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ABSTRACT

The capital of Lima, Peru, has about 8 million init@nts. Its population is growing in a fast pachis,
together with an annual rainfall of only 9 mm aing tscarcity of fresh water resources, poses péaticu
challenges on water and wastewater managementditicm to the fact that around 20% of the popolatbf
Lima is not connected to the sewage network, theuaof adequately treated wastewater is quite low.
Significant investments in wastewater managemewe Heeen made recently in Lima. Nevertheless, most
wastewaters collected are discharged into the vieceiwaters and finally the Pacific Ocean without
treatment. This contribution briefly outlines thppéication-oriented research project “Water supahd
wastewater in megacities of tomorrow - Conceptdvfetropolitan Lima (Peru) and elsewhere” (“Lima Wate
— Liwa™), which is co-funded by the German Ministf Education and Research BMBF. Later sections of
the paper then focus on the educational aspec¢tegdroject. “Liwa” aims at identifying and addnegsthe
most important of these pressing issues by an sisabf the situation, development of ideas and lain
adapted wastewater treatment and development gridrimantation of management concepts adequatedor th
particular boundary conditions. Partners from wasialisciplines from academia, the local water dpera
industry and NGO sector from Peru and Germany ameking together on a sustainable concept for
management of Lima, taking into account its specifimate conditions. Education of local operators,
authorities and citizens is crucial to assure swusbdlity not only during the project phase butoatsver the
next decades.
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1. INTRODUCTION

The capital of Lima, Peru, today has about 8 aiilinhabitants. Its population is growing in a fast
pace (annual growth rate of 2.1%), mainly by peopting from all over the country to the capital
and then settling down in periurban settlementss, Ttbgether with an annual rainfall of only 9 mm
and the scarcity of fresh water resources, posescyar challenges on water and wastewater
management in this emerging megacity. The city’sewenanagement situation is characterised by a
typical linear concept: Water is taken from somgereoirs far from the city and is then discharged
into the ocean after use. Although some reuse ténvaready takes place, motivated by the scarcity
of water resources, yet untreated or insufficierttigated wastewater is used for irrigation of
agricultural land and for watering of parks, possignificant health risks. In addition to the falcat
around 20 % of the population of Lima is not cortedcto the sewage network, the amount of
adequately treated wastewater still is quite lowgnfficant investments in wastewater management
have been made recently in Lima. Nevertheless, mastewaters collected are discharged into the
receiving waters and finally the Pacific Ocean with adequate treatment. Therefore, the current
situation still needs improvement.

12-14 September 2007, UNESCO Paris



International Symposium on New Directions in Urbané&¥&anagement

Fige 2 Irrigaion of green areas by Irries u'gmking

Figure 1 Each time the water
resource is becoming scarcer in \yater.

Lima

Image source for Figures 1 and 2: Ministerio dei&fida, Construccion y Saneamiento, Peru

These issues are addressed by the applicationt@digesearch project, funded by the German
Ministry of Education and Research (BMBF), “Watarpply and wastewater in megacities of
tomorrow - Concepts for Metropolitan Lima (Perudagisewhere” (“Lima Water — Liwa”). This
project aims at identifying and addressing the nmapbrtant of these pressing issues by an anabysis
the situation, development of ideas and plans obvative, adapted wastewater treatment and
management concepts which are adequate for thizyartboundary conditions in the context of
Lima. Particular emphasis is being laid on thestaunability under ecological, economical and docia
aspects. In this project, partniefsom various disciplines from academia, the losalter operator,
industry and NGO sector from Peru and Germany am&king together on a sustainable concept for
management of this megacity, taking into accounsjitecific climate conditions. Currently, the ialiti
phase of this project within BMBF's “Research fous&inable development of megacities of
tomorrow” research programmis ongoing, where an analysis of the situatiohiima is conducted
and first solution approaches are being developadall projects within this BMBF programme,
funding of this project is in two stages: after eelimninary phase of two years (2005 — 2007),
successful projects (subject to continuation ofrdsearch programme by BMBF) will enter the main
phase of nine years (2007 — 2016). More detailegldpment and refinement of concepts as well as
implementation of solutions will form the secondapé of the “Liwa” project. Funding applications
for this main phase are underway. The project basral closely interwoven work packages, one of
which is constituted by the activities on educatemd training, which will be described in the
subsequent sections of this paper.

2. OBJECTIVES OF THE “LIWA” PROJECT
The overall aim of this project poses great cingiés in research and application: It consistseén th

development, planning and implementation of corséptimprove the water supply and sanitation
situation in large conurbations, taking into acda@ahnological, environmental and socio-economic

! The “Liwa” project team currently comprises ofifilagdeburg (D), Pontificia Universidad Catélicd Ber
(PE), SEDAPAL (PE), Foro Ciudades para la Vida (FEalogik (D), Technische Universitat Miinchen (D),
IEEM at University of Witten/Herdecke (D), Siemea& (D), Hans Huber AG (D), and the Institute of
Advanced Studies on Sustainability (D). The profeaim is being extended to include additional paetn
including the National University of Engineering®éru. www.lima-water.de

2 Seewww.emerging-megacities.ofgr full details of BMBF’s megacity programme aredated projects
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considerations whilst ensuring appropriate publiartipipation and the consideration of all
stakeholders’ interests. The Metropolitan area iofid_has been chosen for a case study since it is
characterised by a number of features typical oérging megacities. Good cooperation with the
Peruvian partners (water company, NGOs and acadesadtor) and the relevant Peruvian
governmental institutions has been established.

In an initial step, currently undergoing and parstjects are being scrutinised, and conclusions on
yet open issues are drawn. Since one of the maats g the project aims at closing the water and
resource cycles within Lima, the development anglieation of modelling tools at different level of
detail, considering overall urban water fluxes s&adous treatment schemes, including their economic
aspects, forms one of the core elements of thiggrdviodelling allows for a better understandirig o
the complex interrelationships within the systeime, analysis of its sensitive parts, the developroént
appropriate strategies for improving the system anprediction of its future development. It is
obvious that, due to the complexity and the hetemegy of the system “Lima Metropolitana”,
adapted and individual solutions are required. @tfh the development of the concepts is not solely
based on the modelling part, the application of e®dforms a strong instrument for evaluation of the
concepts and their impacts on the system. In thigext, research is also being carried out on the
adaptability of treatment technologies to the Permueonditions and on development of “ownership”
of sanitation concepts. Furthermore, full-scalepsation and testing of various wastewater treatment
technologies is envisaged for the project’'s maiaseh

The project consists of a number of work areas)m@singinter alia of wastewater technologies,
economic aspects and funding options, social aspetd participation, modelling for decision and
participation support, education and training arnll @evelop and demonstrate its approaches on a
number of case studies. Education, training andagpbuilding activities are crucial for the susse
not only of this project, but also for the peridteathe project and the long term applicationywad
as for ongoing operational and financial improvetremd success of the concepts to be developed.
Therefore, these will be described in more detdsequently.

LiWa puts particular emphasis on wastewater mamage since the solutions obtained here (such
as the reuse of treated wastewaters) are expextedntribute to an improved water supply in the
megacity’s environment. Hence, the project addeetsefollowing main issues:

* Research of the potential of innovative wastewtigatment technologies

» Evaluation of the concepts under technologicallcggoal and socio-economic aspects

¢ Modelling and simulation of urban water systems

« Decision support for adapted water technologies

» Elaboration of realistic refinancing strategiesisidering revenues from international donations,
public budgets, water tariffs and the willingnessd affordability to pay

» Ensuring of communication and public participationhe decision making process

* Development of a prototype system

» Evaluation of concepts for data communication fatew and wastewater systems

* Development of a guideline document and recommétafor the implementation of innovative
systems, applicable for other cities too.

* Implementation of results

« Feeding of project results into research and edwcat Perd and in Germany

2.1 Technological Aspects
Traditional wastewater systems have been emplfiyreguite a long time. Their main principle is
the use of water as a means of transport not amljiduid wastes but also for solid matters. Along

with the discussion on more sustainable water mamagt concepts and principles these traditional
concepts are now being questioned. Along with dissussion often advantages and disadvantages of
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centralised and decentralised concepts have bemtatk(Harremoes, 1997; Otterpohl et al., 1997;
Butler and Parkinson, 1997; Ho, 2005; Orth, 2001 many others). Whilst the discussion whether
decentralised or centralised concepts are the m@yopeopriate ones is ongoing, the development of
new sustainable technological solutions is moserofbased on the concept of separation of the
different wastewater flows since this concept afidar the reuse and recovery of water and nutrients
Furthermore the general focus of today’s discusgoan the sustainable production of energy by
anaerobic treatment of particular compounds.

The project investigates the potential of différevastewater treatment systems and overall
concepts based on the mentioned ideas. Due tadhby ineterogeneous character of a megacity like
Lima, the concepts will have to be adapted andymated to each specific region, taking into account
the locally prevailing actual and future boundagnditions. Due to the integrated and adapted
character of the new concepts to be developedsdbial and educational aspect of the Liwa project
plays an important role in the development, evanaand implementation of the new solutions.
Although the project does is not preoccupied ta@sigeechnologies, the technologies to be evalliate
will include concepts such as anaerobic, fixed-be@mbrane, SBR, MAP and microbiological
treatment. Such systems are expected to have sadduantages, in particular for fast growing
megacities like Lima. The systems can be used istieg buildings and districts as well as in new
ones. Different concepts and system sizes of patdot various parts of Lima Metropolitana will be
tested within this research project. It is aimethatreuse of the treated wastewater in agriculfore
irrigation of parks or for industrial purpose. Tgeal of this project is to develop and to test »asi
types of this basic concept (differing, for examgig various layouts of anaerobic reactors, aerobic
composting, SBR, membranes, fixed-bed reactors) tandssess its feasibility, not only under
technical-environmental, but also under econome:stial sustainability considerations.

The main technical aspect of the project is taettgy new flexible, integrated and adapted concepts
of advanced decentralised, semi decentralised acdfuralised wastewater treatment concepts that
could also be adapted to different climates andeveaser compositions in different countries.

2.2 Assessment of Concepts

Having set up and tested various scenarios ofemader management, it is important to develop
and verify (applied to the case study) a lean nudlogy for the assessment and evaluation of
alternative concepts and technologies for water sardtation linked to all relevant restrictions and
criteria of wastewater in a megacity environment.

This task will be supported by the development apglication of modelling tools, considering
water fluxes and various treatment schemes, inotudiheir economic aspects — both on a
“microscale” (e.g. individual plants in detail) and a “macroscale” (main water and resource fluxes
within Lima Metropolitana). Section 4 comments olsa “water in a megacity” modelling tool .

2.3 Economic Evaluation of Alternative Options urithe View of Sustainability

Any economic evaluation which covers sustaingbifispects must consider alle( not only
monetary) costs, which are related to ecologicdlsotial aspects. A mere calculation of expenses fo
water facilities etc. would not be sufficient. Safeent costs (Life Cycle Assessment), externakcost
(and benefits) etc. will have to be taken into actoThese issues will be considered in an appatgori
work package, taking into account the specific d@ions and data of and for Lima, includimgter
alia the value of recycled water, the costs and benefitabour, the foreign currency exchange rate,
and the price of energy.

In order to overcome the difficulties with sustthie operations and maintenance of water and

wastewater facilities, which are clearly the batek of success in many regions world-wide, new
concepts of financing and refinancing, such asekample, a franchise model, are being analysed.
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2.4 Partner Communication and Involvement

Among the objectives of this project is to develappartner communication strategy, an
information exchange platform and a participatoegigion-making structure which will secure direct
interactions among all parties involved and a cfeaticipatory structure for designing scenariod an
technical-organisational solutions to the probleaiswater management. Outcomes will be an
instruction manual produced in co-operation withirmactors about implementation and required
changes for all affected groups and an ongoingipuodliations concept for the implementation phase.

2.5 Ensuring Social Acceptance

The scope and ambitions of fresh water supplysamitary management have increased, meaning
that sanitary management is engaged in technmeihlsand moral issues and affects more people than
it did in the past. These developments point tanareased need for public participation. In order t
achieve this in an effective and efficient mantige, following tasks are envisioned:

Involving local authorities, stakeholders and repreatives of the affected public in awareness-
raising measures and in a public participation @ssdhat can be monitored and evaluated,
Disseminating and documenting knowledge on leskzarat and about how to use and evaluate
participatory methods.

Empowering and enabling local partners to evaltiaeeffectiveness, relevance and usefulness of
different participatory methods.

w

. EDUCATION AND CAPACITY BUILDING

The main objective of the education programme as tfain students, technicians, other
professionals, employees and authorities in integrd participative management of water resources.

In Peru and especially in cities such as Lima,dkal population is often lacking awareness of the
fact that they live in a city located in the middiiean arid zone where the scarce resource is #terw
It is necessary to change the citizens’ habitgdleioto promote an efficient use of water in diled. It
is important to transmit the protection of the watesource through campaigns, TV programmes,
radio, newspapers and also make changes in cumicalf school and universities. The Peruvian
government has launched its ‘Programa Agua par@J dd/Vater for all’ programme) in the end of
2006 in order to tackle problems like insufficieatverage of water services, deficient sustainghilit
the existing systems, current tariff structure, ekhdoes not cover the investments, operating and
maintenance costs and institutional and financedkmesses.

With regard to university education, it has torla¢ed that, for many students, it is very diffictitt
do their thesis once they finish their studiesatuniversity. This difficulty is due to the fabiat most
of students cannot afford to embark on a researogrgmme (because they belong to families with
medium to low income) and they do not have the ghduowledge to start a project, possibly since
they do not have the access to information of adlilable technologies which could be applied.
Afterwards, there is a lack of specialised profasais, which not only know the main concept of
existing technologies but also have experiencegdexij and operating them. The LiWa project will
facilitate the application of more technologiesLima, which will enable students to improve their
training by including — besides other educationabsures - technical visits to the new projectsaas p
of the students’ curriculum.

3.1 Description of Education Programme

Important parts of the educational / professiatealelopment activities will be developed in close
coordination with SEDAPAL, the enterprise in chaode¢he drinking water and sewerage of Lima and

12-14 September 2007, UNESCO Paris



International Symposium on New Directions in Urbané&¥&anagement

partner of the Liwa Project. In addition, otheeas such as small towns in periurban locations,
highlands or the forest part from Peru should @isdaken into account since people living in those
areas usually get diseases originated by the sgafoivater or by water pollution.

In order to achieve maximum output and efficiefroyn this project, it also is planned to transfer
the obtained results from this project to teachimgl project supervision activities. Corresponding
curricula will be developed, also serving as a Hasdeaching activities elsewhere and, thus, also
supporting and enhancing the international scopenvfersity and professional development teaching.
In accordance with the “Agua Para Todos” progranuhée Peruvian government, the aim of the
project will also be to develop technical unifietrglards for dimensioning and operation of the
different kind of treatment plants.

Proposed trainings involve technical and professidevel and students from universities. The
basic topics involved are wastewater treatmenti@neuse, conventional and alternative concepts of
sanitation, integral and sustainable managemewatdr. Activities from the group will be done with
the contribution of other members from the LiWaject

All trainings are going to be prepared by a seléaroup of German and Peruvian specialists.
During the Period 2007 to 2016 the following tramé are expected to be done:

1. Six trainings given in the universities in the LiVWeoject, which will incorporate Liwa’'s results in
its curricula: design of wastewater treatment @aenvironmental management, environmental
solid wastes management, environmental impact sssed, treatment of industrial solid wastes,
technical for using of treated wastewater and putdalth.

2. Two annual trainings for SEDAPAL’s professionatdated to applied environmental management
of wastewater treatment plants (WWTP) and technesomvolving concepts of anaerobic, fixed-
bed, membrane, SBR, sludge treatment and pathegeoval.

3. Two annual trainings for main employees and autiesrifrom the Peruvian sector related to
applied environmental management of WWTP and wagtvireatment technologies.

4. One certified annual training for technical operat@f WWTP in Peru: It is suggested to
implement a variety group of trainings orientedsfmecific technologies feasible for different
towns.

5. One well trained net of WWTP’s operators of SEDAPAhd municipalities after 2008. It is
suggested to have periodic meetings of the rela¢¢ch order to update methods and promote the
improvement of their activities.

3.2 Milestones and expected results

The “Education and Capacity Building” workpackagethe LiWwa project is is expected to yield
the following results:

1. Undergraduate and postgraduate curricula relateBntoronmental Engineering courses of the
partner universities are going to be fed in witkMai's results and research applied projects.

2. Installation of trainings through partner univaéesit which are going to be offered by Liwa for
professionals, main employees and authorities.

3. Official and certified training for technical opéves of wastewater treatment plants (WWTPS).
4. Interchange at technical level between WWTP opesaib SEDAPAL and other water operators.

There is a strong need of trainings, which willdm¥ered. Those trainings will help sustainability
in existing WWTP, which most of the time collapsbdcause there was no or not sufficient
maintenance of the WWTP in many municipalities tedain Peru. In addition, the education
programme will help main employees and authoriiteselect the best WWTP’s Projects in the best
location.
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4. MODELLING

A core element of the project is also constitubgdmodelling. Modelling, i.e. the (approximate)
representation of the urban water system of Limardpelitana and its processes and interactions, is
carried out on two levels: Onraicro-modellingscale, individual parts of the system (e.g wastewat
treatment plants with conventional and innovateehhologies) are modelled in detail, so as to @assis
in plant design, layout and operation, thus suppgrimodel-based infrastructure planning and
important investment decisions.

A second line of model development work is focagsinmacro-modellingaspects, i.e. modelling
of the water and resource fluxes of the entir@annwater system of Lima Metropolitana, obviously in
a simplified way and allowing for transferabilityp tother megacities. Development of such a
simulator, including design formulas and means wfoiporation of capital and operational
expenditure, and fed with the data of the 44 quaud€éLima, is currently ongoing (cf. Figure 3).

Diocumertacién | Param | Consola | Libreria
Bloque barrio Del tipo liwa_quarter

(for more details se )
s

Parémeto _______________________ Nalor _________lunidad _______]
Habitante 3000 PE

Consurmn de agua por hab 02 mafdPE

Carga orgénica par hab y dia 0 g COD/PE d

Parametro financiero ______________Nalor__________lunidae_________}
Costos de canstruccisn por hab 200 $/PE

Costo aperativa por hab 10 $(PE Vear)

[ DU PR

up -

Figure 3 Initial prototype concept of macro-modsedliof urban waters in Lima Metropolitana

Macro-modelling of water in a megacity will henang for a number of purposes and thus forms an
integral part of various work lines within the LiVigaoject:

e Support of technological and economical evaluati@assidering the impacts on the entire
system

e Visualisation of effects of scenarios and operatiorariants; this will also support raising
awareness and creating ownership for innovativatisnls since the model can be used also in
stakeholder meetings and citizens’ fora. Therefodelling supports discussions between
stakeholders and thus strengthens participatopgroapghes in water management and
facilitates informed decisions, as also has bestupted by WBGU (2007).

e Support of education and training: Models, providgiudents (as well as professionals) with
the option to experiment themselves with poterg@ltions, also under varying boundary
conditions (e.g. climate change!) can contributettite learning process and educational
success and complements (static) textbook matgrialdynamic component.

5. CONCLUSIONS

Technological wastewater concepts alone cannotestile problems of megacities since the
problem is not solely of technological nature. Tremlbgically advanced solutions can be useful but do
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not constitute the sole prerequisites for moreasnable cities. Any technological concept for such
heterogeneous and complex urban systems suchisathé case in Lima or other megacities can only
make progress if engineers and all the other secoour society are willing to work together. This
involves the economical side as well as the satii@ension. All factors being influenced by and
influencing the urban water and wastewater cycletniie accounted for. Children must be made
aware of the importance of the resource water dimeg can naturally have a strong influence on the
situation in the future and in the presence (byrteng pressure on their parents). Women need to be
aware of the situation since they are usually #@pfe using big parts of the water in the household

Community members must be trained to be able tintain, adapt or even improve the
technologies and management concepts on a househadmmunity level. This work should be
supported and promoted by authorities in the ptghase and beyond.

Students, engineers and economists must be traindek universities and be made open minded
for new unconventional approaches and maybe ewsrjateprofiles and even new job trainings must
be created. Modelling plays an important role alghin this context. As reported by Wilderer (2005)
experience suggests that motivation of the usersis® new technological systems properly is
relatively easy, especially when modern participatpproaches are used and intensive education is
provided. The strong importance of the social lev@h full agreement with the rest of the engimnagr
community. Similar statements have been made byyrmathors emphasising the importance of a
holistic approach in order to reach a more susbéénarban water management concept (Harremoes,
1997; Jeffrey et al., 1997; Schertenleib, 2005;@wnd Parkinson, 1997; Wilderer, 2004; Rouse et
al., 2005; Asano, 2005; and many more).
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