pts 40 Hame2005 population
1.2 Upto2020 0to1000 10-0pts 10 dBasn 2020 population
2 Expected Type of Catchment Development 25
2.1 Industrial / Commercial 10| Based on expecte@m@insumption
2.2 High standard Domestic 1Q In-house connections
23 Medium standard Domestic 5 In-house connections
2.4 Low standard Domestic 0 Either none or yarchestions
3 Environmental Impact 25
3.1 In area vulnerable to GW pollution %  Thickneéampermeable clay
3.2 Area causing SW pollution 5 Impermeable soils
3.3 Located within the well field protection zone HProximity to well field & GW flow path
34 Non-effectiveness of on-site sanitation 10 Imp=ability of soll
4 Infrastructure support 20
4.1 Provision of Sewers before extensive developmen 10 |Extent of development in plann
extension area
4.2 Certainty of WS & Integrated development 1@reas where extension of water suf
and integrated development planned
Total 100

Based on the scores a preferred order of consiruetas developed in each catchment (noting
that a stage 2 sewer must connect to a stage I aede stage 3 sewer to a stage 2 sewer).

Kaliti

Based on the scoring outlined above, the intergastin Kaliti catchment are shown in Table
2-24. It is proposed that the stage Il works bé& spito major interventions item K 1 to K8 as
the first intervention and K 9 to K11, K16 and K4§ the second intervention. Outside the 35m
Euro budget are the stage Ill items K12 to K14 Kdd. Note that the expansion of Akaki Il
WWTW would be in stages following observed demand.
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Table 2-24 Kaliti catchment implementation priority
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Kaliti
K1 Provision of Secondary Lines & Laterals for (I 60,0001 15,696,625 262 63 1| 15,696,625 2,051,846
connections
K2 K3 K4 Sewer rehabilitation, sludge disposal and |l 4,589,803 n/al 2| 20,286,427 2,651,821
pilot sludae iniection
Mitigation measures for ongoina projiects  [n/a 7,499,119 n/a n/al n/a|] 27,785,547 3,632,098
K5 Expansion of Kaliti Treatment Plant using (Il 100,000 8,255,865 83| n/al 3| 36,041,412 4,711,296
Anaerobic ponds
K6 Mekanisa/Old Airport I 45,000 16,090,816 358, 62| 4| 52,132,228 6,814,670
K8 Bole Tele-22 Round 1l 46.000| 13.464.677| 293 59| 5[ 65.596.905] 8.574.759
K7 Rwanda 1l 9,000 1,916,799 213 58 6| 67,513,704 8,825,321
K17 Construction Akaki Il phase 1 WWTP I 100.000] 63,831,160 638 n/al 7| 131,344,864 17,169,263
K16 Construction of Kaliti to Akaki Trunk sewer |lI 19,477,486 n/al 8 150,822,349] 19,715,340
K9 Lafto 1l 60.750] 16,737,167 276 57 9| 167,559,516/ 21,903,205
K10 Meskel Sauare- Gotera 1l 33.750] 15.703.099 465 54 10| 183.262.615| 23.955.897|
K11 Post office-AAWSA 1l 20,250 8,173,554 404 52| 11] 191,436,169 25,024,336
K15 Akaki Il expansion 1 770.000] 518.842.500 674 n/al 12| 710.278.669| 92.846.885)
K13 Aver Tena Interceptor 1 64,2001 11,249,444 175] 45 13| 721,528,113 94,317,400
K14 North-eastern interceptor and laterals 1} 313,000 71,390.336 228 45| 14 792,918,449] 103.649.471
K12 Merkato interceptor and laterals 1] 395,000 133,402,362 338 44 15[ 926,320.811] 121.087.688

Eastern catchment
Based on the scoring outlined above, the intergastproposed in the eastern catchment area
are shown in Table 2-25.

The majority of the stage 1 works in this catchnieate been excluded from the interventions
outlined in this Masterplan as it is hoped thatwueks will be funded by another donor. The
excluded works included the wastewater treatmemksvand most of the stage 1 trunk sewers.

It is proposed that the current intervention ben#eE8 to E10, E13 and E17, the stage Il trunk
sewers and the secondary sewers and laterals eddam the other intervention.

Items E6, E7, E14, E15, E18 and E19 are outsideeoproposed intervention. The expansion

of the treatment works would depend on the obsefleeds and pollutant loads observed within
the catchment.
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Table 2-25 Eastern catchment implementation pyiorit
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Eastern Proposed Interbeton Intervention
E16 Preparation sanitary landfill, access road || 7,525,430 n/a 1 7,525,430 983,716
and bridges, forestry pilot project and
purchase 1 HP vacuum truck
El Construction of treatment plant Staae 1 | 100.000] 72.005.530 572 n/a 2| 79.530.960 10.396.204
E2 Eastern terminal trunk sewer | 208,500 14,704,942 112 62 3| 94,235,902 12,318,419
E4 ILRI interceptor and Laterals | 23,000 8,878,551 342 61 5| 103,114,453 13,479,013
ES5 Kotebe Interceptor and laterals | 30.500] 14.247.624 403 56 6| 117.362.077| 15.341.448|
E3 CMC interceptor and laterals | 26,500] 23,431,896 578 57 9| 140,793,973| 18,404,441
Eastern
E17 Laterals excluded by Interbeton | 80,0001 12,830,125 228 153,624,098| 20,081,581
El11 East Bole interceptor and laterals ] 42,0001 15,507,737 228 62 4| 169,131,835| 22,108,737
E10 Gerai interceptor and laterals 1l 35.000] 13.318.126 275 59 6| 182.449.960| 23.849.668|
E9 Kotebe Interceptor and laterals 1l 21,000 6,298,220 420 59 10| 188,748,180 24,672,965
E13 Kotebe Interceptor and laterals 1} 6.000 1,077,531 228 60 11| 189,825,711| 24,813,818
E8 CMC interceptor and laterals ] 12.000 5,775,018 474 55 12| 195.600.729| 25.568.723]
E7 Construction of treatment plant 2nd Stage |l 100,000] 69,179,000 572 n/a 8| 264,779,729 34,611,729
E15 East Bole interceptor and laterals 1 22.000] 18.153.281 681 55 13| 282.933.010( 36.984.707
E14 Gerai interceptor and laterals 1} 28,500| 17.385,583 503 53 14| 300,318,593| 39,257,332
E6 Avat interceptor and laterals | 2,000 8,900,849 946 48 15| 309.219.441| 40,420,842
E12 Avat interceptor and laterals Il 22.000] 23.768.473 1.080 15| 332.987.914 43.527.832
E18 Extension of Forest by 125 ha 1 17,855,750 n/a n/a 17| 350,843,664 45.861.917|
E19 Expansion of WWTW 3rd stage 11} 150,000] 103,768,500 692 18| 454,612,164 59,426,427
Akaki

Based on the scoring outlined above and the syraked the Akaki catchment is served by two
treatment works, the sewer interventions propogeitié Akaki catchment are shown in Table

2-26.

Initially work will be concentrated in the lower Aki catchment where the current intervention

will undertake items Al, A2 and A4. The sewerafi¢he upper catchment items A3, A5 to

A13 would be outside the current intervention.

depend on flows and pollutant loads observed wittencatchments.
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Table 2-26 Akaki catchment implementation priority
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Akaki
Al Construction of Akaki | WWTP | 100,000] 77,899,636 779 n/a 1| 77,899,636 10,182,959
A2 Akaki main interceptor and laterals | 118.000] 12.206.848 103 62 2| 90.106.484| 11.778.625]
Ad Akaki east interceptor and laterals | 52,500 4,024,239 7 55 3| 94,130,723 12,304,670
A5 Construction of Akaki Il WWTP Phase 2 Il 100,000] 69,179,000 692 n/a 4| 163,309,723 21.347.676|
A8 Saris interceptor and laterals Il 119,000 32,082,543 270 53 5| 195,392,266| 25,541,473
All Saris Interceptor and laterals 1} 23,800 4,376,554 184 55 6| 199,768,819 26.113.571]
A7 Akaki east interceptor and laterals Il 31,000 8,620,485 278 52 7| 208,389,304 27,240,432
A3 Akaki west interceptor and laterals | 39.500] 13.853.251 351 49 8| 222242555 29.051.314
Al2 Expansion of Akaki | WWTP 1} 50,000] 34,589,500 692 n/a 9| 256,832,055 33,572,818
A6 Akaki west interceptor and laterals Il 91,000| 16,101,351 177 54 10| 272,933,406 35.677.569
A9 Construction of Akaki Il WWTP next phase |lI 250,000] 172,947,500 692 n/a 11| 445,880,906 58.285.086)
Al0 Akaki west interceptor and laterals 1} 9.600 5,791,197 603 50 12| 451,672,104 59,042,105
Al13 Bole Bulbula interceptor and laterals I} 35.600] 13,262,284 373 46 13| 464.934.388] 60.775.737]

2.4.1 Possible implementation schedule
Based on the implementation priorities and on #gpirements for wastewater treatment the

following implementation and expenditure scheduiase been prepared. See Table 2-27 and
Table 2-28.
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Table 2-27 Implementation schedule

Volume | - Executive Summary 44



Wastewater Masterplan NEDECO

Table 2-28 Yearly expenditure schedule
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Environmental Screening
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The proposed interventions have been assessetkefoenvironmental impacts and allocated as
categories A, B and C in conformity with the EUdglines. See Tables 2-28 up to 2-31.

Table 2-29 Proposed interventions and recommendmitoamental studies; Kaliti sewer

District
Recommended
Proposed Project Location Description of Works Environmental
Study
Provision of secondary | all along the existing Kaliti provision of PVC pipes of diameter
lines & laterals for house| sewer truck lines 150 and 200mm including 150mm Y| A
connection connections for house connection
Improvement work at at Bole Karamara Hotel upgrading the existing 300ahen
Karamara Hotel and Bolg pipe to a 400mm diameter pipe A
interceptor
Rehabilitation of existing raising of manholes, provision of
sewer lines overflows, inspection and A
disconnecting of storm water
intrusion points
Access road between sludge drying bed tayravel road about 0.5 km A
disposal site
Sanitary land fill site within Kaliti Wastewater disposal site for dried sludge C
treatment site
Existing pond de- Kaliti treatment works de-sludging of facultativeryuls and B
sludging and related maintenance works
maintenance
Septic tank sludge selected location on the protected compound with discharge C
injection point existing sewer line to sewer
Expansion of Kaliti within Kaliti treatment works | Construct anaerobic ponds upstream
treatment plant,” stage | compound of existing facultative ponds. C
Expansion of trunk Kaliti Catchment provision of 200 — 1200mm sewers,
sewers, secondary lines including 150mm Y fitting for house B
and laterals connection
Storm water overflows Kaliti catchment Provistordivert flood flows to B
rivers
Ayer Tena interceptor Ayer Tena 300mm trunk sewer, river crossing (B)
secondary sewers and
laterals
North-East interceptor North-East Addis Ababa, 300-100mm trunk sewer, river ©
secondary sewers and | Saris crossings
laterals
Mercato interceptor Mercato 300-1000mm trunk sewer, river (C)

secondary sewers and

laterals

crossings

~0O ® >
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Project: no Environmental Impact Assessmentiregu
Project: Environmental Management and Monitorieguired; mitigation measures to be formulated

Project: Environmental Impact Assessment required
) Not in current project
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Table 2-30 Proposed interventions and recommendetdoamental studies; Eastern Sewer

District
Proposed Project Location Description of Works Recommended
Environmental Study
Preparation of sanitary land fil] Kotebe disposal site for dried sludge C
site
Construction of treatment plant, Eastern WWTW for 100,000 p.e.
1st phase, C
Main trunk sewer, secondary | Eastern approx. 6 km trunk sewer has to be
Sewer and laterals, laid before connecting this interceptpr B
CMC interceptor
Main trunk sewer, secondary | Eastern dia. 300mm trunk sewer, river
Sewer and laterals, ILRI crossings B
Interceptor
Main trunk sewer, secondary | Kotobe dia. 600 & 400mm trunk sewer ,river
Sewer and laterals, crossings
Kotebe interceptor
Eastern terminal trunk sewer Eastern 6km trunkesew B
Gergi interceptor, secondary 400 and 600m trunk sewer, river B
sewers and laterals crossings
Expansion of treatment plant, | Eastern WWTW for 150,000 p.e. ©)
2nd and % phases
Ayat interceptor secondary Eastern 300-600mm trunk sewer (B)
sewers and laterals
Pilot forestry project Kotebe treatment | Sludge disposal on forest land ©
works

~0O o>

) Not in current project

Project: no Environmental Impact Assessmentiregu
Project: Environmental Management and Monitorieguired; mitigation measures to be formulated
Project: Environmental Impact Assessment required

Table 2-31 Proposed interventions and recommendwitoemental studies; Akaki sewer

District
Proposed Project Location Description of Works Recommended
Environmental Study
Construction of access road Akaki | WWTW | gravel access road for the B
to Akaki | WWTW construction of the WWTW
Construction of  Akaki || upstream of Lakg Stabilisation ponds to treat 100,000 C
WWTW phase | Aba Samuel p.e.
Akaki main interceptor, Akakitown dia. 800,600 & 400mm trunk ling,
secondary sewers and laterals 150-300mm secondary sewers and B
laterals, river crossings
Akaki east interceptor, Western Akaki dia. 600 ,500 & 400mm trunk line, B
Secondary  sewers arjdarea 150-300mm secondary sewers and
laterals laterals and river crossings
Construction of access rogdAkaki Il WWTW | Gravel access road for the B
to Akaki Il WWTW construction of the WWTW
Construction of Akaki Il| North of lake Abg  Stabiligan ponds to treat 100,000 C

Volume | - Executive Summary

47




Wastewater Masterplan NEDECO
Proposed Project Location Description of Works Recommended
Environmental Study

WWTW phase | Samuel p.e.

Expansion of Akaki Il| North of lake Aba| Expansion of WWTW to treaf ©

WWTW further phases Samuel 1,000,000 p.e.

Saris interceptor secondafy (B)
300-400mm trunk sewer

sewers and laterals

Akaki  west intercepto (B)

secondary sewers and lateralé\kaki town 300-400mm trunk sewer

Expansion of Akaki || Upstream of lake | Expansion of WWTW by 50,000pe ©

WWTW Aba Samuel

Bole Bulbula intercepto (C)

secondary sewer andBole Bulbula 300-400mm trunk sewer

treatments.

A Project: no Environmental Impact Assessmentiregu

B Project: Environmental Management and Monitoreguired; mitigation measures to be formulated

C Project: Environmental Impact Assessment required

() Not in current project

Table 2-32 Proposed interventions and recommenaddo@amental studies; various projects

Proposed Project Location Description of Works Recommended
Environmental Study
Forestry development Kotebe Plot forestry projectsfudge disposal (©)
Sludge collection equipment  Various high powerwan trucks A
Storm water overflow Various in provision of station overflows to spill B
Kaliti flood flows to river

A Project: no Environmental Impact Assessmentiregqu
B Project: Environmental Management and Monitoreguired; mitigation measures to be formulated
C Project: Environmental Impact Assessment required
© Project not in current project
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FINANCIAL AND ECONOMIC ANALYSIS

Introduction

In accordance with the TOR for the Masterplan,gie@posed interventions were subjected to a
full financial and economic analysis.

The analyses comprise:
» financial cash flow analysis favith / without project cases / individual catchments;
» economic cash flow analysis ferth / without project cases / individual catchments;
* NPV/IRR for financial / economic analyses for fireject / catchments;
» a provisional project funding for the project /atanents;
e sensitivity tests for key cost and revenue pararsgte
» intangible costs and benefits on health, enviroriraad real estate development.

Scenario definitions

with project scenarios

The Masterplan contains a number of (sub) compenémat will be implemented. The
components of the Masterplan to be implementedtheid phasing are described in technical
detail in sections 3 and 4 and in financial detaithe subsequent subsections of this Section.
Included in thewith project case are the necessary changes in theofuseanpower,
commodities, repair and maintenance etc. Three bash case scenarios have been identified
(see section 1.3.2) reflecting different techniogtions each providing the same sewerage
service level. First, the feasibility of theseheical options (scenarios 1-3) is tested, after
which the preferred option is treated in furthetade The preferred option is referred to as the
with case and is compared to tlhout case.

without project scenario
The without scenario comprises more than “do nothing”. It press a “continue the present
situation and trends with only a number of esskrgalacements taking place”, i.e.:

* Avery limited coverage of customers for seweragewing at a slow pace (0.5% p.a.);

» The sewer network / sludge collection as at preseptir / replacement of assets upon
breakdown and gradual / limited deterioration avees due to the general ageing of
assets;

* As a consequence of the preceding item, operatipgreses are expected to rise in
order to maintain service at present levels.

For both thewith andwithout scenarios, the present study concentrates on sgevaral sludge
collection activities only. Water supply systemewpde an upper limit to these activities.

Financial analysis

Project investment options - Comparison of treatmentypes

Three general types of wastewater treatment waake been mutually compared to see which
IS most economical. These include stabilisationdgorcarrousels and trickling filter types.
Units that serve identical quantities of 100,000spe equivalents have been compared over a
20 year period. Figure 3.1 shows how the discourtests compare for total costs, for
investments only and for all operation and mainteeeacosts.
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Discounted costs for 100,000 p.e. WWTP's over 20y rs at 10%
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Costs in min ETB

20

10 1

Waste Stabilization Ponds Carrousel Trickling filter

‘m all costs ®runnig costs only Binvestment cost only ‘

Figure 3.1 Discounted costs (ETB M) for 100,000 pV&VTW's 20 yrs, 10%

The graph clearly shows that a trickling filter g@dn is most economical WWTW when both
capital and running costs are taken in to accoard gesult of the he reduced level of capital
costs. Stabilisation ponds have by far the lowashing cost.

The justification for selecting stabilisation pondgher than the trickling filter are given in
Section 4 but can be summarised as:

The waste stabilisation treatment process is theemmobust i.e. has a wider tolerance to
variation in the incoming hydraulic and pollutanad than the mechanical plants and is thus
more suitable for the phase 1 plants. A significadditional advantage is that the ponds
produce a high quality effluent with low levels pdthogenic micro-organisms. Effluent from
the mechanical plant would require additional tresit to meet the discharge standards for
inland waterways.

Project investment options - Main project scenarios

A broad financial analysis has been prepared gegirdevel for three main scenarios each
providing the same service level to determine wiaption will be worked out in detail to be
compared to theithout scenario.

The threewith scenarios (1-3) are compared to each other atiteteithout scenario (scenario

0) from a costing point of view: investments in namd existing assets, as well as, incremental
working capital and operating costs. The analgsizxentrates on the comparison of costs since
profits are assumed to be equal tovath scenarios due to equal service levels providedrunde
these scenarios. Based on the technical optiorsemied before three scenarios have been
selected for further analysis:
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=

Provision of a sewerage system using waste statdis ponds for treatment

Provision of a sewerage system using mechanicat fGaarrousels and UASBS)

3. Provision of a sewerage system with the Easterchoant diverted to Akaki WWTW
via a new trunk sewer.

N

Table 3-1 shows the relevant cost details of thenacos. It shows that scenario 2 has
investments requirements that are about 25% lokaar the other twavith case scenarios. At
the same time scenario 2 is characterised by migttehoperating costs and hence working
capital requirements than scenarios 1 and 3.

Table 3-1 Investment and operating costs comparaagoroject options (2001 — 2020, ETB
millions)

.| Investment Replacements Working | Operating | NPV of all
Scenario — -} 2) 3)
new assets New assets  Existing| capital cost/yr costs
0 0.0 0.0 19.0 0.0 26.8 155
1 1,829.8 0.0 22.8 2.6 33.8 676
2 1,373.9 525 22.8 34.0 186.6 931
3 1,849.8 0.0 22.8 2.6 33.9 691

Note: 1) Incremental working capital requiremerds the whole period only; 2) for 2020; 3)
NPV at a discount rate of 10%.

Taking all costs in to account scenario 1 is measible: NPV is ETB 676 million, 27% lower
than #2 and marginally lower than #3. Scenari@a® by far the lowest costs NPV, only 23% of
scenario 1. However, this NPV corresponds to aidenable lower service level. Scenario 1 is
hence the preferred scenanidth case) and is worked out in detailed comparison sédmario

0 (without case).

Project capital investments

The with case is characterised by a prolonged period ofyha@axestments. A summary for
project investments is presented in Table 3-2. e shows investments by catchment,
contingencies are included at 10%. The foreigrharge component is 42%. For thighout
case no investment programme is envisaged thatledll to the extension of AAWSA's
sanitation operations.

Table 3-2 Project investment summasjth case (ETB millions)

ltem Eastern Akaki Kaliti Project
Sewer network 169.1 100.3 304.0 573.3
Treatment workg 22217 284.4 514.1 1,021.2
Sludge” 64.7° 0.0 4.2 68.9
Total 456.5 384.7 822.2 1,663.4
Contingencied 45.6 38.5 82.2 166.3
Grand total 502.1 423.2 904.5 1,829.8

Note: 1) collection, treatment and disposal; 2) 18%all HPVs are included under Eastern to
simplify the analysis. Figures may not add up duetinding.
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In thewith case only the HPV trucks will be replaced onceoteeR020. They are included in

the Eastern catchment, but to be used in Akakikaldi as well. The remaining asset value at
the end of the projection period is recovered tghotesidual values: ETB 1,384 million (EUR

180.9 million) for thewith case and ETB 48 million (EUR 6.3 million) for tixghout case.

Replacement of existing assets is based on thericet purchase value at project start and the

percentage that will have to be replaced every.yBarcentages of average annual replacement
reflect asset life. In general replacement oftexgsassets is expected to be 25% higher for the
with case as compared to twehout case.

The replacement of “sludge works-fleet items” ig f zero as in bottith andwithout cases
AAWSA is expected to let the collection of wet ghedby vacuum trucks be handled by the
private sector. Based on these assumptions, mplm of existing assets is expected to
amount to fixed amounts of ETB 1.2 million (EUR ®.fillion) per annum for thaith and
ETB 1.0 million (EUR 0.13 million) per annum forelhwithout project case throughout the
projection period for AAWSA'’s sanitation activitiegsee financial and economic annex Table
E3 for all scenarios and all catchments). Fundihghe replacement of existing assets is
assumed to be arranged for by AAWSA. The foreigchexge component for replacement of
fixed assets is estimated at 36-37% for both cases.

The amount fixed in working capital is determinddotigh the level of operations. The
incremental changes are included in the cash flewinaestments. The residual value is
included as a cash inflow in the feasibility an&ysThe starting working capital for existing
operations is based on the audited annual repndsdsainitially the same for both cases: 511
days of operating costs, or ETB 13.8 million (EURQLmillion), sanitation activities only. It is
expected to be gradually reduced from 511 daystdagys of operating cost by 2007 for the
with projectcase (ETB 8.2 million or EUR 1.07 million by 2020jor thewithout case working
capital requirements are expected to remain aptbgent level (511 days). This is expected to
result in a slight net reduction of working capitaler time to ETB 7.6 million (EUR 0.99
million). Details of working capital requiremendse included in the financial and economic
annex Tables F1 and F2 for all scenarios and adhozents.

Sludge collection costs and revenues

Sludge collection costs by methods

Costs of sludge collection by high pressure vactueks (HPV) and ordinary vacuum tankers
(VAC) have been analysed. The average age of ¢h&cle and whether or not the cost of
capital is included determines cost levels. Cosep were calculated for fairly new, used and
old trucks. Cost prices per trip for age groups sirewn in Table 3-3 (see the financial and
economic annex for details).
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Table 3-3 Sludge collection by 12 m3 HPV or 8 m¥wan truck, cost price comparison
(ETB/trip)

Truck type Inc_l. [ excl. |Fairly new truck | Used truck Old truck
capital costs (0—-10yrs) (5 -15yrs) (10 — 20 yrs)
12 m3 HPV Including 263 222 189
Excluding 134 135 138
8 m3 vacuum truckincluding 181 169 153
Excluding 100 111 122

Cost prices including the effect of aging, becomilogver over time mainly because
depreciation and calculated interest are redu€ed.a fairly new truck depreciation and interest
charges compose 45-50% of the costs, for an obl this is 21-27%.

A charge of ETB 49 (EUR 6.40) per trip, as prevagjliwould cover the costs of fuel and crew
only, which is not a sustainable provision of segvi Not increasing collection fares would not
only mean that provision through new vehicles welcome erratic within years, but also that
the private companies providing the same serviedaced to cannibalise their vehicles and in
the medium term withdraw from the business. Thisil¥ leave the clients as the main losers.
Based on above calculations a tariff of at leasB Bb5 (EUR 20.25), but preferably ETB 170
(EUR 22.25) seems necessary for septic tanks derdo operate from a going concern point of
view. HPV’s incur even more costs and at the same serve people that are poorer. A tariff
subsidy will be required.

Furthermore it is noted that in an economic analitsmakes no difference whether trucks are
bought, donated or acquired otherwise, capitalschatve to be included in the cost price at all
times.

A cost price based on a used truck including thetscof capital employed, i.e. ETB 169/trip
(EUR 22.10), seems the most reasonable starting fmi determining collection tariffs in the
long run. Taking this tariff as starting point, éferentiation according to consumer categories
is possible. In this way, ‘poor’ clients couldlispay (much) less than what institutions would
pay for the same service.

Sludge collection costs and revenues for projectesgarios

In the C-section Tables (all scenarios all catchs)enf the financial and economic annex
sludge collection costs and revenues are treatetktal. It has been assumed that AAWSA
will not replace its VAC fleet and leave collectitm others \{ith and without cases). For
collection by HPV trucks the situation is the otlveay around: only AAWSA acquires a
number of HPVsWith cases only).

The number of people using pit latrines (PL) ortsefanks (ST) determines the quantity of
sludge produced. PLs are assumed equaliih / without scenarios. STs vary by case:
households that remain unconnected to the sewtsnsya thewithout case as compared to the
with case use STs (see financial and economic anndgsi@b and C6 for all scenarios and all
catchments). The number of STs and PLs to be ethpeh year are shown in Table 3-4
(financial and economic annex Table C19).
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Table 3-4 Septic tanks and pit latrines emptiedyeyear (vith / without case, thousands/year)

Tank/pit 2001 2005 2010 2020
with/without | with/without | with/without | with/without
Septic tanks 13.1/13.1 23.1/25.7 35.5/42.6 59.8 /99,7
Pit latrine / vacuum truck | 34.2/34.2 14.0/ 36.5 20.9/37.9 2.0/324
Pit latrine / HPV 0/0 5.6/0.0 43/0.0 8.400
Total 47.3147.3 42.7162.2 60.7 / 80.6 70.142.03

Note: Figures may not add up due to rounding.

Truck trips by type evolves as in Table 3-5. Tremexpansion of the HPV fleet is planned for
2014. Total number of trucks operated by 202Xseeted to be about 200 for thwthout case
(almost all 6-8 MVACs) and 112 for theith case (18 HPVs, the remainder 6-8 ACS).
Fleet size in thavithout case is bigger than in theth case because the sludge volume is bigger,
while collection is less effective when not using\. For modelling purposes all HPVs have
been placed in the Eastern catchment, usage isefemein all catchments by share of the
number of PLs. See financial and economic annexeT@thO and C11 for all scenarios and all
catchments.

Table 3-5 Sludge collection trips by truck type aetiess of ownershipMth / without case,
thousands of trips/year)

Truck type 2001 2005 2010 2020
With/without | with/without | with/without | with/without
3 m3 vacuum 3.6/3.6 3.2/3.2 14/14 0/0
6-8 m3 vacuum 43.7 1 43.7 33.8/59.0 55.0/79.21.76132.0
12 m3 HPV 0/0 5.6/0.0 4,3/0.0 8.4/0.0
16 m3 vacuum 0.5/0.5 0.5/05 0.2/0.7 0/0
Total 47.8147.8 43.2 1 62.7 60.9/80.8B 70.14.13

Note: Figures may not add up due to rounding.

The tariff modification proposals by Ernst and Ygumas been applied. Per 2002 AAWSA
collection tariffs for domestic STs / PLs rise fr@&&iB 49 to ETB 69 per trip, for commercial
entities from ETB 130 (EUR 17) to ETB 196 (EUR Z5.6 For commercial providers tariffs
remain the same or increase to modified AAWSA Igvbénce private STs will remain at ETB
150 and commercial will increase to ETB 196. Aftaf twice the new ST tariff, viz. ETB 138
(EUR 18.05), has been established for emptying BY HA higher tariff is reasonable since an
HPV empties much deeper than ordinary VACs. Thmodi fee at AAWSA'’s ponds of ETB
15 (EUR 2.00) for third providers is maintained.eeSfinancial and economic annex Table
General-C12 for full details.

Table 3-6 presents revenues and collection cos8AUVSA and others. The figures show that
the sector as a whole is expected to make a sosalih the coming two decades. AAWSA's

operations show a small profit, mainly becausehefdeposit fee imposed on other providers.
Was AAWSA to operate the fleet itself, it would sha small loss in the long run. A higher

tariff is therefore required. Details are includadinancial and economic annex Tables C14,
C15 and C17 for all scenarios and all catchments.
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Table 3-6 Sludge collection revenues and costs, AAVdnd otherswith / without case, ETB
millions/year)

Provider ltem 2001 2005 2010 2020
with/without | with/without | with/without | with/without
Revenues 16/16 29/1.7 23/15 3.2/20
AAWSA | Costs 44144 3.7/12.2 1.8/0.9 1.7/0.0
Net profit -2.8/-2.8 -0.8/-0.5 0.5/0.7 1.8.0
Revenues 3.3/3.3 3.8/76 8.0/11.7 9.8/20J7
Others |Costs 3.6/3.6 4.0/8.2 8.4/12.4 10.2/218
Net profit -0.3/-0.3 -0.2/-0.5 -0.5/-0.8 -0.4.1
Revenues 49/49 6.7/9.3 10.3/13.p 13.07 22.
All Costs 8.1/8.1 7.7/10.3 10.3/13.3 11.9/21|8
Net profit -3.1/-3.1 -1.0/-1.0 0.0/-0.1 1.0.9

Note: Figures may not add up due to rounding.

Sewer and sludge connection costs to customers
Customers bear investment and maintenance costsuer or sludge infrastructure constructed
around their dwellings (house connections to theesaetwork and construction of PL / ST).

These costs are summarised in Table 3-7 (see dratde General-D1).

Table 3-7 Sewer and sludge connection and maintenzosts for customers (ETB)

Type Subtype Construction _ Annual
cost maintenance cost

Apartment 1,800 36
Sewer connectio Reside_:nce - 600 12
Small industries 600 12

Otherd 1,800 36
Septic tank - 13,500 270
Pit latrine - 4,650 93

Note: 1) including main industries, government ¢igs, hospitals, commercial and hotels.

Maintenance is taken as 2.0% of construction ecespnstruction after 30 years as 80% of the
original cost. The customer born costs are nowad in the financial analysis; they do not
pertain to the feasibility of AAWSA. They do app&athe economic analysis, as they are costs
to the society. Further details are included i@ section on economic cash flow and in the
financial and economic annexes D3, D4 and D6 fbrseénarios and all catchments, for
financial and economic analyses.

Investments by customers in new connections amaantse long run to ETB 144 million
(EUR 18.82 million) p.a. for thevith case and ETB 274 million p.a. for thethout case.
Replacement of existing connections amounts inldhg run to ETB 37 million (EUR 4.84
million) p.a. for bothcases (see financial and economic annexes Tabland3D4 for all
scenarios and all catchments).
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Operating costs and revenues of AAWSA for sanitadin activities

Sewerage and sludge works operating costs

Operating costs of existing assets are based ateduhnual reports and remain unchanged.
Fixed percentages over investment values have lsshto for new assets: for sewer network
and treatment plants; 1.5%, for buildings, 2.5%,H@Vs 12% and 3.0% for contingencies. An

overview is presented in Table 3-8. Details ardushed in the financial and economic annex
Table F1 for all scenarios and all catchments.

Table 3-8 Sanitation related annual operating smstmary for AAWSA (ETB millions)

fom _zool 1 2005 [ __zoi0 [ 202
with/without | with/without | with/without | with/without
New assets Sewerage 0/0 2.4/0.0 8.9/0.0 21.7/0.0
Other 0/0 3.3/0.0 5.1/0.0 12.9/0.(
Existing Sewerage 24124 24/2.4 24/2.4 24 /24
assets Sludge 7.4/7.4 5.2/5.2 3.9/3.9 3.0/3.(
Total 9.8/9.8 13.2/7.6 20.3/6.3 40.0/5.4

Note: Figures may not add up due to rounding.

Revenues from sanitation activities

Revenues are composed of wastewater and sludgetati incomes. The first will be detailed
below. The latter has been treated before, omdywaat data will be repeated here. Wastewater
income is based on drinking water sold, regardéégbe provision of sewerage service and is
equal in bothwith andwithout case. The tariff proposal approved by the municpghorities
(Tariff proposal, Ernst & Young, 30.10.2000) hagmepplied. Table 3-9 depicts the position
on wastewater tariffs (see financial and economigea Table A12 for all scenarios and all
catchments). Different tariffs exist for differerdtegories of users, viz. households, industries,
hotels etc. Nevertheless, clients seem all alkkatéd the household category only. Users of
public fountains are not charged for sewerage sesvi

Table 3-9 Wastewater tariff structure, all conswseicept public fountains (ETBn

(Tnagr/'gosft‘ﬁ) (hisztg?iial) 2002 | 2003 | 2004| 2005| 2006+
#1:0—7 0.00 0.00 0.00 0.00 0.0( 0.00
#2: 7-20 0.08 0.35 0.40 0.45 0.50 0.55
#3: >20 017 0.35 0.40 0.45 0.50 0.55

Note: Tariff slab refers to the consumption of #ig water.

Table 3-10 shows details on wastewater income dpwatnt, for more details see financial and
economic annex Tables A14 and A15 for all scenamaball catchments.
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Table 3-10 Wastewater income developments

Item 2001 2005 2010 2020
Dglnklng water sold (million o8 36 51 116
m“/month)
Wastewater Domestic 0.6 5.6 10.4 31.5
incomes  (ETB Non-domestic 3.3 11.6 16.2 30.7
million) Total 3.9 17.2 26.6 62.2
Sewerage servigd\ith case 3% 18% 28% 68%
related” Without case 3% 3% 4% 3%

Note: 1) sewerage income related to sewerage ssrpiovided.
Income from sludge collection is less importanintls@werage income. Income to AAWSA

from sludge collection has been calculated beftirerefore only a summary of revenues is
presented in Table 3-11.

Table 3-11 Summary of income developments for AAWEAB million)

Item 2001 2005 2010 2020
Watewater 3.9/3.9 17.2/17.2 26.6 / 26.4 62.2 / 62|2
Sludge collection 1.6/1.6 29/1.7 23/15 3.2/2.0
Total 56/5.6 20.1/18.9 29.0/28.2 65.5/64,.2

Note: Figures may not add up due to rounding.
Financial project cash flow before funding

Financial project cash flows have been composed\dhd/ IRR calculated for the comparison
of the with / without case. Both cases are characterised by increasisig, c@ther than
increasing revenues. This means that the autor®hiRiRi / NPV, taken over the net cash flow
of a project case only, will not meet the IRR / NBMindard. Only in the comparison of the
with / without case cost savings appear, regarded as projectilsefi@fis is common practice in
public infrastructure projects, viz. roads, railwagnd ports. Generally, the comparison only
shows savings in later project years, as the eadiars are characterised by (high) investments.

In particular, wastewater projects are charactéigemany indirect costs and benefits. With a
high number of benefits outside the direct contloRAWSA this renders the feasibility for
AAWSA as an entity as difficult to attain. Moreoyelirect revenues from the sewerage tariff
are also realised in thvdthout case due to their link to the supply of drinkingtevaMaking the
without case from that viewpoint more financially benefidizan thewith case since it gives
AAWSA the revenues without angvestment.

To overcome this paradoxical situation, data aesgmted showing feasibility on IRR / NPV
grounds on different levels. Viz. firstly for AAWSas an entity, then for AAWSA with the
indirect costs and benefits added. (health costohe land cost, costs to customers, sludge
collection cost by others and real estate developsnsee financial and economic annex Table
J1 for all catchments and scenarios).
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It should be kept in mind that the feasibility ofpeoject such as the present one is primarily
judged by the economic cash flow not the financedh flow. The financial cash flow is a

prelude to the former. The financial cash flowvssrto determine funding requirements for the
project and the implementing agency. When sufficfanding is available, the agency will not

have a financial breakdown due to the project. |§8k12 shows the results of the analysis of
the financial cash flows before finance and taxoréldetails are included in financial and

economic annex Table J1 for all catchments andasmen

Table 3-12 Financial cash flows analysis for catehts and project (NPV in ETB million, at a
discount rate of 10%)

LINE Item Eastern Akaki Kaliti Project
1 with |without| with |without| with [without| With |without
2 | Net AAWSA cash flow
3 NPV -223 | +11 -95 +30 -108 +93 -426  +134
4 IRR -6.3% | 19.9%)| -2.3%1,354%|1.5% | 65.2% | -2.2%| 56.9%
5 # def. Year8 |19 19 17 1 17 1 20 1
6 | Net AAWSA cash flow plus added items
7 NPV -542 | -465 -356| -332 -1,542 -1,652 -2440 -2449
8 IRR -75% | -9.4% | -6.7%NA.Y [NAPY [NAY [NAY [NAY
9 | Comparisomwith to without for net AAWSA cash flow plus added items.
10 NPV -76 -24 +110 +9
11 IRR 1.9% 3.5% 3,758% 10.5%

Note: 1) NA. = not available, mathematically impbssto derive. 2) # def. = number of deficit
years. Figures may not add up due to rounding.

A few technical remarks can be made with respedtaiole 1.17. The IRR is derived through
trial-and-error. By mathematical law, the IRR d&ve multiple solutions or no solution at all.
This occurs in particular when the net cash flowromultiple years changes from positive to
negative frequently, when a cash flow stream starts a positive value or when the flow
remains negative. The issues described applyetprisent analysis.

Table 3-12 shows that from a financial point ofwig is most efficient for AAWSA not to
implement the project. This renders an autonomBis of 57% on project level (line 4, last
column), caused by the wastewater revenue flowsied 10-11 show the NPV / IRR for the
comparison ofnith to without cases for individual catchments and the project a$ole. The
project as a whole shows feasible from a finang@aht of view at an IRR of 10.5% (NPV of
ETB 9 million).

The above information is used for three purpodésst, based on the above data a provisional
project funding has been drawn up for discussiop@aes. Second the financial projections
and the funding data are used to prepare finastagé¢ments for the sewerage and sludge related
activities of AAWSA. Finally, the financial caslo¥v data are converted in economic values to
perform an economic evaluation.
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Project funding

For thewithout case no loan or grant funding is available, nahir cash flow deficits are
foreseen.

A provisional funding has been prepared for whth case such that deficits before finance as
well charges from loans are covered (tax exemps@ssumed). Funding consists of two types.
First, all project investments in new assets amanted through loans / grants. Secondly,
remaining deficits are covered by other means.nl/agrant funding schemes are prepared on a
per catchment basis (see financial and economi@xafable J2 for all catchments and

scenarios).

Grant finance has been assumed for 2002 — 200& TBr359.4 million (EUR 46.98 million).
No charges have been included for grant financihgan funding has been assumed to take
place in three batches for planning purposes:

¢ First loan batch: 2006 — 2010;
*« Second loan batch: 2011 — 2015; and
¢ Third loan batch: 2016 — 2020.

Each loan batch is followed by a two year graceopeiRepayment takes place in forty equal
annual instalments; interest is 2.5% p.a with nomassion. The total loan amount is ETB
1,470 million (EUR 192.16 million) for 2006 — 2020.

A like in other countries sanitation is not extréynarofitable. Loan repayments are expected to
cause cash flow deficits in 2013 - 2019 addingaugTB 145.6 million (EUR 19.03 million) for
which funding needs to be found, preferably withlomther charges attached to it. Two options
have been analysed in detail. One option is tawmassfunding to be obtained from the
municipal or regional government. This would mearsubvention or a participation in
AAWSA. A second option is to cover the remainirgfidts by postponing loan repayments
through postponing loan disbursements. If granarfce can be found for the investment
amounts of 2006 — 2007 and 35% of the amount f@82AETB 275.4 million, EUR 36.00
million), then no further deficits are expectedtzur until the end of the project period.

Financial statement projections

Sewerage & sludge activities

A summary overview of the projected profit & losscaunt, the flow of funds and the balance
sheet is presented (Table 3-13). More detailedegtions are included in financial and
economic annex Tables K1, K2 and K3 for all scarsari
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Table 3-13 Profit & loss account projections fowseage and sludge activities of AAWSA
(ETB millions)

2001 2005 2010 2020
with |without| with |without| with |without| with |without

Wastewater 3.9 3.9 17.2 17.2 26.6 26|6 62.2 62.2
Sludge 1.6 1.6 2.9 1.7 2.3 1.5 3.2 2.0
Income 5.6 5.6 20.1 18.9 29.0 28.p 65/5 64.2
Sewer & TP 2.4 2.4 4.8 2.4 11.3 2.4 241 2.4

Sludge 11.9 11.9 9.7 7.3 7.0 4.1 10J0 3.0
Other 0.0 0.0 0.9 0.0 2.7 0.0 5.9 0.0
Operating exp. 14.3 14.3 15.4 9.7 21)1 71 40.0 5.4
Operating profit| -8.7 -8.7 4.7 9.2 7.9 21.1] 25.% 58.8

Depreciation 3.7 3.7 12.4 3.8 27.9 2.0 58(1 2|3
Interest 0.0 0.0 0.0 0.0 9.5 0.0 32.5 0.0
Net profit -125 | -125 -7.6 5.3 -29.% 19.1 -65|2 .56

Note: Figures may not add up due to rounding.

For all financial statements it holds true that without case shows better results than it
case. This is due to the revenues from wastewateglequal in both cases.

Table 3-14 Flow of funds projections for seweragel aludge activities of AAWSA (ETB
millions)

2001 2005 2010 2020
with | without | with | without | With | without | with | without

Income

CF/operat.n8 1.2 | 1.2 | 47 92 | -1.6| 21.1| -7.0 58.8

Financing

Grants 0.0 0.0 1471 0.0 0.0 0.0 0.0 0.0

Loan disbursementg 0.0 0.0 0.0 0.0 50.7 0}0 139.6.0
Total income 1.2 1.2 151.§ 9.2 49.1| 21.1| 132.6 58.8
Expenditure

Investments 1.2 1.2 1483 1.0 51.9 1.0 140.8 1.0

Working Capital 0.0 0.0 -0.3 -0.4 -0.0 -0.3 0/5 0.

Loan repayments 0.0 0.0 0.0 0.¢ 0}0 0.0 20.2 a.0
Total expenditure 1.2 1.2 148.0 0.6 51.9 0.7 | 1615 1.0
Surplus/deficit 0.0 0.0 3.8 8.6 -2.8 20.4/ -28|9 57.8

Note: 1) CF/operations = cash flow from operatid)sin 2001, the Flow of Funds of financial
and economic annex Table K2, a shortfall of ETBriBion is predicted, however, neither the
shortfall nor the breakdown of AAWSA has occurrgiirefore the shortfall is merged with the
surplus on cash flow from operations. Figures matyadd up due to rounding.
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Table 3-15 Balance sheet projections for seweragk sbudge activities of AAWSA (ETB

millions)
2001 2005 2010 2020
With | without | with |without| With |without| With |[without
Assets
Fixed assets 77.5 7755 415.3 66.0 706.2 %59.4 17383.47.8
Net curr.assets 13.8 13(8 43 10.6 4.2 8.8 8.2 7.8
Cash balance 0.0 0.0 195 18.4 18.2 1Q0.2 -23.0 .3485
Total assets 91.8 91,3 4390 9%5.1 723.6 168.4 19368540.7
Liabilities
Equity (assets) 93.8 93,8 93,8 93.8 938.8 93.8 93.83.8
Grants 9.9 9.7 369.8 97 3693 9.7 514.9 9.7
Loans 0.0 0.0 0.( 0.0 4035 0.0 1,359.3 0.0
Ret.d earn.g% -12.5 -12.5 -24.1 -8.4 -143.1 64,8 -599.1 43).2
Total liabilities 91.3 91.3| 439.0Q 95.1 7236 1684 1,368.9 540.7

Note: 1) ret.d earn.gs = retained earnings. Fgyoray not add up due to rounding.

In thewith case, the net value in fixed assets grows eighi@dnover the years, theithout
case shows a decrease by almost 40% over timeowgththe financial statements for thieh

case do not look like a very profitable organigatithey still show a viable organisation.
Sanitation activities in developing countries (udihg western Europe) all over the world have
been only marginally feasible at the start. Affvdity with the public is low whereas
investments are high and take a long time to mature

All AAWSA's activities

On request of AAWSA, the consultant has prepaneahitial statement projections for AAWSA
as an entity merged from the financial statemenjeptions in the Tariff Study of 2000 and
from the financial statement projections for AAWSASanitation activities in the present
Sanitation Masterplan. These projections weregmexpfor thenith project case only. Merged

projections have been limited in time to the shodkthe two (see financial and economic

annex Table "E&Y MERGE” D1, D2 and D3).

Table 3-16 Merged Profit & loss account projectimrsAAWSA as an entity (ETB millions)

2001 2005 2010
With With With
Income 83.9 193.3 320.9
Operating expenses 96.2 123.0 163/4
Operating profit -12.3 70.4 157.6
Depreciation 24.7 68.6 91.6
Interest 7.0 17.6 31.8
Net profit -44.1 -15.9 34.2

Note: Figures may not add up due to rounding.
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Since water supply figures show a more flouristpngure than sanitation data. Thwth case

for the merged data shows equally better. Incomeldeare expected to be four times higher for
water supply than for sanitation activities. Tlewamulated losses are expected to be resolved
slowly over time.

Table 3-17 Merged Flow of funds projections for AGA as an entity (ETB millions)

2001 2005 2010
With With With
Income
Cash flow/operationts| 5.4 89.6 172.9
Financing
Grants 86.2 214.1 0.0
Net loans 5.9 154.9 -10.9
Total income 97.5 458.6 161)9
Expenditure
Investments 367.( 413.9 51{9
Working capital -321.3 22.2 -15.)7
Total expenditure 45.7 4361 36\2
Surplus/deficit 51.8 22.5 125.8

Note: 1) CF/operations = cash flow from operatidt)sin 2001, the Flow of Funds of financial
and economic annex, Table K2, a theoretical sHbdfeETB 9.9 million is predicted, neither

the shortfall nor the breakdown of AAWSA has ocedtrtherefore the shortfall is merged with
the surplus on cash flow from operations. Figmney not add up due to rounding.

Table 3-18 Merged Balance sheet projections for /8¥Was an entity (ETB millions)

2001 2005 2010
with With With
Assets
Fixed assets 916.83 1,8989 2,267.4
Net curr.assets 3713 288.9 340.8
Cash balance 0.0 195 13.2
Total assets 1,287.6 2,207.3 2,621.4
Liabilities
Equity (assets) 105.8 1053 105.3
Grants 9994 1,626.8 11,6263
Loans 395.0 753.% 1,219)9
Retained earnings -212)2 -278.0 -330.1
Total liabilities 1,287.6| 2,207.3 2,621.4

Note: Figures may not add up due to rounding.

The merged balance sheet shows an AAWSA with higghes (ETB 2.27 billion by 2010) in
fixed assets and high amounts in outstanding lenm foans (ETB 1.22 billion). It should be
noted that use of merged financial statements ghmldone with due reservation.
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Economic analysis

To make an economic analysis therefore two steps been made:
* The consequences of the project for other actadstlaa society as a whole have been
added to the financial analysis;
* The values used in the analysis have been convieoi®dfinancial to economic.

The cost and benefit items for third parties wiitlirg@ct impact on the project include:
* Sludge collection activities by private servicepders;
¢ Sludge and sewer related costs to households ditie&n
* Health effects with the general public;
* The costs of forgone land use due to the constnucii treatment plants; and
¢ The impact on the value of real estate in the regio

All items have been converted to economic valuesguBlational Economic Parameters and
Conversion Factors for Ethiopia (MEDaC, 1998).gémeral conversion factors amount to 0.80
— 0.90 (see financial and economic annex Table GEAd).

Health benefits

The difference in sanitation related health costsvbenwith and without cases, treated as a
project benefit, is calculated in economic termE&B 2.5 million (EUR 0.33 million) for 2005
increasing to ETB 7.1 million (EUR 0.93 million) @&ETB 37.4 million (EUR 4.89 million) per
annum in respectively 2010 and 2020 (see annexTaBlfor all cases and analyses).

Forgone land use

Capitalized over time (discount rate 10%) the folg@dded value realized on land lost for
agriculture is ETB 7.9 million (EUR 1.03 millionpif the preferred scenario 1 (680 ha). The
effects of forgone land use are marginal for thaqmt.

Real estate value development

Value developments have been estimated conserlyatinereasing once at 0.5% five years
after connection to the sewer netwowkth andwithout cases, annex Table I1 for all cases and
all analyses). Thevithout case reflects a situation where sewer connectiomsraich more
scattered. This overstates the value developmentalaonnections slightly. The effect of the
value increase on the project are limited sincg thke effect only after the fifth project year
(2006).

Other benefits

A number of other benefits exist, but remain laygatangible. Although it is obvious that their
impacts will influence the project in a positiveywdurther studies would be needed to estimate
the value of such benefits for the general puBlenefits considered are:

 Time and cost savings from improved sewerage andgsl collection with AAWSA
clientele;

* Increased productivity of water using industries;

» Improved quality of life and general happinessditizens;

* Lower clean water treatment costs downstream;

* Recreational options in the region and along ther(s);

¢ |Increased tourism; and

* Improved air quality and reduced odour nuisance.
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Economic cash flow

In the financial and economic annexes Tables ptegethe same values for financial and
economic analyses have identical layouts, thedifi that they have the wor@&CONOMIC
ANALYSIS written in bold italic capitals over the calendr. In addition, in the spreadsheet
file financial values have a sky-blue backgrountben whereas economic values have a sand-
brown background colour.

Only summarised economic cash flows are presefitadl¢ 3-19). Wastewater revenues for
which no service is rendered (97% out of 100%)akeied as transfer payments. This will

decrease over time to 32% in 2020 in wthth case. Full quantitative details for economic cash
flows are included in economic annex Table J1g9@dinarios and all catchments).

Table 3-19 Economic cash flows analysis for cataftsiand project (NPV in ETB million, at a
discount rate of 10%)

LINE Item Eastern Akaki Kaliti Project

1 with |[without| With |Without| with |without| With |without
2 | Net economic cash flow

3 NPV -458 | -423 -306 | -308 -1,383 -1,540 -2,148 72,2
4 IRR -6.6% | -10.8 | -6.19% -10.5% -9.9% -13.598.4% | -12.3%
5 | Comparisorwith to without for net economic cash flow

6 NPV -35 +3 +156 +128

7 IRR 6.4% 10.69 3869% 16.5%

Note: Figures may not add up due to rounding.

Table 3-19 clearly shows the feasibility of thejpod on economic grounds at an economic IRR
of 16.5%. On a per catchment basis, Kaliti and khkare feasible, whereas Eastern is
marginally feasible with an IRR bigger than zer¢ beiow the 10% cut off rate.

Sensitivity tests

Results of sensitivity tests are represented mahmgugh changes in the scores of compared
(with to without case) IRR / NPV values.

The effects of modifications to the exchange rate # the investment amounts are strongly
interlinked since a substantial proportion of thejgct investments are payable in foreign
exchange. For any increase in investments by B028 is attributed to treatment works and
3.3% to sewer network. An increase in investments0% causes the grand total of the cost
estimate to rise from ETB 1,916.0 million (EUR 280 million) to ETB 2,107.6 million (EUR
275.50 million).

Modifications in foreign exchange rates can betéeaas changes in investments. Foreign
exchange shares of treatment works, sewer netwti?k/s and buildings and other items are
30%, 60%, 100% and 30% respectively. As a resutleterioration of the exchange rate of
10% between ETB and major currencies (EUR and U®M) cause the specific item to
increase with 10% of the respective foreign exclharmgmponent. The cost estimate as a whole
is expected to increase by 4.1% in ETB-terms aftéevaluation of the ETB by 10%.
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Impacts of increases in project investment are oredsthrough increasing the contingency
percentages. Results on the financial and econlfitile and NPVs are presented in Table 3-20.
The table shows that the project remains feasibi@ fan economic point of view at an increase
in contingencies of 20%.

Table 3-20 Sensitivity of variations in contingezebn investments at project level

Case | Contingencies Cost Estimate Financial Economic
ETBm [EURmM| IRR NPV IRR NPV
-10% 0% 1,741.2 | 227.69| 14.5% 73 20.2% 176
Base 10% 1,916.0| 250.46 10.5% 10 16.5% 24
+10% 20% 2,090.2 273.23 7.1% -54 13.4% 7P
+20% 30% 2,264.4 296.00 4.10)(0 -11B 10.9% 19

Increases in working capital have been testedprédent AAWSA is operating with around 511
days worth of operating expenses. Three sengitréises have been tested:
* Base case: working capital new assets = 75 daystirex assets becomes 75 days
(2007+);
* “150 days™ new assets = 150 days, existing atsmzismes 150 days (2005+);
e “b511 days”: new assets = 511 days.

Table 3-21 shows that the different working capatiéérnatives have only a marginal effect on
financial and economic IRR and NPV.

Table 3-21 Sensitivity on variations in working ¢aprequirements at project level

Case Working capital Financial Economic
ETBm |EURmM| IRR NPV IRR NPV
Base = 75 days 3.5 1.07 10.5% 1( 16.56% 124
150 days 16.4 2.15] 10.4% 8 16.3% 122
511 days 56.0 7.32 9.8% -3 15.6%0 113

The interest rate for the loans under the proviipnoject funding is 2.5% p.a. in the base case.
Any increase in interest causes a cost increasdait ETB 95 million (EUR 12.42 million)
per percent point. Changes in interest rates meveffect on economic parameters since
interest payments are valued as transfer paymeosérsion factor of 0.0).

A sensitivity analysis has been made of the indipeoject effects concerning health, forgone
land use and the development of real estate valligfects have been tested in a combined
effect only: the base case has been compared teaswd effects of 10% and 20%. An
increased effect of 10% causes the economic IRRctease by 0.6% point.
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Table 3-22 Sensitivity on combined health, forgdared use and real estate effects at project
level

Iltem Unit Base +10% +20%
Health costs ETB/case 152.50 167.75 183.00
Forgone land use ETB/halyear 500 550 600
Real estate value Value increagse 0.50-1.00% -0B%0%| 0.60-1.10%
Impacts
Financial IRR / NPV 10.5% /9 11.3%/ 24 12.199/ 3
ﬁg‘i?om'c IRR 16.5% /124 | 17.1%/138|  17.7%/ 150

Further real increases in tariffs by 10% and 20%eHhaeen investigated for wastewater and
sludge collection. The development of tariffs undmtious sensitivity tests is presented in Table

3-23.

Table 3-23 Sensitivity on real tariff increasepitject level

Item Unit Base +10% +20%
Wastewater ETB/m® | 0.55 (2006+)| 0.60 (2007+) 0.65 (2008+)
Sludge collection
Private ST by AAWSA ETB 69 (2002+) 76 (2003+) 8804 +)
Commercial ST by AAWSA ETB 196 (2002+) 216 (2003+)235 (2004+)
PL by VAC ETB 69 (2002+) 76 (2003+ 83 (2004+)
PL by HPV ETB 138 (2002+ 152 (2003+) 166 (2004+)
Private ST by hon-AAWSA ETB 150 (2002+) 165 (2003+)L80 (2004+)
Commercial ST non-AAWSA ETB 196 (2002+) 216 (2003+R35 (2004+)
Impacts
Financial IRR / NPV 10.5%/9.0 10.6%/10.0 10590
Economic IRR / NPV 16.5% /124 16.7% /129 16.7%84

Note: PL = pit latrine; ST = septic tank.

The project shows a relatively low sensitivity @itvanges in tariffs. This is because wastewater
tariffs are collected anyway, regardless of corioadb the sewer network.

The effect of a delay in implementation of the pobjworks in beneficial to AAWSA as the
payment of loan interest and the increase in op&@tcosts are delayed increased the profits
of AAWSA.

In general, the project is said to have passeddhesitivity tests successfully.
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4 SUMMARY OF RECOMMENDATIONS

This section summarised the recommendations cauaim this Masterplan. The figures in
brackets refer to the relevant section of Main Repo

4.1 Sewerage

Section

» Secondary sewers and laterals must be construttdte ssame time as their 2.9.2
associated trunk sewers

* New developments should be required to construs¢veerage system with a 2.9.3
temporary treatment plant.

« All polluting industries and water consumers usimgre than 30fimonth 2.8
system to be connected to the sewers, where alailab

* Pollutant loads from industries to be consented jedtreatment undertaken 4.2.4
where required.

* Manhole covers to no longer be ventilated. Venegpipo be installed where 2.8
necessary

» Concrete pipes to be used as standard trunk sewers. 2.7.3

* Lateral sewers to be provided to allow Y-connedi@md stub sewers to be2.9.2
located at all property boundaries.

» Sources of groundwater infiltration to be identfiend eliminated. 2.8

* The connection of storm water and roof drains tadeetified and removed. 29.1

« AAWSA to investigate the use of private/public parships to provide 2.9.3
sewerage in new developments

* New houses requesting an in-house water supplynathda sewer within 10m 2.9.3
must connect to the sewer

4.2 Sludge collection, treatment and disposal

Section
* Dry pit latrines should be emptied using a highfggenance vacuum trunk 3.1
and the dry sludge disposed of to a sanitary ldndfi
* Injection of septic tank sludge in to the Kalitws® to be undertaken as a 3.7

pilot project
» Existing vacuum trucks to only de-sludge septiksan 3.2
* New improved screens to be provided at the dryewgkand sludge lagoons. 351
* The pilot forestry scheme to be initiated with intate effect. 3.5.6

* The use of pour flush latrines to be encouragediedsis cannot then be 3.1
added to the dry pits.
* New sanitary landfills to be constructed at Kaditid Kotebe treatment work 3.6

sites.
* One high power vacuum tank to be purchased a®gpiject. 3.1
* New dry pit latrines to be constructed with linedll& and base 3.1
4.3 Wastewater treatment plants
Section
» First phase of each wastewater treatment planeé twdstewater stabilisation 4.4.8
ponds.
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* A pilot trickling filter plant to be constructed tssess the suitability of this 4.4.8
type of plant for use in Ethiopia.

* Proposals to de-sludge the facultative ponds intiKalbe formulated. 341

* Flows and pollutant loads to be regularly monitoa¢ceach works to allow 4.5.4
proactive extension of each works

Institutional

Section
= Implementation of the Environmental Monitoring U(EMU). 5.2
» Where sewer laterals are provided connections toubdertaken by 2.9.3
householder with connection inspected and apprbysfAWSA.
= Each consumer connected to the sewerage systearégistered. 29.1
= The enforced connection to sewer by major waterseowers to be 2.8
implemented by a Directive from the Board.
= A Directive from the Board to insist on new devetamts being sewered. 293
= Staff recruitment and training to be coordinatethwiew works construction. 51
=  AAWSA to implement the collection of “record drawsi with a locational  2.10
manhole numbering system

Financial
Section
= A flat rate fee to be charged to those consumensexied to the sewerage 2.9.2
system.

= Differentiated tariffs in sludge collection to aNdor affordability among the 7.3.4
poor and the better off.

» For institutional, commercial, government and samibodies, the charge for 7.3.4
septic tank and dry pit latrine emptying should exoall costs including
overheads.

* Industries to be charged on both a volume and faoituload (sewage 7.3.4
strength) basis.

= Reduce working capital to 75 days. 7.3.3

= |In association with financial institutions a revioly fund to be set up to 2.9.2
provide loans for the cost of connection to thelipigewers

Implementation

The following implementation schedule is recommehfie inclusion in the Project Dossier;

Kaliti: Scheme 1
« Construct Kaliti stage 1 secondary sewers anddister
» Sewer rehabilitation, sludge disposal and pilotigiinjection.
« Extend Kaliti waste stabilization ponds to 180,@@pulation equivalent by using anaerobic
ponds.
« Construct Kaliti phase 1 of stage 2 sewers:
0 Mekanisa/Old Airport;
o Bole Tele-22 Round;
o Rwanda;
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Kaliti: Scheme 2
e Construction Akaki Il phase 1 WWTW (100,000 p.e.).
¢ Construction of Kaliti to Akaki Trunk sewer.
« Construct Kaliti phase 2 of stage 2 sewers:
o Lafto;
0 Meskel Square- Gotera;
0 Post office-AAWSA,;

Eastern: Scheme 3
(Recommended Interbeton interventions)
» Preparation sanitary landfill, access road andgesd forestry pilot project and purchase 1
HP vacuum truck.
» Construct new waste stabilisation ponds in thedfastatchment for a capacity of 100,000
population equivalent.
e Construct Eastern stage 1 sewers:
o Eastern terminal trunk sewer;
0 ILRI interceptor and Laterals;
0 Kotebe Interceptor and laterals;
o CMC interceptor and laterals.

Eastern: Scheme 4
(Recommended other interventions)
» Construct Eastern stage 1 and 2 sewers:
o0 East Bole interceptor and laterals;
0 Gergi interceptor and laterals;
0 Kotebe Interceptor and laterals;
CMC interceptor and laterals
This section summarised the recommendations cauaim this Master Plan. The figures in
Brackets refer to the relevant section of this repo

Akaki: Scheme 5
» Construct waste stabilization ponds at Akaki | #rcapacity of 100,000 population
equivalent.
» Construct Akaki stage 1 sewers:
0 Akaki main interceptor and laterals;
0 Akaki east interceptor and laterals;

Volume | - Executive Summary 69



5

Wastewater Masterplan

NEDECO

COLOPHON

Client : AAWSA

Project : Addis Ababa Sanitation Improvement Priojec
File : Q011001001

Length of report . 71 pages

Author : T. Hendriks, D Beale

Contributions
Project Manager
Project Director
Date

File Name

. J. Helmer, B. Jebessa, F de Zanger

. D. Beale

. B. Bakker
: 30 June 2002
:Executive Summary G Final

Volume | - Executive Summary

70



