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ABSTRACT In the main office building of GTZ in Eschborn, Geny a resource-oriented
sanitation system containing urine-diversion tasilahd waterless urinals is in operation since
2006. After 2.5 years of operating the systemrst fiverall evaluation of the system and its
acceptance amongst users and cleaning staff wakicted. The overall result is that most of
the users appreciate the resource oriented samitatincept (recycling of nutrients and water
savings) but have problems with the technical desilso, it is difficult to convince the
cleaning staff of the necessity of special cleammgtines. Hence, before such systems can be
widely spread, clear cleaning routines and maimeaalocumentations are required as well as
certain technical modification to ease optimise gkparation in the toilet bowl as well as the
change of spare parts of the toilet.

Keywords acceptance, resource oriented sanitation systemnces@ontrol, UD flush toilet,
urine diversion, waterless urinal

INTRODUCTION

The main building (“Building 1) of the GTZ headqtexrs which consists of four
buildings and is located near Frankfurt, Germangs wenovated from 2004 to 2006
after being in use for 30 years. As part of thisomation, principles of
environmentally friendly construction for the watmd energy management of the
building were included. This contained a urine safan system with 50 waterless
urinals, 25 source separating or urine-diversioD)Bush toilets, and a urine storage
tank of 10 m3 to allow the separate collection rfieL

The background of this ecosan initiative is desxibn SuSanA (2009) and the
objectives were to demonstrate the implementatibrsuech a resource-oriented
sanitation system, to reduce the amount of wated ws the GTZ building, and to
research important aspects for Germany such aalssameptance and reuse of urine
in agriculture. This third objective started now thun SANIRESCH, an
accompanying research project funded by the Gemmaistry (since mid 2009) and
was initiated by the former head of GTZ's ecosagpm, Christine Werner.

Operation of the system started in 2006 and thermpces gained since then with
user behaviour, user acceptance, and with the imdhtomponents are described in
this paper.

MATERIALS AND METHODS

Implemented technologies in Building 1 of GTZ headgaters

The urine separation system consists of:

- 50 water flushed urine-diversion toilets for theteviess collection of urine
(“NoMix Toilet” of Roediger Vacuum). The toilets & two compartments for
urine and feaces respectively. The urine is caldaindiluted by means of a



valve located under the toilet seat, triggered wihentser sits down. This toil
consumes about 14Zor the urine flush and-6 | for the solids flushFigure 1).
v. Minch et al(2009) describe this toilet type in more detail.

- 25 waterless urinals equipped with a paten“flat rubber tube smell stop
system of theCentauru model of the German compaKgramag(Figure 1), for
further details on the mechanism see v. Minch aaitthib(2009

- 4 x 2.5n PE urine storage tanks located in the undergrouard park of
Building 1.

Figure 1. Left: UD flushtoilet and itsschematic side view; rightvaterless urine

The toilets and urinalare located in the core of the build in the restrooms close
to the canteen and the large meeting rc (Figure 2).In the wings in each floc
(aside the top floor) are bathroom equipped withvemtional toiletsand urinals
available. Hence, persons working in the buildimgabdaily base have the che
between the two different optic aside those in the top floor where bathrooms
only located in the core sect. The usage is that of typical office building whiist
mainly frequented from Monday to Friday fronam to 5pom. On average arout
120 lof urine is collected per d¢
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Figure 2: Schematic design of ttrestroomlocations at an average flc of the 10-
storey building which is douk-Y shaped.

User surveys with gqiestionnaires

Two user surveys wergndertake since the operation started 200¢. The first one
was carried ouin September 2008 to evaluate generalacceptance of the toilets
the users. The secomairvey was performed in May 2009 and hadmore specifi
focus on toilet hygienessuesas a result of the earlier questionnaire.



Both surveys were conducted electronically (using tebsites Surveygizmo and
Surveymonkay). In the first one, about 900 GTZ eaweks working in the
headquarters were contacted independently of tféoe location within the four
GTZ buildings at this site. All contacted employessre employed within the
Department of Planning and Development, which isZGTdepartment for the
worldwide technical support of its programs. Thegfionnaire took approx. 5 min to
complete. Apart from statistical parameters abdwt ¢mployees and the general
perception of reuse oriented sustainable sanitatystems, it covered topics of toilet
design, hygiene, odour, ease of use and reuse.

The second questionnaire (in May 2009) was focussetiygienic aspects and an

improvement of the hygienic situation. This questiaire was sent to only 50 GTZ

employees, whose offices are located close toabpective restrooms in the core of
Building 1 (Figure 2). This selection was donedous on employees who use the UD
flush toilets and waterless urinals daily. It wasidned so that it could be answered
within 3 min. Apart from statistical information cu as distance to the toilets,

regularity of usage, age and gender, the questitet to determine what measures
could encourage users to sit down on toilets inféioe building.

Attitudes of cleaning and maintenance staff

The cleaning staff (employed by an external senpoevider) and GTZ facility
management staff were contacted regularly in cdaioreavith user feedback and
technical problems. As the waterless urinals and fuBh toilets were new, the
personnel had to find out how to maintain the systln fact, it took some time to
discover the crucial aspects and to rectify teciimpecoblems.

RESULTS AND DISCUSSION

Survey 1: Employees’ views

In the first survey 24% of the contacted employe=ponded (218 of 900 people).

53% of the people were within the age of 30-50 ye80% were younger, and 20%
were older than 50 years. When comparing the UBhflinilet and the conventional

toilets regarding optical appearance, cleanlineskur, and ease of use, results
showed that the majority of the participants fakttthe cleanliness of the UD flush

toilets and odour of the urinals were worse (TableThe conventional toilets were

rated better in almost all parameters (Table 1% %2 respondents mentioned that the
UD flush toilets have problems with flushing, an8%4 stated that it needs two or

even more flushes after each use (12% of resposident

Table 1: Parameters used for measuring of the users’ aueptby comparing the
source separating with a conventional system. Nusndfgow percentages (%) of total
answers (218) for toilets and (88) answers of théerarinal users.

Perception UD flush toilets Waterless urinals Both
compared to  Optical Clean- Odour Optical Clean- Odour Ease of
conv. system appearance liness appearance liness use
Better 12 5 7 17 14 8 5
Same 76 45 61 77 52 32 57

Worse 12 51 32 6 34 60 39




When asked for their private decisionlmost 50% or respondenssated that the
would move to a flat wittUD flush toilets whilst27% are not sure and 25% wol
not. 17%would even pay a higher pridor buying such an apartme(40% maybe
and 43% not)Asked abouthe waterless urinal87% would support that other GT
offices install waterless urinal41% had napinion and 22% would not supp such
measures.

Although the technicdunctionality and hencacceptancef the UD flush toiletsis

not good, aemarkable 90%of the participantsire positive towards t idea to collect
urine and faeces sepaigtérom each other and to use them as feetilia agriculture
71% would even buy crops which have been fsed with human excrefaccording
to WHO guidelineWHO, 2006).Evenmore people (82%) would buy nc-edible

products which have been feised with human excretd&/hen asked for their opinic
if urine shoudl be allowecas fertiliser for organic agriculturd5% agred and 42%
might agree while 12%do not support this conce. On a personal level,ne third of
the participantsvould use andurther 39% said they might use wiror their owr
balcony plants.
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Figure 3: User opinions regardil the resource oriented sanitationGTZ Building 1
according tdSurvey 1 (total of 218 participant

The reactions for acceptance of food fertilisechwitineis in line witt other similar
investigations. Muskolu(2008) interviewed inhabitants in Berlin as well @soplc
with an agriculturabackgroun, and 626 of both groups stated that they would |
food produced with urine as filiser. Also in Switzerland, 7 of different use
groups (also partiallysers o UD flush toilets) consider these techniques as a ¢
idea and 86% wouldvenmove into a flat equipped with such a concept (ereret
al., 2006; Larsen and Lienert, 2006). This is a Imhigher percentagean found in
Survey 1 undertaken &TZ andis most likely due to technicand maintenan
problems (see below).



Survey 2: User views regarding sitting on toilei

This survey investigatethe enhancement of thieygienic perception by the us to
encourage them to sit on the toilAge distribution of the participants was similai
Survey 1, andl0% of therespondents were female and 60% makeonly 25 peopls
responded (out of 50 approached) the survey reatdtaot necessarily representa
but provide a general ide52% of respondents said that they useduBeflush toilet:
on a regular basis.

They employeewere asked whichygienicdevices they would prefer entice them
to sit on the toiletSitting isnecessary in order to activate the urine valveefotise
urine flows to the faeces section and mixes witn bnownwater Almost 50% of
respondentgvould prefer disinfection spr which is applied with toilet pap to clean
the toilet seat, 8% woulidvcur paper covers and 35% other deviddse respondeni
stated that they wouldpply these hygienic devic eitheron a regular bas (26%),
only if the toiletswere not clean (219 or not at all (17%).

The participants weralso asked if they would silown on the toile if the above
mentioned hygienaleviceswere available reésults summarised iFigure 4). The
guestion was a restatement of the earlier onesd®ive more precise information

users’ attitudegsowards sitting on a public toi. The resultsconfirmed that mos
users would prefer disinfection spray (£%) or a paper cover (48), and 35% of
users find it sufficient to u: toilet paper used as cover (35%he willingness to sis

52% of respondents if they had a disinfectionay available compared to only 17
of respondents if no hygiene device was avail
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Figure 4: Survey2 results: Employee willingness to siton the UD flush toilet i
certain hygienic devices were provided (at the mameone of these are provide
Total number of respondentsas 25.

These results on attitudes regarding sitting orlipudilets areinterestin¢and should
be researched further since they relate to uspastly irrational) fears of “catching
disease” when sitting on a public t¢ Thefindings from the small Survi 2 are in
contrast to earlieriridings in Switzerland where % of the respondents statthat



they are willing to sit when it is required (Larsand Lienert, 2007) — although there
is naturally a major difference between toiletb@me and toilets outside of the home
environment. The monitoring of the system instailedhe Eawag building (Zurich,
Switzerland) has not shown discrepancies to thasestent so far (Goosse et al.,
2009). On the contrary, it seems that female usetbat building tend to flush the
toilet while sitting which causes dilution of thene with flush water.

Technical problems and solutions

Experiences with waterless urinals

In the beginning of the operation in mid 2006 itsWaund that urine accumulated on
the ground underneath the urinals. Further chebksved that the urinals had sunk
slightly down (only a few millimeters). As the disrge pipes were fixed in the wall,

this resulted in pressure on the joint where tleeupipe is connected with the urinal.
Due to this pressure a gap developed between the and the urinal, and urine

leaked to the inner part of the urinal and downdb#et pipe. Bad odor occurred as a
result of this small vertical movement of the ulifthis might be a reason for the

worse perception of waterless urinals (stated b9 6&f respondents, Table 1)

compared to conventional ones conducted in Suryeidnce, the screws need to be
checked regularly to prevent vertical movementh# trinal (it has not occurred

again since that initial event).

To avoid odor problems with the waterless urinaféeent cleaning agents were
tested. Best results were achieved with thi “Aktivreiniger” of Urimat. This is an

environmentally friendly cleaning agent with micialbgically active ingredients.

Furthermore, a permanent deodorant air diffuseringtalled in the toilet room in the
first floor.

There is quite a high turn-over of cleaning staffpéboyed by an external company
who is responsible for the cleaning in the GTZ tais in Eschborn. As a result, the
urinal sieves and smell stops in some of the resteowere not cleaned for many
weeks or even months. This led to the accumulabionrine precipitates, well as

pubic hair and slime deposits which then causediodmblems. Thorough cleaning
staff instruction and supervision is crucial butfidult due to high staff turn-over.

Even for the (in Germany) quite widely spread wats urinals, awareness raising
and training is still required for the cleaningfstahen they are not familiar with such
urinals. Additionally, Keramag introduced an impedvdesign for the smell stop in
2007 which has less dirt accumulation and is easielean.

Experience with the urine-diversion (UD) flush toilets

The installed type of UD flush toilet has two maiaaknesses:

1. Design of the bowl: Toilet paper thrown into tfient part of the bowl (urinal
section) is not flushed away with the small urihesth and hence more than one flush
becomes necessary — negating the possible watargsaffect. And even for the
faeces sometimes 2-3 flushes are required. Sirfindings were reported for the
installations at Eawag: in 17% of all cases a sédarsh was necessary (Goosse et
al., 2009).

2. Urine valve: The valve on the urine pipe canlgetked over time (Figure 5). In
this case, urine is no longer collected separdietyflows to the faeces section of the
toilet. Or it can result in the fact that the vab@es not close anymore, causing odour
problems in the restroom and dilution of the uriflerefore, the cleaning staff needs



to carry out preventative maintenance which caddree by adding citric acid to the
valve once per month that remains there for 24 $i00ur experience showed that if
this maintenance is neglected, these valves stokingpafter approx. 2 years of use.

- _
Figure 5: Left: Soft urine precipitations inside a urine wal Right: the same valve
after cleaning soaking in citric acid for severays (source: L. Ulrich, 2009).

Low nitrogen content of the collected urine

Low nitrogen concentrations were observed in theeurollection tanks at GTZ: With
2,800 mg 1 the measured nitrogen concentration for the storie is two thirds less
than typical literature values for pure urine of0®) mgT (Meinzinger and
Oldenburg, 2009). The main reason for this is pobpthat nitrogen loss occurs in the
form of ammonia gas being emitted through the tawentilation system, which has
also been reported at the Eawag building (Goosak, &009). Urine tanks should not
be ventilated, only pressure equalized (v. Minclalet 2009) but in this case, a
10 mm vent pipe from the urine tanks goes all they o the top of Building 1,
causing more ventilation than desired. It is alesgible that the urine is diluted with
flush water if users flush while being seated dahé& urine valve is broken.

Recommendations for maintenance

Based on the three years of experience, now tHewimlg maintenance routines
(supervision that they are really being adherets twrucial and not always easy) are
recommended:

» Every evening the waterless urinals have to benel@éwiped down manually).

* On highly frequented toilets (on ground floors e€lo® canteens and meeting
rooms) additional cleaning on an hourly base i®meoended using a wet cloth
and subsequently spraying the detergent contafraggant substances as well.

* The smell stops (flat rubber tubes) have to bertaka daily and cleaned with
detergent and rinsed with water.

» As the rubber of the smell stops fatigues and #stexks together, the smell stops
have to be replaced about once per year.

* The daily cleaning routine for UD flush toilets iis principle the same as for
conventional ones although it is more time consgnnclean away faeces stains
due to the more complicated bowl design.

» For precipitation prevention the urine valve netalde soaked once per month
with citric acid for a period of 24 hours. Thisdene by filling 200 ml of the citric
acid into the open valve (seat pressed down to tperalve).

* Annually, the functionality of the urine valves sk be controlled and once per
year clogged valves should be cleaned or replaced.



CONCLUSIONS

The overall result from the user surveys is tha tisers appreciate the resource
oriented sanitation concept (recycling of nutriesmsl water savings) but are unhappy
with the inconveniences caused by the technicalgdesf the UD flush toilets.
Furthermore, it was shown that a crucial pointdeers is perceived or actual toilet
hygiene: People’s willingness to sit down on thiietacould be raised significantly if
disinfection devices were available.

For a wider acceptance, further technical developgiroéthe UD flush toilets would
be necessary. A high turn-over in cleaning staff @eammunication difficulties makes
it difficult to communicate the necessary cleaniogtines which take a little bit more
extra time and are new for the cleaning staff. leeihefore such urine-diversion flush
toilets can be widely spread, clear cleaning anshteaance routines are required.

On a positive note, this demonstration and reseganciject has attracted wide
attention for the ecosan approach within GTZ (impating development
cooperation projects worldwide) and outside of GEAch year, many international
delegations and student groups take part in guideds of the installations, which
raises their awareness about resource orientethBanisystems.
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