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Audience
This document is targeted as background documenerigineers, and planners, dealing with
implementation of sanitation systems, trying to em#éthe leapfrog from wastewater to agricultyre,
especially in low income or developing countries.

Purpose
For two SWITCH demonstration cities an inventorgae of the agricultural demand for ecogan
nutrients in and around the city was prepared dteoto demonstrate the potentials of linking
wastewater production and agriculture. Studies wmsdormed for Accra and Beijing in the
context of Deliverable 4.1.5. As for Beijing, thesults also include an analysis of scenarios based
on urine processing to produce fertilizer (struMiteduction and ammonia steam stripping),

followed by use in and around the city.

Background

Ecosan systems offer new solutions to urban samitathifting the paradigms in wastewater
treatment from an approach with mixed systems sbegys based on source control and separate
treatment and / or reuse of concentrated and dilbteusehold wastewater flows. A potential
advantage compared to the ‘end-of-pipe’ paradigemabling the nutrient recovery for agricultural
use and preserving water for groundwater rechamigation and other purposes. This study aimed
to show the potential for agricultural use of ecogeoducts.

Accra, the capital of Ghana is characterized bydrapban growth and lacking reliable sanitary
infrastructure. The prevailing sanitation systeiks pit and bucket latrines, public toilets and ope
defecation do not provide safe sanitation to thpufaiion. Attempts to improve the sanitary
situation by installing conventional wastewatemtneent plants have not been successful. same
time, fertilizer use in urban agriculture is ingci#nt in Accra. Fertilizer is expensive due to a
weak import and supply infrastructure. Constraiiots the farmers to use fertilizers are amagng
others a high risk of crop failure, a lack of ficas and a lack of agricultural expertise.
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New sanitation concepts, such as Ecological 8&mit, as a resource oriented approach to
sanitation, provide the possibility to reuse nutisefrom human excreta in agriculture. In order to
cover the nutrient demand of all farming sites ioc/a by fertilization with human urine abgut
13500m2 of urine would be needed per year. Thatuaiecould be generated in 360 public toilet
blocks each containing two urinals. The nutriedtigaof one m? of urine is calculated at $ 7,3. If
the urine could be sold to urban farmers at thiaepexpenses for transportation and storage could
be covered. In case of a collection of the whol@wamh of urine in the city, e.g. by use of urine
diverting toilets on household level, treatment mes would be needed to reduce its volyme
before transporting it to farming sites outside ¢hg.

Theoretically a large fraction (85% of N and 64% R)f of the nutrient demand in Beijing's
agriculture could be covered by fertilizing produdtom new sanitation concepts. The two
developed scenarios both proofed to be more enrgyat least a factor of 2) efficient than a
conventional system with nutrient elimination ae ttvastewater treatment plant and fertilizer
production abroad (transportation costs for fesilitransport for a conventional scenario were|not
discussed although they might be high). Scenariwith many small units showed, that it |is
advantageous to reduce volumes at an early stageltice transportation costs. With only a few
larger treatment plants, as in scenario 2, operaia maintenance is better controllable and most
likely more safe. In the end a combination of betbnarios would be the ideal situation.

Since Beijing already has an existing sanitaiidrastructure, any new system would need tq be
implement-able step by step. Some districts oftexdgboundary conditions for an implementatipn,
e.g. a sanitation system that needs to be reneamethigher population density to capture langer
guantities with the same effort.

Potential Impact
New sanitation concepts offer solutions for citighout proper sanitation as well as for citiesttha
will undergo changes towards more sustainabilitghi@ future, especially when a connection to
(urban) agriculture can be made. Analysis of thimtpoof transportation and distribution of the
final products like in the example of the Mega digijing can help in finding solutions that wijll
allow to implement new sanitation systems in larggale into cities or to integrate them step| by
step into existing systems on a long term.

Recommendations
With the existing knowledge and given thoughtsdnsider, a larger pilot project for Accra and for
Beijing should be planned and realized combinett siientific documentation to further develpp
and improve the system.
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1. State of sanitation and urban agriculture in Acc  ra - Can Ecological Sanitation
help to improve both?

Keywords: Accra, new sanitation systems, agricaltautrients

Abstract

Accra, the capital of Ghana is characterized byidragban growth and lacking reliable sanitary
infrastructure. The prevailing sanitation systerke Ipit and bucket latrines, public toilets and mope
defecation do not provide safe sanitation to theufation. Attempts to improve the sanitary situatity
installing conventional wastewater treatment plaméve not been successful. Most plants are not
functioning and the sewerage network is underd@ezlo At the same time, fertilizer use in urban
agriculture is insufficient in Accra. Fertilizer épensive due to a weak import and supply infuastre.
Constraints for the farmers to use fertilizersareng others a high risk of crop failure, a lackimdnces
and a lack of agricultural expertise.

New sanitation concepts, such as Ecological Samitabs a resource oriented approach to sanitation,
provide the possibility to reuse nutrients from lamexcreta in agriculture. In order to cover thiiant
demand of all farming sites in Accra by fertilizatiwith human urine about 13500m3 of urine would be
needed per year. That amount could be generat@@irpublic toilet blocks each containing two urial
The nutrient value of one m3 of urine is calculatsée® 7,3. If the urine could be sold to urban farsmat
that price, expenses for transportation and stocagéd be covered. In case of a collection of thehe
amount of urine in the city, e.g. by use of urineeding toilets on household level, treatment roelh
would be needed to reduce its volume before tratisgat to farming sites outside the city.

1.1. Introduction

Accra is the capital of Ghana, a West African copfdcated at the Gulf of Guinea between Ivory Goas
and Togo. The Greater Accra Region comprises fivle-districts, from East to West these are: Ga
District, Accra Metropolitan Area (AMA), Tema Distt, Dangbe East and Dangbe West. AMA
represents the original city center, where urbareld@ment started just after Ghana became indepénde
in 1957. 20 years later, urbanization was stillitéd by the border of AMA and the surrounding déssr
were still rural in character. From 1985 on, growtko took place in the two neighboring districtd G
and Tema (Figure 1), forming a new administrativeridary called GAMA. Yankson (2004) states that
the urban area of Accra grew from a size of 216ikm®85 to 555 kmz in 2002, and at present graves a
rate of 25kmz2 per year. As a result, the city ofmBewas already completely included into the urban
surrounding of Accra in 2002. Looking at the extefitarea that was under transition in 2002 it is
supposable that today the shape of the city lisngimilar to the one on the bottom right side afuFée 1.
The size of urbanized area in 2008 is about 70%kwéring 45% of the total area of GAMA.
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Figure 1. Accra urbanized area and area under transition into urban use (Yankson 2004)

Accra is a primate city, which means that it is ooty the capital in political and administrativerms,
but also the industrial, commercial and culturaitee of Ghana. Due to this primacy, the city hagagbk
been the center of attraction for many Ghanaiaesv®n 1957 and 1970 Accra’s population grew from
190 000 to 637 000 citizens [Yankson (2004)].

At the time of 1984, when Accra had reached thecafisize of one million citizens, a new period of
growth began. The endogenous growth by immigréftiom the surrounding rural areas and small towns
was now exceeded by the natural indigenous grovvitmeo urban population. At the same time, rents
started to rise in the inner city, because the ingusector was liberalized by the Economic Recovery
Program (ERP). Hence, this second period of grdd@84-today) is characterized by movements from
downtown to the periphery, namely to the distrié&s and Tema. These movements are well reflected by
table 1. While growth was moderate in the city eef@MA) with 3.4% p.a. between 1984 and 2000, Ga
and Tema grew at notably higher rates of 6.3% aB#%3espectively. Since the latest population censu
in Ghana was carried out in 2000, the 2008 popridtr the single districts is calculated on theibaf

the latest yearly growth rates.
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Table 1: Accra Population Development 1970-2008
District Year
Growth p.a.
1970 1984 2000 2008
(1984-2000)
AMA 636 667 969 195 1658937 2167 675 3.4%
Ga 66 336 132 786 550 468 897 425 6.3%
Tema 102 431 190 017 506 400 1031 466 9.3%
Dangme East n.a. n.a. 93 112 131 404 4.4% (est.)
Dangme West n.a. n.a. 96 809 136 622 4.4% (est.)
Greater Accra n.a. n.a. 2905 726 4 358 937 5.2% (est.)

The physical growth, especially in Ga and Temagcg@eds in an unplanned and uncontrolled way. It is
characterized by arbitrary development of openmdyaces which are mainly found in the periphery of
Accra. Most houses are built illegally with no umbalanning involved and so they lack of basic
infrastructure like electricity, access to roadstev supply and sanitation. Figure 2 shows onéhede
houses, which has been built on the middle of d.r&axen newly built middle and high class houses on
the outskirts of Accra normally are not connectedhe electricity grid and/or the freshwater/sewgera
network. For house owners size and location of larelmore important than access to such facilities.
Instead, generators are used for electricity prido@nd freshwater/honey trucks replace the cdiorec

to the water and sewerage network.

Figure 2: New house constructed on the middle of a road (¥ank004)
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1.2. Sanitary situation in Accra

1.2.1. Wastewater collection

The wastewater generated in Accra is mainly of ddimerigin as the city’s industrial zone is prinhar
located along the coastline, which allows the disgh of wastewaters directly into the ocean. Doimest
wastewater is disposed off in many different wagajnly depending on the location of a house and the
income of the dwellers. Only a small share of heuseAccra is connected to a sewer system (less tha
5%) so that a water based toilet (W.C.) can be.usedthe remaining households the following toilet
facilities and means of wastewater collection apply

* W.C. with underground septic tank
* Improved pit latrine (KVIP) or simple pit latrine
» Bucket latrine

* Use of public toilets

Among the citizens a W.C. in combination with ateefank is considered to be the most sophisticated
and modern sanitation system. The next best cligittee Kumasi improved pit latrine (KVIP) followed
by a simple pit latrine. Bucket latrines are mainiged in low income households. Finally, those
households that cannot afford any domestic todetlify are forced to use public toilets as a pererd
sanitation system. Figure 3 shows the fractiorsagh system in Accra.

Bush or beach W.C
12% 22%

Public toilet

Pit latrine
0,
e 11%
Toilet in other LKVIP
house 10%
9%

Bucket or pan
9%

Figure 3: Sanitation facilities in Greater Accra (Source:Gh&2002))

1.2.2. W.C. and septic tanks

The combination of a W.C. and a septic tank foretecstorage is used by 22% of Accra’s population.
For flushing the toilet a reliable inhouse watenmection is required. The septic tank is usuallglenaf
concrete, it has a volume of approx. 4000 literd iarburied in the yard or under the house. Af@ng
the toilet, the excreta are flushed into the targether with urine and flush water. Solids anditiguare
then separated in the tank. The sediment (faesesllected at the bottom in form of sludge whidgiids
(water and urine) flow off into the soil via a seakay at the top of the tank. To avoid an overflofw
faecal sludge, the septic tank must be emptiedgieally depending on the number of users. Among on

10
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site facilities the combination of flush toiletsdameptic tanks is the most convenient but alsombest
expensive one. Septic tanks are predominantly fanfdgh and middle income areas either in thearent
of Accra or in newly developed villas on the outiski

According to the Waste Management Department inrdtlee initial costs for setting up a septic tank
range between $1500 and $2000, depending on teekihe tank and the ground conditions. The tanks
are cleared by vacuum trucks, which discharge tbaiis either at one of the sewage treatment ptants
into the ocean at a place called lavender hilleckasKorle Lagoon. A honey truck can take a maxinoim
7000 liters of faecal sludge. Every day betweem®® 100 trucks discharge at Lavender hill whileugbo
40 trucks discharge at the treatment plants. Elveugh none of the treatment plants is presentlkinvgr
and stabilization ponds are entirely filled up,dalesludge is still dumped there.

Flushing toilets are regarded as very modern argiehic in Ghana. A septic tank system offers the
comfort of a water closet without the necessitya afewerage network. It is the only flexible systhat
can be operated with a flushing toilet and is tfogeethe preferred sanitation system for those listgoin
middle and high class houses and can afford tldvely high installation costs.

The major shortcoming of the septic tank systeritsisvater dependency. Already today Accra faces
severe water shortages, and breakdowns of the sgply system are very frequent. Because of thie hi
costs and logistic difficulties of installing a yitwvide water supply network in combination with
uncontrolled development of houses and high rafesrribanization, water supply is likely to stay
unreliable in many parts of the city for the nedcddes. Even if every household had indoor water
supply, one must consider that there would notrmigh water to flush all the toilets. Another cati
issue is that septic tanks are installed undergtolrossible leakages remain unnoticed and often
contaminated water can infiltrate into the soil amhtaminate the groundwater. Last but not least th
problem of faecal sludge treatment in Accra hasyettbeen solved. Treatment plants are designed to
treat human excreta that are diluted with wateecBhsludge however is concentrated and the past ha
shown that no treatment plant was able to cope théthuge amounts of sludge that is produced imaAcc
every day. Even the three projected treatment pldmtnot permit the treatment of Accra’s daily amtsu

of faecal sludge (see next section).

To sum it up, the septic tank system offers highfoot and hygiene for the user but in the formsit i
currently used in Accra, it has a huge negativeaichmn the environment and on the public health in
general.

1.2.3. Pitlatrines

The pit latrine is a waterless low-cost toilet optthat is very common in African countries. It simts of

an underground pit and a superstructure that may imadesign and quality (e.g. bricks, metal, wood)
The functioning of a pit latrine is very simpleetlexcreta drop into the the pit by gravity; whitdids
(faeces) accumulate at the bottom liquids (urimdijtiate into the soil. When a pit latrine is high
frequented it fills up quickly and must be cleabsda vacuum truck.

Traditional pit latrines often smell and serve dse@eding ground for flies and other disease trétisig
insects. Therefore the Kumasi Ventilated Improvéda®ine (KVIP) was developed as a modern version
of the traditional pit latrine. The KVIP is equigp&ith a ventilation pipe that ensures air circiolatin

the latrine through the chimney effect and a flseea which hinders flies to enter the pipe [Margo@)].

11
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Pit latrines are typical solutions for rural aresbere population density is low and toilet use is
occasional. For urban use they are rather incoeménbecause in high density areas the soil and
groundwater pollution is too high. Nevertheles4,%0) of the population in GAMA use conventional pit

latrines and (10%) use KVIP’s.

In general, pit latrines offer a good alternativewaterborne sanitation facilities. In Accra’s p@weas
water is expensive and standpipes are not in psacthat people have to buy freshwater from comialerc
water sellers. As the water is relatively expengind must be transported into the houses by haisl, i
too precious to use it for flushing. The crucialactage of pit latrines is that they work waterlasd in

this respect do not cause any daily operating c&tsrtcomings of pit latrines are the high initakts,
high costs of maintaining (paint, rust preventietg.) and high costs for clearing the pit by a wawu
tanker. Additionally, pit latrines do not apply fatensely populated areas like Accra, because the
infiltration of contaminated liquids into the s@il a high-density area would dramatically increthserisk

of groundwater and surface water pollution.

1.2.4. Bucket latrines

Bucket and pan latrines are the simplest way tiecohuman waste. The excreta drop from the toitet

a bucket placed in a small vault underneath tHettdihe vault usually has a door towards the ste
that it can be emptied from outside during nighteti This service is offered by private companisgha
municipality does not provide it anymore in orderehcourage the switch to improved facilities. Bbe
called "conservancy workers" usually carry the ageton their heads to the next collection (ces$pool
point from where it is transported by truck to Lagler Hill. As workers get into direct contact witie
sludge, they often suffer from diseases and ca$edeath are also common. For many years, the
municipality has been trying to eliminate thesedkimf toilets, particularly by subsidizing the uade to
KVIP’s and by banning the construction of new budkérines all over the city. Even so still a relaty
high proportion of households in Accra (9%) depamdbucket and pan latrines, but the number is
decreasing. Bucket latrines are not considereGpdicable sanitary solutions as they are neither
convenient nor safe. The risk of contamination vi#thogens is too high for the collector and fa th
user. The system is not even cost-effective. Timeiaincosts for excreta collection are higher coregao

the septic tank system.

1.2.5. Public toilets

The municipality tries to convince people to inistakir own private sanitation facilities, so thatblic
toilets would mainly be used by travelers, visitargl the high number of vendors, who come to work i
Accra every day. But in reality, many residents pigblic toilets permanently, because they canrfotcf
to build their own facilities at home. That expkiwhy 27% of the population declare public toilass
their own sanitation facility. Most toilets are &ied in the AMA district, close to busy public padike
markets and bus stations. There are about 15@ bbileks in the city, each block containing 20 seat
average.

The toilets are predominantly pit latrines and regularly cleared by AMA owned honey trucks. As the
public toilet facilities are insufficient regarditige size of the population lacking domestic tditedilities,
long queues are often observed at the toilets,cedjyeduring the rush hours. Therefore some pevat

12
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operators have recognized the opportunity to maeay in this sector and have set up self-constiucte
toilet huts. These privately run toilets are usuplbt urinals without any facility for defecatiotie to the
lack of a nightsoil reception tank. A hut normatignsists of two urinals (one for females and orre fo
males). The urine is usually piped into the opesirdr. Though they have no official admission and
compete with municipal toilets, the small businesa® tolerated by the officials. At the momengythare
still small in number, but they might keep spregdmthe city as one can make good money with publi
toilets. In the central part of Accra the commoa fer urinals is $0.05 per use and $0.15 for cotaple
toilets. With the intention to promote domesticiliies Accra’s policy makers have neglected public
toilets on purpose for a long time. This has leaa fack of facilities where they are badly needad
unsanitary conditions in and around the existingsor\dditionally, some people cannot afford to fay

a public toilet twice or three times a day. Manyetlers (12%) relieve themselves into the guttergor
other open spaces instead, which leads to thetjpollof open drains and an increased risk of pathiug
infections all over the city, especially in pooeas. Hence, as long as the majority in Accra linden
difficult financial circumstances and do not hake monetary means to build their own facilitieshlpu
toilets will remain an essential feature of they'sitsanitation management. To make people use the
toilets, the service must be offered at reasonatibes, which includes free toilets in the pooresas. A
functioning system of public toilets is an essdngia-condition for a clean and healthy city.

1.3. Wastewater transportation and treatment

1.3.1. Drainage System

Paved roads in Accra are typically flanked by cetedrains to channel the stormwater that runsgheff
streets. Whenever a road is built, a drain is caostd alongside, so that there is a well-estadtish
drainage network that corresponds to the road n&tafothe city. The channels empty into naturalevat
bodies, mostly rivers that arise from the hintedlamd disembogue into the ocean. The Odaw Rivbeis
most important natural drain as it receives ab0@b ®@f Accra’s stormwater. It runs through the diym
north to south and empties into Korle Lagoon, witiaek an artificially maintained opening to the acea

Almost all houses that are not connected to th&r@esewer system use the drains for greywatedisp
That means that washing water, kitchen waste andrwWieom showers and basins is directed into the
drains. It is a very convenient way to get rid ofygvater and it is tolerated by the municipalityo$tl of

the urban gutters are uncovered or just partly @mlen order to easily absorb high quantities of
stormwater in times of heavy rainfalls. But ther¢hgy are often abused for solid waste disposalingu
the dry season, almost all open drains are chokiil nvbbish. In areas where adequate sanitation
facilities are not available, open gutters alsovesédor urinating and defecating. This is particlylar
problematic, if the downstream waterused for irrigation by urban farmers. The situaii®even worse
when drains that are used for defecation fill ugwit is raining, because they are blocked withbisitn
Then streets are flooded with contaminated storemahich may cause diseases among the citizens. The
problem has been addressed by the municipalitynaadly built drains are now completely covered.

Assuming that all drains can be covered so thatne only used for channelling the greywater wpen
water bodies, the drains could serve as an inteointion for greywater disposal in Accra.
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1.3.2. Sewerage System and Treatment-Plants
Officially about 5% of the Accra Metropolitan Ar&aserved by a piped sewage water system

[Ghana (2002)]. This number is made up of many Emakivate networks that are not interconnected.
Hence each sewerage system has its own sepaitadrd plant, of which there are about 22 all dker
city. Some of the high class hotels like Goldenig totel, La Palm Hotel, etc. or military institatis

like Burma Camp or the 37 Military Hospital run budecentralized sewerage systems and treatment
plants. The largest sewer network is located incetral part of AMA, to the east of Korle Lagoon
(figure 6). It is the only public system in theycib which households can make connections. Theankt
was constructed and financed by The World Bank9ri3lwith a total length of 28.5 km [Porter et al.
(1997)]. Since then, it has seen only little maiatece and no extension. Though the network covers
almost 10 km? in an area of high population dengitpre than 10,000 houses) only 800 houses are
currently connected (0.27% of total houses in AcdrParter et al. (1997) give the following reasdois
such a low connection rate:

* most houses do not meet the standard for connection
« the rich do not want to connect, because they &rbave adequate septic tank systems
» the poor cannot afford to connect

Additionally the use of the sewerage network rezgiia waterborne toilet and inhouse water supply,
which is unaffordable or unavailable to most dwslle

Originally the network was not connected to a trestt plant. It only accumulated the faecal sludgenf

the city and emptied into Korle Lagoon. In 2000 Awera West Plant (AWP) was built with financiatiai

of the Department for International Development DFin order to treat the effluent of the central
sewerage system. It was designed to treat 16 00Dsi&idge per day, but due to the low connectide ra

it received only 5 000m3 [Obuobie et al. (2006)heTlow connection rate not only had a negative
influence on the financial but also on the technécestainability of the system. The treatment plaimat

was originally designed to treat the septage ofestimousand households for at least 20 years, broke
down in 2003, two years after it was handed oveh¢éomunicipality. The breakdown was mainly due to
the insufficient inflow. So today, the effluent thfe sewers is discharged directly into Korle Lagaod
from there it goes into the ocean untreated.

At present, those households who make use of thieatesewer pay 35% of the freshwater tariff to the
Ghana Waste Department (GWD), which is equivaler&:22 per m3 [Wonder (2007)]. There are three
more public treatment plants in Accra that areqorinected to a sewer. They are supposed to treedlfa
sludge from private septic tanks. The sludge isect#d and dumped into ponds nearby the treatment
plants by vacuum trucks (so called honey truckie Biggest plant is located at Achimota (250m3/day)
followed by Teshie-Nungua (80m3/day) and Korle Gm0Oms3/day) (figure 4).

A survey carried out by Ghana’s Environmental Rriide Agency (EPA) uncovered that only 6 of the 22
treatment plants in Greater Accra were functiona2@01 [Obuobie et al. (2006)]. In 2007 none of the
municipal treatment plants was operating.
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Figure 4: Sanitation Infrastructure and Marine Pollution ire@er Accra Metropolitan Area

The main shortcomings of sewerage based sanitati&docra are:
e aconnection to the system is too expensive fontarity
» for a significant percentage of households not ghauater
* is available for flush toilets
» the overall benefits of a sewerage system willbeotealized,
« if too few people connect
« the technical functionality of the treatment plaistat high risk,
« if too few people connect
- at the moment, there is a lack of know-how to nainthe system

Supposing that these problems can be solved inrefuta sewerage system might be a reasonable
sanitation solution for the central part of Accmahere housing density is high and new building
development has come to an end. Even if a certaictibn of the population will be served by a
functioning sewerage system in the city centreuturk, still an alternative safe sanitation solutie
needed for the majority, who live outside of thisa

1.3.3. Conclusion

In 2008 the sanitary situation in Accra is alarmikgery day almost 1000m3 of faecal sludge acanue i
the city, none of it is treated. Instead, about &% dumped on the beach and about 20% are digcharg
at the settling ponds of the broken treatment plamhich are already filled up. The Korle Lagooi &me
Odaw River, Accra’s main water bodies, are higtdiluyged with all kinds of wastes they receive frime
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city. The Odaw River is the principal outlet fot mdajor drainage channels and thousands of mieufafa
sludge are infiltrated into Korle Lagoon every dhsough the central sewerage system. In timesooffl

it occurs that wastewater from the lagoon is pudiak into the city, which is a big health hazadthe
population. The overall insufficient sanitary cdiatis in the city lead to an increased number oipjfe
suffering from waterborne diseases. Two of the Mfresfuent and most dangerous diseases are infestina
worms and diarrhoea, since they can lead to ddatfoti treated adequately. In 2004 in the Accra
Metropolitan Area (approx. 1.8 mio inhabitants) 88 7cases of diarrhoea and 6727 cases of intestinal
worms were reported [Lunani (2007)], and the numiifeunreported cases is presumably still higher.
Proper sanitary infrastructure could significamégluce these diseases.

But at present, lacking technologies inhibit thstétiation of a central sanitation system and igadée
policies have driven people to find solutions fobeit sanitation problems by themselves. As a result
many different means of sanitation are prevalerth@city, but none of them is safe, environmentall
acceptable and convenient. 40% of the dwellersomssite systems (pit latrines) and 60% use off-site
systems (sewerage system, septic tanks, buckigelsitr For 27% of the population public toilets dre
preferred means of sanitation and 12% relief thérasein bushes or on the beach. The choice of
sanitation is strongly influenced by financial mgam general, the rich use WC'’s in combinationhwit
septic tanks followed by KVIP’s, traditional pitttenes and bucket latrines in the middle and loeome
classes. The poor use public toilets when theyaffamd to, otherwise they have no other chance than
defecate in open spaces.

1.4. Agriculture and fertilizer use in Accra

1.4.1. Urban agriculture in Accra

Accra is located in the coastal-savanna zone, wisiéhrather unfavourable agricultural zone wittv lo
annual rainfalls of 800mm in average. Mean tempeeatvary from a maximum of 28°C in August to a
minimum of 24°C in March. The status of soil fetyilis described by low levels of organic matter1(®

- 1,7%) and also low nutrient contents of

5-90 mg/kg for nitrogen and 0,8-144 mg/kg for pHasps. Only potassium is available in sufficient
quantities of 14 - 470 mg/kg soil [FAO (2005)].recent years the increasing land value in Accré@sis
back urban agriculture as land is used for housingurned into commercial use. Nevertheless, urban
agriculture is still practiced extensively and @aymajor role in ensuring food security for thiy.cThe
production of vegetables and fruits within the atiows low transportation costs and fresh prodocts
the markets. In Accra, altogether 1,048 ha are odkivation within the city boundaries, of whi@80

ha are under maize, 251 ha under mixed cereal-afelget70 ha under palm and 47 ha under vegetables
(Figure 6.1). Urban farming is mostly practicedfamilies, often without the benefits of modern nueté

of production. According to Obuobie et al. (200 majority of farmers are satisfied with theirreags
and are not planning to quit their activities. Farsnoften cultivate small plots of 0.01 ha to OHa2
within larger farming communities where they progluegetables for commercial purpose. They sell
their products directly to market women who redylanme up to the farming sites. The farming sées
usually located next to a small river or stream ngheater for irrigation is taken from. Cofie et 2004)
state that about 80% of fresh exotic vegetabled @olAccra’s markets stem from these farming sites
that about 1000 farmers are involved in the pradactThe average income of urban farmers in Accra
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amounts up to $45 per month. Most urban farmerd\aBeK (15-15-15) fertilizers, which they buy in so
called agro-shops for $25 per 25 kg bag. Some fiaraqgply additional ammonium sulphate (AS).

1.4.2. Fertilizer Supply

As mentioned before, no fertilizer is produced ima@Ga. The whole demand must be covered by imports,
mainly from Europe. Year by year private compatieyg large amounts of fertilizer abroad and regell i
to wholesalers and retailers in the country. Th@ganies determine the import quantities, basedsin |
year's demands, whether conditions, policy envirentnand their own credit availability [Camara
(2006)], which makes the market rather inflexible fertilizer storage facilities are limited, demand
fluctuations are very hard to compensate.

The Ghanaian fertilizer market was liberalized @@1. Since then 4 private importers have estaldighe
the market, of which the largest (Wienco) holds entinan 50% of the market shares. Fertilizer is
imported by ship through the port of Tema and uguames already packed in 25kg or 50kg bags. Only
Wienco has facilities to bag imported bulks of ifexr. The bags are then transported inland atdi teo
wholesalers and retailers. The importers also wm wholesale stores. Some haweap agreements with
companies running larger plantains to exchangdifertfor crops (mainly export crops). In totahetre

are about 600 to 80@holesalers and retailers in the country, moshefrt concentrated in urban centers,
since the low volume of the fertilizer market makedlets in rural areas unprofitable [Bumb (2002)].
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Figure5: Fertilizer trade in Ghana (based on Bumb)

In sum, there is a well functioning supply systevhjch operates at low capacity and with no econemie
of scale. As a result the retail network in runaas is underdeveloped and farmers often havaveltfor
long distances to purchase fertilizers. The nekseation will show that the low market volume id no
due to a deficit in supply but to a deficit in dexdaThus, additional supply quantities (e.g. infoof
urine-based fertilizer) would not increase theilfieer consumption in the country (all other equal)

1.4.3. Fertilizer demand

The population of Ghana, and therewith the demandagricultural products, almost tripled from 6.7
millions in 1960 to 18.5 millions in 2000. A grovgrdemand for agricultural output normally induces a
growing demand for agricultural input factors lilegtilizers. Instead, the fertilizer consumptionGinana
shows wide fluctuations between 1960 and 2000 adialtis still on a relatively low level. The voluroé
agricultural production seems not to be the deteirgifactor for fertilizer use. Instead, externattbrs
like agricultural reform programmes, exchange fatetuations, fertilizer subsidies and fertilized &y
donor countries have a direct influence on the arnofifertilizer consumed.

Fertilizer consumption is generally low in GhanalFAO-study from 2003 revealed that every year 58 kg
of nutrients per hectare are removed by agricultieigure 6 shows nutrient balances for crops wigt h
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rates of nutrient removals. For most crops the arhaif nitrogen removed is highest, followed by
potassium and phosphorus.
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In 2005 31,500 nutrient tonnes of N-P-K fertiliagere consumed in Ghana, which corresponds to an
average of 5 kg/ha of cultivated land [www.unstabug]. The real natural demand (averaged
recommended fertilization for major crops times #rea of cultivated land) was 170 kg/ha, which is
about 34 times higher than the actual consumptiothe long term, such a large gap between natural
fertilizer demand and actual fertilizer input leadsa continuous loss of soil fertility and dedfigiyields,
which can already be observed in the Ghanaian wdginie. But why do farmers not use more fertilizer
which would increase their yields and sustain grélity of their land?

1.4.4. Constraints to fertilizer demand

Farmers generate output in terms of agriculturatipcts by combining their farming practices witpun
factors like seeds, water and fertilizers. Theijeotive is to maximize their profits, which mears t
generate the highest revenues with given optimalticosts. But this implies that the farmer is able
invest into the optimal amount of agricultural itgpat the beginning of the cropping season. Heeeith
needs to raise enough money by himself or to hdeguate access to credit. For most farmers in Ghana
none of the two possibilities apply.

In Ghana, farming is predominantly on a smallholgigsis and the average farm size is about 3 hdn Wit
such small farm sizes farmers usually are forcedptend their whole income on living expenses and
cannot save any money for investments. Hence,eabélginning of the cropping season farmers are not
able to bring up the optimal amount of fertilizezsen if they know they can increase their prdfitssuch
investments.
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Besides the ability to invest into fertilizers, there three more major constraints to fertilizes. UFirst of

all theinput/output price ratio (1/0) is relatively unfavourable in Ghana, because gf Hiertilizer prices.
The 1/0 shows how many kilograms of output a farmeist sell to buy one kilogram of fertilizer. While
outputs (agricultural products) are sold at doreesiarkets, inputs (fertilizers) are imported maifitym
European markets at higher European prices. This émsimport, transportation and distribution make
the fertilizer even more expensive. Gregory and BY&006) found out that these handling costs can
amount up to $ 3 for a 25 kg bag of N-P-K fertitizie West African countries. Hence, in many cases
fertilizer is just too expensive to make it a ptatble investment for farmers.

The second constraint is thégh risk Ghanaian farmers are confronted with. In Ghans tlean 1% of
arable land is under irrigation. The risk of cragiure due to too little rainfall during the croppiperiod

is very high. Additionally, there is hardly any fbprocessing industry or storage facilities forpsoso
that in years of good vyields prices for agricultypeoducts decrease sharply, while in years of ghou
food prices increase dramatically. Hence, at thggnméng of the cropping period, when farmers need t
make a decision about the intensity of fertilizeeuthey know neither about the quantities of their
expected output nor about the prices, which maketsithns on fertilizer investments very difficult.

According to [Camara (2006)] the final constraintfertilizer use is #ack of knowledge among farmers
about how to use fertilizer effectively. The quakind quantity of information available on fertdizuse
(composition, optimal dosage, application rate i) influence the farmer’'s motivation to purchase
fertilizer. Full information on the fertilizing eftt must also be available so that the farmer aetoulate
whether fertilizer use will be profitable or not Ghana, researchers perceive a substantially higgie
response and profitability of fertilizer use thamrfiers do [Kelly (2006)]. Scientists are convintieat a
demand close to the natural nutrient demand ofplhats leads to maximum profits, while farmers
perceive the actual consumption already as thenoypti.

The fertilizer market in Ghana is thin and undeedeped. The further market development is hindérsed
a dilemma. Because of the weak demand for fentlizeproduction inland would not be profitable and
regarding the import, no economies of scale careblized in transport and distribution. Consequentl
fertilizer prices are high, and in turn high priéezp the demand on a low level.

1.5. Linking EcoSan and agriculture in Accra

The situation analysis shows that there is bothanétary and a soil fertility problem in Accra. TEeoSan
approach may help to solve both problems. The agprallows building toilets that are independent
from sanitary infrastructure like sewers and waipes. Such flexible solutions are of special intpoce

in an unplanned developing city like Accra. In theaty safe sanitation can be realized without thedrte
invest into the decaying water supply system oo itlie sewer system. With their relatively low
investment costs urine diverting dry toilets carvees a safe and affordable sanitation solutiomaay
citizens. At the same time they provide the opputyuto recover nutrients from human excreta and to
make these nutrients available again in urban algmie. Recycling the nutrients in form of a cheaml
indigenous fertilizer could help to mitigate thél siegradation.

In the following, two possible EcoSan implementasicare discussed. The small scale implementation
considers the reuse of urine as a fertilizer omyfarming sites within the city boundaries of Accha
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that case the required amount of urine can be dafm@m public urinals only. The large scale
implementation implies that all citizens of Accreho currently do not have access to safe sanitagien
equipped with urine diverting toilets. The collaetterine then must be transported to farming siteb a
plantations outside of Accra. In order to evaludite economics of both implementations, the potentia
value of the collected urine is determined in thgtrsection.

1.5.1. Nutrient value in urine

In order to get an idea about the value and th#iZerg effect of urine, it is necessary to knoletexact
nutrient concentrations per liter. As the nutri@ahcentrations depend on the diet values for urine
produced in Accra are presumably lower than Eunogiearature values, since the average uptake of
nutrients via food in Ghana is generally lower timfurope. For example Ghanaians consume less meat
per capita, which causes lower nitrogen loadsénutfine. There is not much data available on tleezaye
nutrient concentrations of human urine in Ghana,fibst experiments within the “Respta-project’the
Valley View University (https://www.uni-hohenheineflespta) have shown nutrient loads of

« N=2,65¢gl
« P=02 g
+ K=0,83¢l

Based on that data the nutrient value for 1m? ofeuin Accra shall be calculated. Therefore thélizer
price per nutrient is needed. Drechsel and Gyi@B99) calculated a price ratio between the single
nutrients of N = 1.2, s = 3.3 and KO = 1 (based on international prices for raw mats)i meaning
that the price for N is 1.2 times the price foy(Kand the price for Ps is 3.3 times the price for K.
Breaking it down to elemental values the price

ratios are:
e N=1
e P=54
e K=14

Thus phosphorus is the most expensive element K\fertilizer, followed by potassium and nitrogen.
One kg of N-P-K fertilizer costs $1 and contain®d Hitrogen, 66g phosphorus and 125g potassium,
which is in price equivalents for nitrogen: 150¢5#4*66g + 1.4*125g = 681g. That means 681g of
nitrogen are worth $1 which is 0.15 cent/g of rgen. Taking the price ratios from above that makes
$0.79/g for P and $0.21/g for K. Multiplying theiges with the nutrient contents of one liter ofneria
nutrient value of $0.73 per liter or $7.3 per nsuiés.
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1.5.2. Small scale implementation

In order to estimate the amount of fertilizers ubgdirban farmers in Accra, interviews were carded

at urban farming sites in September 2007. Tablbokvs the average annual nutrient demands based on
the interview results. The corresponding amountegfuired urine for fertilization is calculated with
phosphorus as the limiting factor.

Table 2: Annual nutrient demands on farming sites in Accra

Size  Consumption kg/year urine m?

Location

N P K
Marine drive 3.6ha 251 76 143 380
Dzorwulu 15ha 1,047 315 594 1,575
Korle Bu 10ha 698 210 396 1,050
La 100 ha 6980 2,100 3960 10,500

According to the Accra Waste Management Departr@@rid m2 urine per year accrue in one public toilet
block containing two urinals (400 visitors per dag2 days opened per year). From this it follovet for
Marine drive 10 blocks are needed, for Dzorwulu fé2,Korle Bu 28 and for La 280 toilet blocks. The
urine tanks (500 litres) must be emptied evétyddy and the collected urine must be transportetigo
farming sites. De Silva (2007) assumes that withanboundaries of Accra emptying and transportation
of one m3 urine can be realized for $5.

Certainly, farmers will not be able to use the erat the time when it is delivered. Supposing urine
applied at least every two weeks, storage fadliiee needed for two week’s production which isuabo
4% of the annual production. For the calculatio® &re used which allows to outbalance possible
variations between delivery and application. A neadurvey carried out in 2007 showed that urinelmn
stored in polyethylene tanks for $5 per m? and .yelance a final price that accrues for the farnoér$
5.25 per m3 urine ($ 5 for transportation and $0dt storage) results. This is 72% of the nutrieadtie

of one m3 urine which is similar to the price okdty fertilizer with the identical nutrient compiasi.
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Figure 7: Urban farmingin Accra (Oubuobie 2006)

1.5.3. Large scale implementation

In this scenario EcoSan toilets on the househalel lghall be included into the calculation. As nieméd

in chapter 4 it is likely that those householdg tharently use flush water toilets are not williteggswitch

to the EcoSan system. Only households with presanttoilet, bucket latrines, pit latrines or KV#Pare
included. Under these circumstances 78% (2,940omsl) of the population in GAMA produce urine that
is collected for agricultural purpose. Assuming %i@€rs per person and year this makes 1,47 millign
urine per year, which is equivalent to about 4,&fthes of nitrogen, 300 tonnes of phosphorus a2i2l1,
tonnes of potassium. Taking an average ecologigalashd for nutrients of 70-30-70 kg/ha the produced
nitrogen is enough to fertilize 57,000 ha, the pimosus lasts for 10,000 ha and the potassium fasts
17,400 ha. Agricultural areas of that extent doexast within the urbanized area of Accra. Therefibre
urine must be transported to agricultural areag #Hra located 100km to 300km away. As the
transportation costs accrue to $0.5 per m3 perakimansport distance of 200km would raise the caofsts
one m3 urine up to $100 compared to a nutrientevalu$7.3. Additionally, the urine must be stored f
hygienization for at least one month, which leaxstorage costs that exceed by far the value péuri

If such largequantities of urineare collected, it becomes profitable to recoverients or to reduce the
volume in a local treatment plant and then trarspuoe product to farming sites outside the city. At
present, no such treatment plants have been sedbitstimations are hard to make. Considering onl
the energy costs of two treatment processes thatfyjdor Ghana N and P recovery by zeolite and
struvite production would cost $0.53 per m? urind &2.10 per m3 would accrue for steam stripping pl
struvite production. If for example a nutrient d@n was produced containing 100g N per liter, the
nutrient value based on Ghanaian fertilizer prisesild be $150 per m3, which makes transportation
profitable again. Thus, if urine is collected inge-scale, treatment processes present a feagitiben do
save storage and transportation costs and to @tk possibility to keep product costs below ttteial
nutrient value.
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1.6. Conclusion

Accra is a fast and uncontrolled growing city wttie majority of citizens not having access to safe
sanitation. Due to insufficient water supply andkiag financial means not more than 5% of the
population are served by a central sewer systemlsTio establish conventional wastewater treatment
methods in recent times have not been successtiuk lhan 95% of faecal sludge that accrues initle ¢
remains untreated. At best it is disposed off i@ ocean, otherwise it remains in the city e.gopen
water bodies, channels or other open spaces, whichuge health risk for the population.

At the same time, agricultural production on urli@ming sites is limited by insufficient fertilizarse.
High prices for imported fertilizers, high risks afop failure and insufficient knowledge of feiir use
keep the fertilizer demand on a low level.

Ecological Sanitation addresses both problems.h®@mhe hand it offers safe and affordable sanitatio
the majority of citizens. On the other hand Ecofrovides the possibility to recover the nutriemtsnf
human excreta and to reuse them in urban agrieutara cheap fertilizer. On a small scale basisrevh
urine from public urinals is transported for shdigtances (within the city boundaries) and stomdbt
more than 14 days, transportation and storage dost®t exceed the nutrient value. In case moreels
collected in the city, e.g. in form of additionalantities from private households, transport tanfag
sites outside the city becomes too costly. In ttede, nutrient recovery from urine using treatment
methods such as steam stripping or MAP-precipitaisonecessary to make long distance transportation
cost-effective. Further research is needed to ohiter the most applicable urine treatment method for
Ghana and to allow cost estimations for the treatrphants.

24



E _F Programme

(2002-2006)

Cl<Eimkl é A o
S TCH =

1.7. References

Bumb (2002An Action Plan for Developing Agricultural Input Meets in Ghana. IFDC, Muscle Shoals,
AL35662, USA, 2002

Camara (2006 0verview of the fertilizer situation in Africa, Blground Paper prepared for the African
Fertilizer Summit (June 9-13, Abuja, Nigeria), 2006

FAO (2005)Fertilizer use by crop in Ghana. Food and Agrigaltrganization of the United Nations,
Rome, 2005

Ghana (20022000 population and housing census, Ghana Stafi§ervice, 2002

Kelly (2006) Factors affecting demand for fertilizer in Sub-&am Africa. Agriculture and Rural
Development Discussion Paper 23, The World BankstWeton, D.C., 2006

Lunani (2007)Analysis of the public health risks of the urbaatev system in Accra by microbial risk
assessment. Master Thesis, UNESCO-IHE Institut¥\farer Education, Delft, The Netherlands, 2007

Mara (1996)Low-cost urban sanitation, John Wiley and Sons Etthjland 1996

Obuobie et al. (2006lrigated urban vegetable production in Ghana:r@ttaristics, benefits and risks.

IMWI-RUAF-CPWF, Accra, Ghana, 1 edition, 2006

Porter et al. (1997)The economics of water and waste in three Africapitals, Ashgate Publishing

Limited, England, 1997

Wonder (2007)Assessing the challenges of water supply in urB&iana: The case of north teshie,
Master’s thesis, Department of Land and Water RessuEngineering, Royal Institute of Technology
(KTH) Stockholm, Sweden, 2007

Yankson (2004Monitoring urban growth: urbanisation of the frin@reas of Accra, Department of
Geography and Resources Development, UniversiGhaina, Working Paper, 2004

25



r~ 522 = :
@“ 4'.( ‘ e Sixth
A = = Framework
SWITCH £ 7 proaramme
=3 (2002-2006)

2. Study on the Feasibility to Apply EcoSan Product s from Urine and Faeces in
Beijing's Agriculture

Keywords: Beijing, new sanitation systems, agrimat nutrients

Abstract

New sanitation concepts offer solutions to différdnut interconnected problems of today's and
tomorrow's world. They are designed to provide sader, while not wasting or polluting water
resources, and providing sustainable nutritiongeeisly in highly dense populated areas, by nutrien
redirection to agricultural areas.

In this study Beijing area was investigated in ee$pf the potential for new sanitation conceptse T
demand of nutrients in agriculture was evaluated eompared to the nutrient potential from new
sanitation concepts. Different scenarios of treatnadlocation and distribution were compared, based
data from population statistics, agriculture andewanfrastructure.

2.1. Introduction
Beijing is on a long term in urge for solutionsgtating sustainable water and nutrient infrastruectur

While in many small projects worldwide new sangatconcepts, such as ecological sanitation, preved
be a feasible solution, assuring safe water andawmgy soil fertility, the application on a largecale
asks for in depth investigations of details suchtrassport and distribution of the products of new
sanitation concepts. The applicability of the feitig products from these sustainable sanitatisiesns
has to be evaluated from case to case.

Additionally, large but highly dense populated arezquire preoperational feasibility studies. Qfihe
connection between water infrastructure and adtioeilcan be made, new sanitation systems will bring
the promised benefits of a sustainable solutioh gwibwing population and thus more and more nutrien
demanding agriculture and safe water. This linkvedl in the end the economical feasibility of thevne
sanitation concepts.

In the following work the agricultural demand faioducts from new sanitation concepts is evaluated f
the region of Beijing, China, as well as the fe#isjtto recover nutrients from human urine anddein
this area, and further to apply these productsesf sanitation concepts, the recovered nutrientshen
agriculture of Beijing's suburban area.

Following topics are evaluated and discussed:
» detailed information on the nutrient demand inrégion of Beijing

« nutrient demand in Beijing’s agriculture that cam folfilled by products from new sanitation
concepts (the terms 'EcoSan' and 'new sanitati@eras' are used synonymously)

« estimation of the influence of the extra transpatasystems for collecting source separated
wastewater products, and further for distributingm to the agriculture

» definition of a reasonable size of infrastructuystem that should be used in Beijing
» evaluation of the influence of future change ofylapion and agriculture for each system
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« development of reasonable target visions, and plessathways

* To answer the above questions, a model was gedelssed on data from population statistics,
agriculture and water infrastructure.

* In the scenario development focus was laid on gétncand phosphorous as nutrients only. It was
aimed to give an overview of the feasibility of &pation of the EcoSan concept, detailed
treatment technologies were not the main focus.

This study and model development is mainly basea pmnoject work of Shen Wang, master student at
TUHH. For more details, which can be found in harky please contact the institute of wastewater
treatment and water protection of Hamburg UniversitTechnology.
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Figure 2.1: Beijing’s Agriculture: arable land, Modified fronBJGHW, 200Y

2.2. Geographic and agricultural land distribution

The total area of Beijing is about 16.4 thousand &nd spread over 18 districts (Figure 2.1). Accuydi
to Beijing city overall plan (2004-2020) they cae Beparated in four different functional groups
according to the direction of future development:

e 4 core districts of capital function:
Dongcheng (DC), Xicheng (XC), Xuanwu (XW) and Chaeg (CW);

* 4 extended districts of urban function:
Chaoyang (CY), Haidian (HD), Fengtai (FT) and Sigghan (SJS);
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* 5 new districts of urban development:
Fangshan (FS), Tongzhou (TZ), Shunyi (SY), Daxib¥)and Changping (CP);
« 5 development districts of ecological preservation:
Mentougou (M), Huairou (HR), Pinggu (PG), Miyun (M¥nd Yanging (YQ).
While the importance of agriculture has decreaseithé last years, due to the development of tharurb
city of Beijing, in 2006 still 67% of the total ldnof Beijing was used for farming in general (1000
km?), 2,320 km of that was arable land (21%). Due to topograpisyridution of agriculture over the
districts is unevenBeijing Municipal Bureau of Statistics 2007
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Figure 2.2: Distribution of arable land in Beijing, 200B€ijing Municipal Bureau of Statistics 2007

Most of the agriculture is in the suburban areanels the new districts of urban development and
development districts of ecological preservationege 10 suburban districts cover about 92% ofdtad t
area of Beijing Beijing Municipal Bureau of Statistics 200%Vithin this area, the planting industry is
mainly distributed in the plains in the south eakBeijing, nhamely Daxing, Tongzhou, Shunyi, and
Fangshan where there is sufficient water supplg districts of Miyun and Yanging contribute alstota

to the planting industry, because the two mainrueées, Miyun reservoir and Guanting reservoir are
located there. Figure 2.2 shows the detailed Higinn of arable land in the different districts thie

region of Beijing.
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2.3. Agricultural background and Fertilizer demand

The nutrient demand in agriculture is dependinghantypes of crops planted. For this study mora &
different types were evaluated for each individdatrict. An extract from this and also the overall
demand is shown in Table 2.1.

Main products of Beijing’s agriculture are diffetetypes of grain (rice, wheat, corn, tubers/potstoe
soybeans, etc.), cotton, oil-bearing crops (maipbBanuts), traditional Chinese medicine (drugs),
vegetables, melons, forage, and flowers. Thereinsheown in Figure 2.3, grain, vegetable and forage
cover by far the largest part of sown area. From \tlew of quantity, vegetable enjoys the highest
percentage comparing to other main crops. Howenrdhe last 4 years, around 20 % of the production
output has been reduced, from 5.3 million tonsd@2to 3.9 million tons in 2006. Grain and meloaskr

the second and third. At the same time, there waraease of the grain output, from 0.58 milliong to

1.1 million tons between 2003 and 2006.

Table 2.1: Distribution of crop yield & nutrient consumptidiyr]

2003/2004 Grain Vegetables | ... N P K
Chaoyang 2.798 92.922 455 105 362
Fengtai 1.815 52.044 323 82 268
Fangshan 89.845 265.083 4.353 1.537 4,494
Tongzhou | 133.016 896.691 8.066 2.545 7.788
Shunyi 92.229 1.122.617 8.234 2.341 7.391
Daxing 122.795 | 1.310.324 9.572 2.692 8.459
Total 641.033 5.082.471 45.120 | 13.664 | 41.935

According to BJCTCC 2008 most of the arable land of Beijing suburb araa low to medium fertility,
mainly due to lack of organic fertilizer. The totgarly consumption of fertilizer in Beijing areash
reached 150,000 tons in 2004 and 2005, which egueds/erage consumption of 500 kg/hectare farming
land, and which is much higher than the averaghehational levelgJCTCC 2008 The average yearly
consumptions of pure substances were 80,000 tdrsgen, 12,000 tons phosphorous, 5,800 tons of
potassium, and about 50,000 tons compound fersliggGRI 2008. The main part (about 43 %) of the
total chemical fertilizer consumption was usedviegetables and melons.
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Figure 2.3: Beijing’s agriculture: Crops, Sown area for maingproducts 2004, Source: Beijing statistic yeaskbo
2005, In terms of quantity: Vegetable enjoys ttghbkst percentage (80%)

The average utilization ratio is 15 % - 20 % whinkans, that about 80 % of the nutrients are nartak
up by plants but lost from the system. The ratimigch lower compared to levels of developed coestri
where they can reach up to 60 %. To allow targéedization and to reduce over-fertilization,istnow
encouraged by the local governments to analyzecsoifitions prior agricultural use.

In the past 5 years prices of fertilizer were ommdilly increasing although there was a certainepric
control from the Chinese government to protectatpgculture production. In the beginning of 200& t
prices of urea and compound fertilizers have sutged 725 Yuan/ton (157 EU/ton) and 2,600 Yuan/ton
(236 EU/ton), respectively, for both an increasemadre than 30% year by yeaNdxtinsight 2008
Analysts attributed the price increase in fertilize international market fluctuations, increasedts and
China's lack of phosphorus and potassium resoufides.offshore price of urea in the Black Sea has
reached US$ 400/ton, 30% more than the year befor@hina the ex-factory price of monoammonium
phosphate has climbed to nowadays 3,100 Yuan/tmm ft,800 Yuan/ton early last yea€hinagate
2008.

All over China nearly 50 million tons of fertilizeare consumed, annually. By 2011, fertilizer pobidun
could top 63.5 million tons, according to China'saatidnal Agricultural and Rural Economic
Development. Of this, China hopes to produce 48anitons of nitrogen fertilizersarketoracle 200Y.
However, increasing energy prices are a large olesta

2.4. Potential, Objectives, and Scope

For applying new sanitation concepts, or improvihg existing one in the area of Beijing, there are
several drivers: There is a high urge to ease #dwere threat of water scarcity. The current water
resources can provide about 5 billiof/yaar. Due to the high overall water consumption gapita of
about 300 riyear (including losses due to leakages and othensppulation of about 17 Million people
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can be served. Since both, water consumption getacand population increased dramatically wittia t
last 10 years, new solutions to the water infrastme system have to be found.

Additionally developing industrial activities aredanding water and especially energy, both aspects
have to be included into new water respectivelytaon concepts.

China in general has a long history of using humsinial manure in agricultu@groecology 2008and
EcoSan pilot projects in inner-Mongolia and Shamngiaae high reputation. The high population density
facilitates collection systems of new sanitationegapts. On the other side hard and soft infraktrads
still missing to quite some extend.

The key questions now for this study were
* how to implement a new concept considering a switcbf costs
« whether or not the demand in agriculture coulddesped by products from new sanitation
systems
» the influence of the extra transportation system
» the efficiency of the type of system (decentralinedentralized)
» the influence of changing of population and agtim@ on the system
« and to develop a reasonable target vision

These questions were investigated within scenatév®loped for N and P recovery only. The type of
treatment technology was not matter of this study.

2.5. Methodology

The study consisted of six parts (see Figure Zidveas mainly based on literature research. Basddeo
available data, assumptions were made to deveffapatit scenarios.

The nutrient demand in agriculture and the potemtidgrient supply from a new sanitation concepts
(extracting nutrients from wastewater) were comgpdmeeach other in different scenarios. For setkcte
scenarios a transport and distribution model wasveld to come up with information on the energy
demand for transport only. This energy demand vss eompared to the energy demand for nutrient
recovery by selected processes. Finally withinresisigity analysis different parameters were varied
find out about their individual impact on the whalgstem.
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Data processing was carried out in Microsoft Exéetligital map was converted from the Beijing digjit
Map 2006 published by Sinomaps PRESS to an Auto@ddp, from which detailed distances were
derived.

For the modelling three main datasets were used.
* population and population distribution in eachritistbased on data from 2006
« overall crop production and planting distribution2003 and 2004
* AutoCAD map containing detailed distances
To answer the key-questions stated above, followtags were carried out:
« calculation of the potential nutrient supply froming and faeces produced in Beijing (Part )
» calculation of the nutrient demand from Beijinglgiaulture (Part I1)

In Part | (nutrient supply), two steps were invalyen one hand, the amount of nutrients availataen f
urine and faeces (without considering nutrientésssuring collection, transportation and treatmeste
calculated for a general overview. On the otherdhd#me realistic amount of nutrients for supplkitg
losses into consideration, was calculated for &rrtbcenario development. In both cases, the overall
amount of available nutrients and the amount i elistrict were calculated.

In Part Il (nutrient demand), based on the type @uhtity of crops planted in each district as aslithe
nutrient up-take rates of each crop, the demandutient for the agriculture in each district aru t
overall demand was derived.

In Part lll (scenario development) redistributioh rutrient was modelled based on the demand and
supply of nutrient evaluated in Part | and Il. Téfere, scenarios for different new sanitation syste
considering nutrients from urine and/or faecesevwmveloped for further evaluation.

After the development of the scenarios, a detaitadsportation system with distances and transport
volumes was derived in Part IV.
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With above derived information the two followingykguestions can be answered:
« Coverage of the demand of nutrient in Beijing’si@gture by EcoSan products
« Energy consumption by the extra transportationlivedin new sanitation systems

To allow a more detailed discussion of the toptesesl in the introduction, detailed comparisonsveen
the established scenarios and discussion of différansportation units were conduced in Part ¥inta
feasibility, energy consumption and other factots consideration.

In Part VI a sensitivity analysis of additional aareters, such as possible change of population,
agriculture and the connection rate of the totalytation in the EcoSan system was carried out.

Finally feasible target visions were proposed ia #md, and possible implementation procedures were
discussed.

Calculations were carried out based on data of latipn and average quantity of nutrients in urine a
faeces in respect to each district. As no reliatdkies of nutrient content were available for China
nutrient contents were converted froddiisson & Vinneras 200dased on different t food supply. The
urine volume was assumed as the same as the Eorepdéze while faecal mass was according to
(Feachem et al. 1983yhich was based on a Chinese study. The given sateeassumed for all people
in Beijing, regardless of the region being urbdg or suburban area.

Table 2.2: Nutrient content in wastewater

Loads Urine | Faeces
[kg/(p*yn)]
Q 456 @ | 91 ®
N® 3,5 0,5
p® 0,4 0,2
K® 1,3 0,5

@ Nutrient Content:Jonsson & Vinneras 2093
@1.25 L Urine/ (person*day): different sources, miew in (Tettenborn et al. 2005)

® Faeces mass for Chinese value: 91.25 kg/p.feeachem et al. 1983yalues differ compared t&inneras et al. 200651 kg
per capital per year

The data of population distribution is based on year 2006, from Beijing Municipal Bureau of
Statistics 200y In the main part of the calculation and scenddwgelopment, it was assumed that 100%
of the population was connected to a new sanitagi@miem. Nutrient losses during transportation and
treatment were neglected at first. These factone wecluded in the separate calculation for urind a
faeces later on. Quantities of nutrients of the lepmpulation were derived for each district.

More in depth details about procedures and assangptf above stated parts are givenWa(g et al.
2008.
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2.6. Scenario developments (here, focus on Urine on  ly)

For utilization of the nutrient potential from segiely collected human urine in Beijing’s agricuéutwo
different scenarios, -one more decentralized amdnoore centralized-, were developed. In the Scerari
urine is collected regionally by pipelines to sntedlatment facilities with 45 ffday capacity each, after
treatment, the products are distributed to the dehzaea. In the Scenario 2 urine is collected Hraes
way, but first transported to larger treatment fsamith 900 n¥day capacity each, which are located
further away from the city centre.

Collection MAP Steam
& Storage Precipitation Stripping

Figure 2.5: PrincipleSketch of scenario 1 and 2

In both scenarios, the treatment of urine was asduto be yielding nutrient extraction by MAP
precipitation for phosphorus recovery and steaipgstrg afterwards to concentrate Nitrogen.

In both scenarios, the local demand was first ey the local supply. The remaining surplus eats
and the remaining extra demand were consideregtistribution.

For nutrient distribution a central fertilizer wamise was assumed to be present in each disinier-|
district transportation was not considered. Thertista and the end point of the outer district
transportation as well as the location of the siplalhts were assumed to be in the middle of easthicdi

Both scenarios concentrated on nitrogen (N) andgarous (P) only.

Overall mass and volume and concentration chanfjélseoproducts during collection, transport, and
treatment were calculated according to the daf@ettenborn et al. 2005

Thereafter the supply situation of N and P in edislrict was calculated and the area of each datlec
point (according to 45 ffday volume), the number of required treatment ggl@large or small), and the
product volumes before and after treatment in adistrict were derived. The results were used for
determining the required transportation system.

The energy demand of the transportation systemdeased by diesel consumption per distance. The
direct distances from the AutoCAD map were convkeitdo real transportation distances by conversion
factors of 1.4 for transport within the eight mdistricts and 1.2 for the outer districts.

From the total quantity of product transport thenber of required transport vehicles was derived. As
transport vehicles trucks with 20 tonnes load vemsumed with a diesel consumption of 61 Litre @€r 1
km (average of loaded and unloaded touF$)r(2007.

According to the quantity of urine produced in ealt$trict the number of the required large treatimen
plants was calculated. The location of the largeatment plants in the second scenario was asstoned
be in the more rural areas. To optimize the plasitidution and reduce transport distances, capaais
varied between 100 and 130%.
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While both processes, MAP precipitation and ste&npmng were assumed to be located at the same
plant, the distribution of the final products wdarmed individually, according to the different deamd
situation of nitrogen and phosphorous.

In this second scenario, two different types ofnsmort vehicles were considered. For inbound
transportation (transport of the fresh urine frdma tollection points to the large treatment plantsicks

with 20 tonnes load were used. For outbound didfiobh (from the large treatment plants to the poddu
distribution points) trucks with 40 tonnes load &v&ised. The diesel consumption was assumed to be 61
and 82 Litre per 100 km (average of loaded andaddd tours)JTT 2007.

For the nutrient utilization from faecal matterexy different scenario was developed based on krgke
composting sites. Details can be foundWafg et al. 2008

2.7. Results — nutrient supply from urine and deman  d in agriculture

The potential nutrient supply from new sanitatiammaept based on the population derived for each
individual district is shown exemplary in Table 28 the example of nitrogen and the Core Distridts
Capital Function. This was done for all districesveell as for the nutrients phosphorous and patassi
The overview for nitrogen is shown in Table 2.4.

Table 2.3: Potential nutrient availability (exemplary showm fotrogen) from selected source separated waster wa
streams exemplary shown for the core districtsagital function of Bejing

Land* Popula_t|0n . N
N Density* Population
istri rea i
District (permanent) Urine Feaces total

(sg.km) | (person /sq.km) (person) (Mglyear) | (Mglyear) | (Mglyear)

Core Districts of

Capital Function 92 22.308 | 2.061.000 7.214 1.031 8.244
Dongcheng 25 21.744 551.000 1.929 276 2.204
Xicheng 32 21.063 666.000 2.331 333 2.664
Chongwen 17 18.220 301.000 1.054 151 1.204
Xuanwu 19 28.715 543.000 1.901 272 2.172

The nutrient demand in agriculture was derived thase the different types of crops, their individual
nutrient demand (see exemplary for different graind nitrogen in Table 2.5), and the crop intenisity
the individual districts.
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Table 2.4: Potential nutrient availability (shown exemplary fotrogen) from selected source separated waster wa
streams for the districts of Beijing

N
Population
District Urine Feaces total

(person) (Mglyear) | (Mglyear) | (Mglyear)
Core Districts of
Capital Function 2.061.000 7.214 1.031 8.244
Urban Function of
Extended Districts 7.736.000 27.076 3.868 30.944
New Districts of
Urban Development 4.247.000 14.865 2124 16.988
Ecological Preservation of
Development Districts 1.766.000 6.181 883 7.064
Total 15.810.000 55.335 7.905 63.240

* (Beijing Municipal Bureau of Statistics 200Thapter 3-4, Population Density (2006)

Table 2.5: Nutrient demand exemplary for grains and nitrogen

Year 2004® Year 2003? N
It Average
em Planted Total Planted Total Yield N Uptake N Need Avrage N
Areas Yield Areas Yield Rate® Uptake Rate
. (kg N (kg N

(Unit) (hectare) (ton) (hectare) (ton) (ton) Jton crop) (kg) Jton crop)
Grain total 154.491 701.789 141.344 580.276 641.033 18.262.797 28,5
Rice 822 5.033 1.615 10.058 7.546 22,0 166.001
Winter Wheat 39.136 202.562 35.789 184.097 193.330 30,0 5.799.885
Corn 93.535 435.120 75.207 321.990 378.555 25,2 9.539.586
Tubers 3.702 22.067 5.443 28.777 25.422 5,0 127.110
Soybean 13.625 29.805 16.442 28.243 29.024 82,5 2.394.480
Others 3.671 7.202 6.848 7.111 7.157 329 235.735

Table 2.6 is the summarized result of the calootafor the total supply and demand of nutrientha t
region of Beijing, without considering the nutridosses in collection, transportation, and treatmen

According to these results Beijing has a yearly alednof 45 million kg nitrogen, 13 million kg
phosphorous, and 42 million kg potassium, basedthen agricultural situation in 2003 and 2004.
According to AGRI 2008 in reality the actual yearly consumption of cheahifertilizer in 2003 and
2004 in Beijing was about 78 million kg nitroger2, rhillion kg phosphorous, and 6 million kg potassiu
Taking a factor of misuse and over-fertilizing d@frogen into account, and neglecting the importaoice
potassium in Beijing’'s agriculture, the resultsnir@bove calculation methodology are in a reasonable
range.
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Table 2.6: Nutrient potential of new sanitation concepts coragdo nutrient demand in agriculture

Nutrient potential Potential
Agricultural

Demand demand
Urine Faeces Total ] coverage

[mil kg/yr] | [mil kglyr] | [mil kgryr] | [milkglyr] [9%]
N 55 8 63 45 140
P 6 3 9 14 69
K 21 8 28 42 68

With urine and faeces as a sum, without consideaimg nutrient losses within process of collection,
transport, and treatment, there would be 63 milkgnof nitrogen, 9 million kg of phosphorous and 28
million kg of potassium available every year. Theseld theoretically cover the demand of nutrient

demand from agriculture by 140%, 69% and 68% redasdy.

15,000
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Figure 2.6: Potential N supply and demand in each individual district (idealized scenario)

However, when looking at the individual districis,is obvious that demand and potential nutrient

availability do not match, because of discreparfqyopulation density and agricultural land useristéy.

The potential supply is converged in the urban aitgl the demand is mainly from the suburban area
where agriculture is carried out. The districts @haoyang, Haidian and Fengtai have the highest
population, hence, highest amount of nutrients labkd for supply. Daxing, Shunyi, Tongzhou and

37



SEIMIL -
Al = = Framework
SWITCH _ gl il

=3 (2002-2006)

Fangshan have the highest demand of nutrient feir tagriculture (see Figure 2.6 exemplary for
nitrogen).
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Figure 2.7: Nitrogen demand in each district after coveragsupiply from own district

Table 2.7: losses, reduction, and final content of nitrogeth phosphorous after collection, storage, and treatm

losses / reduction content of final
during collection during by steam MAP- NH3-
and storage (*) | precipitation (¥) | stripping (*) | product | solution
Volume 96 % 4%
N 25% 3% 4% 68 %
P 5% 2% 93 %

(*) assumed respectively according. to (Tettenkatral. 2005)

In a next step detailed volume, mass, and nutdentent changes during collection and treatmenewer
calculated. Assuming fresh urine comprising 100%valfime and nutrients, Table 2.7 summarizes the
remaining percentage of the volume and nutrientezdrin both MAP and NHsolution, taking losses
during collection and treatment into consideratidmosses during transportation were neglected
respectively integrated into the collection andagge fraction.

The actual nutrient supply from each district aftellection and treatment was derived. In totaleraf
treatment, there were 38 million kg of nitrogen @nhillion kg of phosphorous available for agricué
use, which could cover 84% and 43% of the demahd. potential supply was opposed to the individual
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demand in each district, which is shown in Tab& Especially in the Core Districts of Capital Ftioe
little to no demand is facing a high potential dypphile in the outer districts the situation ise versa.
The extra demand/supply of nitrogen and phosphoobuesach district after utilization of the nutrient
produced in its own area was derived from thisFigure 2.7 the final result is shown exemplary for
nitrogen. A similar plot can be derived for theathutrients. Values below zero reflect a nutr&mplus,
which can be distributed to other districts witlyttér demand than the coverage by its own nutriéms,
inner-district distribution. As shown in the grapihe districts of Daxing, Shunyi, Tongzhou, Yangargl
Fangshan have the highest extra demand while Chgp¥#aidian and Fengtai have the highest nutrient
surplus. This result was considered as a main rfamioredistribute the nutrient in the scenario
development.

Table 2.8: General potential of nutrient supply and demandrgtary for nitrogen within the individual districts
Negative numbers show a nutrient surplus that ntels transported to areas with higher agricultdeanand

District cht)tt;rt]:z;t:gr?tly Demand Demand - Supply
[Mglyear] [Mglyear] [Mglyear]
DongCheng 1.310 - -1.310
XiCheng 1.590 - -1.590
ChongWen 720 - -720
XuanWu 1.290 - -1.290
ChaoYang 6.940 460 - 6.480
FengTai 3.850 320 - 3.530
ShidingShan 1.240 - -1.240
HaiDian 6.400 370 - 6.030
FangShan 2.110 4.350 2.240
TongZhou 2.130 8.070 5.930
Shunyi 1.710 8.230 6.520
ChangPing 1.980 1.870 -110
DaXing 2.190 9.570 7.380
MenTouGou 660 200 - 460
HuaiRou 790 2.160 1.370
PingGu 1.010 2.010 1.010
MiYun 1.070 3.300 2.230
YanQing 680 4.000 3.310

Two scenarios were developed, one with 439 smaditmnent plants (each with a capacity of 45 m
Urine/day) distributed according to the demandr{ade 1). Small plants were planed on the collectio
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and storage sites. The products would be transpditectly to the demand areas. The numbers oftplan
needed were based on the population of each diatritsize of the plant assumed.

Table 2.9: Number of treatment plants 8cenario 1 and 2

Districts Scenario 1 Scenario 2 Districts Scenario 1 Scenario 2
DongCheng 15 0,77 ChaoYang 81 4,04
XiCheng 19 0,93 FengTai 45 2,24
ChongWen 8 0,42 ShiJingShan 15 0,73
XuanWu 15 0,75 HaiDian 75 3,73
Capia Fumction 57 286 Extended Distrts 215 10,74
FangShan 25 1,23 MenTouGou 8 0,38
TongZhou 25 1,24 HuaiRou 9 0,46
Shunyi 20 1,00 PingGu 12 0,59
ChangPing 23 1,15 MiYun 13 0,63
DaXing 26 1,28 YanQing 8 0,40
Ecological
Uiban Development 118 590 pevelopment 4 245
Districts
Total 439 I 21,96

In the other scenario (scenario 2) 24 larger treatnplants with approximately 900°ntrine/day
capacity were spread out over the area ob Beifiimce there is no agriculture demand in the 4idistm
central city and to avoid nuisance impacts in viéens populated areas, all urine is transportecobut
these districts and treated in Fengtai and Chaoy@hg location of the plants was decided on an even
distribution within each district to optimize theollection, and on short transport distances. For
simplification the plants in the suburban area viecated directly in the centre of each district.

2.7.1. Scenario 1

In Figure 2.8 the distribution of nitrogen is rolygehown. After redistribution, all the remainingtrients

after inner-district coverage can be redistributethe further demanding districts. With inner-didtand

inter-district distribution together, 84% of théabdemand of nitrogen for Beijing’s agricultureutt be

covered by a product from urine (Mdolution). The demand of all the districts exc¥€pnqging, Miyun

and Huairou could be covered. Huairou, as it igshenvery north part of Beijing, was not consideied
the final redistribution.
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Figure 2.8: Product distribution Scenario 1 (small plants)uhesN

A similar distribution map can be drawn for phospmhs. Here about 45% of the total phosphorous
demand of Beijing's agriculture could be covereaiproduct (MAP) from urine.

By a calculation of the yearly total distance @ntsportation, the number of trucks needed anditszid
consumption could be estimated for Scenario 1. Assalt, a total number of 8.720 respectively 1.340
trucks would be needed for the distribution of azidllution and MAP product respectively. As a total
yearly consumption of diesel about 261,000 milliocan be estimated.

2.7.2. Scenario 2

In Figure 2.9 the distribution of a nitrogen protdfiom urine for Beijing's agriculture is shown for
scenario 2. Urine is transported firstly from thalection sites to the large plants. The products a
transported after treatment to the demand areas.
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Figure 2.9: Product distribution Scenario 2 (small plants)uhesN

In Table 2.10, the number of trucks, the yearhalt@ne-way transportation distances, and the diesel
consumption are listed. As a result, a total congtion of 1.53 million Litres of diesel was estimatier

this scenario. 90% of the consumption was for thegportation of fresh urine to the large treatnpdauit
since piping urine over longer distances did nansean option, and because of the relatively large
volume of untreated urine.

Table 2.10: Summary of the number of trucks and diesel consiompteeded for Scenario 2

Type of trucks | No. of trucks | Total distance | Diesel % of total diesel
(ton/truck) /times (km/year) Consumption (L) | consumption
Collection 20 216,900 2,248,000 1,375,600 90%
NH3 distribution 40 4,360 166,000 135,600 9%
MAP distribution 40 670 23,000 19,000 1%
Total 1,530,200 100%
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2.8. Discussion and Analysis

When comparing the energy demand for nutrient regovncluding transport from collection to
agriculture with figures for nutrient elimination a wastewater treatment plant added to energy nigéma
for fertilizer production, both according tMéurer, Schwegler, & Larsen 2003n both scenarios about
only 40% of the energy was required for transpod ieatment in a nutrient recovery system (sedeTab
2.11). The comparison was based on a total nitragesunt of 37.7 million tonnes and an amount 095.8
million tones of phosphorous.

Table 2.11: Energy demand for nutrient elimination at WWTP dodfertilizer production according tdVaurer,
Schwegler, & Larsen 2008 conventional system, Energy demand in Scerfaic? for transport and treatment

Energy. demand in Energy demand in Scenario 1 Energy demand in Scenario 2
conventional system
Nutrient
Fertilizer eli. Total Total Urine Product Total
. Treatment Transport
production at Energy [MJ/kg] [MJ/kg] Energy Transport Transport Energy
MIkg] | WWTP | [MIiyr] 9 g [MIyr] [MI/kg] [MJ/kg] [M/yr]
[MJ/kg]
N 45 45 | 339*10° | 132*10° | 884*10°| 133*10° . 53+10° | 1,35*10°
5,33*10
P 29 49 | 0,45*10° | 0,27 *10° 1,29%10° | 0,27 *10° 0,7*10° | 0,38*10°
total 3,85+10° | 1,59*10° 10,1*10° | 1,60*10° 5,33 * 10" 6,0*10° | 1,65*10°

Within the two scenarios the energy consumptiordeddor treatment and the energy for transportation
was compared. In scenario 1 only 0.63% of the &gy consumption were needed for transportation,
while in scenario 2 about 4% of the total energyded were needed for transportation.

When comparing the two scenarios with each othtecan be seen that with localized small urine
treatment facilities, the volume can be reducedndtecally on an early stage (96% volume reduction).
Thus, the numbers of trucks needed for transpdti¢aeceivers is much smaller than in scenaribh2.
number of trucks becomes relevant especially wheokihg at the loaded road infrastructure.
Additionally, the number of tours are smaller inesario 1, resulting in a 6 times lower energy
consumption for transport.

However, larger centralized treatment plants wiljog higher efficiency in the treatment process
compared to small plants. Also managed and operatio be controlled more efficiently, as only cierta
amount of people with good understandings and éxpeg of these system are required. For many
smaller plants, a lot of people need to be traiteeénsure a good operation and maintenance of the
system.

Additional affects including odour and psychologieaceptance of the people also would have to be
considered in the choice of system, especiallyiwithe districts inside the 5th ring, where the ciéntre
is located and the population density is very higbreover, most of the historical sites are locdterk.
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2.9. Conclusion and Proposals

Theoretically a large fraction (85% of N and 64%R)fof the nutrient demand in Beijing's agriculture
could be covered by fertilizing products from neawnisation concepts. This is quite interesting, sittee
agriculture in and around is supplying mainly beamga itself.

The two discussed scenarios both proofed to be mweegy (by at least a factor of 2) efficient tran
conventional system with nutrient elimination a¢ thastewater treatment plant and fertilizer produact
abroad (transportation costs for fertilizer transpor a conventional scenario were not discussed
although they might be high). When looking closetha two different scenarios, both revealed irdiiail
advantages. Scenario 1 with many small units shotted it is advantageous to reduce volumes at an
early stage to reduce transportation costs. Witly anfew larger treatment plants, as in scenario 2,
operation and maintenance is better controllabté ranst likely more safe. In the end a combinatibn o
both scenarios would be the ideal situation.

However, when thinking about realization of a neamitation concept obstacles come into mind. Since
Beijing already has an existing sanitation infrastiure, any new system would need to be implemielet-a
step by step. Some districts offer good boundanmyditimns for an implementation, e.g. a sanitation
system that needs to be renewed, and higher papuldensity to capture larger quantities with thens
effort, according toWang et al. 2008who discussed different implementation stratedies other aspect
would be to start from areas with high populatiad &Aigh demand for nutrients in agriculture atshme
time.

Further studies on the design of detailed logisgistems regarding frequency and the time point of
collection as well as the routes should be cawigtdo avoid adding too much additional transpairden

on the already quite crowded roads in Beijing, ey in the urban city. Education and trainingedeo

be carried out to enable the local citizens to pread use new concepts. Soft infrastructure shbeld
established to guarantee the safe and successfulise implementation of new concepts in Beijing. |
addition, further studies on the adjustment offtivection of the existed and on-plan WWTPs should be
made.

Overall this study was based not completely onabdéi and fresh data. Quite some simplifications,
assumptions, and educated guesses were necesshpyo@ulation development in the nearer future are
uncertain. Still, the outcome shows that thereugegsome potential in new sanitation concepts khic
seems to be worth to be further investigated aruleémented at larger scales than in the existingt pil
projects.

One of the big advantages of the new systems ieiiility over time and its adaptability to spic
local conditions.
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