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APPLICATION OF DYNAMIC GENERATION COST
FINANCIAL ANALYSIS METHOD TO DESIGNING
OF SANITARY SANITATION SYSTEMS

IN RURAL SETTLEMENTS

Several problems encountered during rural sanitat&signing are caused by: low
population density, spatially dispersed developméw volume of discharged
sewage, high inequality of outflow and limited firzdal resources of rural com-
munities. Thus, the financial and technical analysinducted during concept de-
signing becomes required. Recently, in connecticimtestments co-financing by
EU founds, the method of financial analysis, Dyna@eneration Cost (DGC) has
gained the growing popularity. This paper presémesDGC method as a manner
of investments financial assessment, its advantagdsdisadvantages as well as
the attempt of its practical application in obtamithe optimal environmental ef-
fect.

1. Introduction

Sustainable development as a multidimensional qg@rmesents three ma-
jor priorities: ecological sustainability, econondievelopment and social justice,
both among the subsequential generations and imsidegeneration [19]. The
social justice among subsequential generations sneseting the needs of the
present generation without the compromising thétglaf future generations to
meet their own needs [22]. The above means firatioproduction and delivery
of drinking water and conduction of treatment ofiage, thus ensuring the basic
needs of population as vital needs of a biologsc&lety, and limiting the dege-
neration of environment as securing the societes fthe current and future
risks [10, 11]. The degradation of environment iegdo pollution of available
aquifers reflects in limiting the accessibility wfater sources for current and
future generations. The limited water resourceqatenly dependant to natural
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precipitation or surface and ground retention s @& the pollution by prod-
ucts of human domestic, agrarian or industriavé@s [6].

Meanwhile, the current data presented by Polishir@eStatistical Office
concerning the development of centralized santatiorural parts of Poland
show that only 24.4% of rural communities populagioby the end of 2008, had
access to centralized sanitation systems. The length of sanitation systems
constructed in Polish countryside was at the end00B8 equal to 37 011.1 km
and transporting 114 154.4 diyear" of wastewater generated by population of
3 047 160 people. The sewages were transferre@816 tunicipal wastewater
treatment plants of total capacity 4 302 516 RLMe Tensity of sanitation net-
work in countryside, equal to 18.6 km versus 10km comparison to water
supply network density 74.3 km vs. 100 %may be described as insufficient,
however one may note the positive changes since [£99

The rest of Poland’s rural population uses deckr#ih methods of waste-
water transport and treatment covering individuainthge sewage treatment
plants, septic tanks of uncontrolled sealing quadihd ordinary infiltration
tanks. The risk for local surface water, groundwated soil environment is
obvious — e.g. values of well water pollution irat@rs reported by Jaszczynski
et al. (2006) [3]. Thus, sustainable developmerruddl areas requires sustaina-
ble wastewater management [5, 24]. Developmentnfralized sanitation sys-
tems may also improve the economic situation araditywf life of rural popu-
lations by increased productivity, developmentawfal trade and services, tour-
ism or industry — the basic Sustainable Developrivaitators (SDI) [4, 8, 10,
11].

Yet, development of sanitary wastewater systemsuial settlements en-
counters many problems resulting from: low popolatdensity, spatially dis-
persed development and, finally, limited finana@$ources of rural communi-
ties. According to the limited financial resouradsPolish countryside its mod-
ernization should be supported by EU co-financimgnfls [4]. Then, economic
analyses of conceptual designs required by theeimghting institutions of
EU’s grants become necessary. Economic assessrasrdalso described as one
of main factors of sustainable water and wastewatsragement [10, 11].

There are several different methods of financiallgses applied to design-
ing of water and wastewater systems, the most pomrbups of methods are
[21, 23]: Cost — Effectiveness Analyses (CEA), Go&enefits Analysis (CBA)
and Multigoal Analysis.

The Dynamic Generation Cost is a method conceroasgs and effective-
ness of the investments (CEA). It was developedagpdied in co-financing of
environmental investments by German Bank KfW [9]. 15was also used by
Landerarbeitsgemeinschaft Wasser (LAWA) founds staiadard tool. Then, the
DGC method was adopted in Poland and advised aaim@ tool of economic
effectiveness analyses by Polish Ministry of Regldbevelopment [9]. Nowa-
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days its application to feasibility studies is regd by most of Polish imple-
menting institutions of EU founds (e.qg. [7, 13, 18, 25]).

The DGC method is based on comparison of totalodisted costs¥CT)
of investment and its discounted revenues (inceaieR). This means that total
discounted value of incomes higher, or at leasakda the discounted costs of
the investments is required to ensure profitabdityhe investment.

DR= DTC 1)

The total discounted costs of investment may beutated as follows:
2)

where:IC; — investment cost in given ye&C, — exploitation cost in given year,
t — year of investment operational time from nhtahe last year of investment
activity, i — discount rate.

The discounted revenues of the investments cowitpiobtained by the
ecological effect. Its price needs to be assumedoastant during the whole
period of analysis:

DR= &Eg% 3)

where:pge — price of ecological effect uniEE — ecological effect in given year.
Thus, the following equation (2) and (3):

SHUC+EG | $% EE

Zoary PEE Ay )
makes possible the definition of Dynamic Genera@Gast (DGC):
Zt:n IC, + EC,
DGC = p.¢ :tf+1E+E't)t (5)
=0 (1+i)"

The above formula (5) is true when the time of gsialis equal to the time
of investment operation. In the other case, the stidiscounted costs should be
decreased or increased by the discounted remaraing.
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The DGC is thus equal to the price allowing to obthe discounted reve-
nues equal to the discounted costs so DGC refleettechnical cost of ecologi-
cal effect unit. In case of our studies coveringesmge networks the considered
ecologic effect may be applied as volume of transgoldtreated sewage, thus the
unit of DGC will be PLN . Implementation of DGC to investment assessment
is rather easy. The rule is simple: the investnieniore acceptable economical-
ly when we get the lower value of DGC [7, 13, 14, 25].

Calculation of DGC requires the following data: éstment and exploita-
tion costs, ecological effect (e.g. volume of siggpldrinking water, transported
wastewater, deposited municipal solid wastes), Stnaent’s time horizon and
discount rate.

The cost analysis based on DGC method covers tladewteriod of in-
vestment operation so application of the differegiues of investment and ex-
ploitation costs as well as ecological effect andegated incomes, in following
years are possible. The method is based on disethumists so, the changes in
“money value” is reflected in the analysis. Thu§® method is easily intelligi-
ble for designers, decision makers and authoribiesepresentatives of local
societies because it shows the technical costewasiments presented in the
popular, easily understandable units which may fiygied to decision making
during the conceptual stage of technical designing.

But one need to remember that DGC does not refiecactual price of ser-
vice (water supply, sewage treatment, solid waspodal) and should not be
used in assessment of investments’ productivityreddeer DGC method does
not reflect many technical and technological chi@rstics of investments assur-
ing the required ecological effect, e.g. the hyticaoonditions of transported
media flow and the reliability characteristics esijned systems.

This paper presents the attempt of practical apiptio of DGC method to
designing process of sanitary system for ruralesatint in Poland. Four variants
of possible technical solutions of sanitation depetent resulting in achieving
the same ecological effect were considered.

2. Materials and methods

Object description

The rural settlement Tereszyn, Konopnica, Lubelskigodeship, deprived
of any type of sanitation system was selectedsashpect of our study. Tereszyn
is located at Rownina Bsjcka (Bekyce Plain). The ground elevation along the
trace of studied sanitation variants was betwee)@2m and 236,00 m above
sea level. Groundwater surface was observed betydem and 7,5 m below
the ground level and freezing depth was assumetCasn (3 climatic zone)



Application of Dynamic Generation Cost financiabbysis ... 349

[12]. Soil cover in the region is consisting of dgrclay and sand of different
composition, thus appropriate to engineering invests.

Our study covered 48 households and one stonetingtacility. The total
population of rural settlement considered in oudgtwas equal to 200 people.

Designing and economic analysis assumptions

The following assumptions were adopted in our st{@¥]: population:
200; number of employees in stone facility: 20t wolume of household sanita-
ry sewage: 160 diday™ person’; unit volume of stone-cutting facility sanitary
sewage: 60 dinday™ person’; daily inequality factor N— 2.0; and hourly in-
equality factor N— 4.0.

The maximum daily and hourly volume of sanitary agesgenerated in the
region covered by our project was equal to, respslgt 64 ni day’ and
3,69 dni s (including sewage generated in services facilitg accidental wa-
ter).

Four different exemplary variants of centralizedl alecentralized sanitary
wastewater system in Tereszyn were developed (sedab. 1):

e variant | — gravitational sanitation system equibpéth pumping station
transporting wastewater to existing sanitation eaysiand wastewater
treatment plant in Marynin capable enough to tesatages inflowing
through new system of sanitation,

e variant Il — mixed, gravitational and pressureditsay wastewater sys-
tem, equipped with 5 household pumping stations tartd stations di-
recting sewage to existing sanitation system anstevaater treatment
plant in Marynin,

e variant lll — mixed, gravitational and pressureditsay wastewater sys-
tem, equipped with 5 household and one network progngtations, ad-
ditionally supported by local container WWTP of aajty RLM = 250
— treated wastewater are to be discharged to Bmugh infiltration
drainage,

e variant IV — 48 local infiltrational wastewater @étenent plants based on
2 n volume of septic reactor-tank and 48 m of drainpipes length,
supplied by household pumping systems requirecphyia layout of the
settlement (distances of drainage to buildings/syeskeptic tankst etc.)
under Polish standards [18, 20]; according to timidd time of opera-
tion and domestic WWTPs sellers’ suggestions, dgenpipelines and
gravel bed renovation were assumed after each 4& ythe lifespan of
all variants needs to be the same to successflicappn of DGC me-
thod), sanitary waste management in stone-cuttiiitly was obtained
by a single septic tank.

Local terrain configuration excluded traditionabnwentional system of sa-

nitary wastewater network, based solely on graeital movement of trans-
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ported media. In development of all consideredards the actual and up-to-
date materials and technological solutions wereptatb— polymer materials
were selected for designed sanitary sewage andadyipipes, revision and
junction chambers, septic tanks etc.; automatig¢robof any pumping devices
etc. The precise details of assumed conceptuahmntariof sanitation system in

Tereszyn are presented in Tab. 1.

Table 1. Characteristics of studied variants oflrsaaitation

L Network |Household . .
. Gravitational Pressure . . Capacity |Drainage
Variant ) : pumping | pumping .
pipes pipes stations stations of WWTPs | pipes
2100 m PVC-U
| DN200 220 Pet00 1 0 0 0
and DN250
1800 m PVC-Ul - g5 1y pE100
I DN200 DN40 and DN50 2 5 0 0
and DN250
M 180(5'(?282)/ “Y s30mPE00 2 5 L 2200 m
and DN250 DN40 and DN50 RLM =250
849 mPVC-U| 5566 m pE100 48
v DN110 DN 50 - 48 RLM=192 2304 m
and DN160 B

The economic factors, necessary to conduct the @@dlyses for all stu-
died variants covered: investments costs (mategalsipments and manpower —
investments in all variants are assumed to be naried during the same dura-
tion of time, except required regular renovationmafstewater drainage pipes in
Variant 1V), yearly exploitation costs (electricexgy, renovation services, tech-
nical management and control, screenings remowaleanironmental fee), op-
erational period of the investment and discourg.rhe economic data concern-
ing exploitation costs were estimated accordingublic financial information
published by rural communities of Lubelskie voivelig. The assumed data
applied to our studies are presented in Tab. 2.

Table 2. Assumed values for economic calculations

Economic factor Variant | | Variant Il | Variant lll | Variant IV
Total investment costs [PLN] 936420 952114 1580412708546
Average exploitation cost per year [PLN 22821 ZB18 48483 25178
Lifespan of the investment [yr] 30

Discount rate [%)] 5
Ecological effect [M[ yr] 68 640
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3. Results and discussion

The results of calculations, presented in Tab.@&asthat, according to re-
cent guidelines (e.g. [7, 13, 14, 16, 25]), Variashould be selected because of
its lowest value of DGC factor.

Table 3. Results of DGC calculation for each studeehnt

DGC
[PLN m7
| 18,42
Il 20,11
I 28,16
WV, 34,44

Variant

The strict application of the DGC lowest value nmiaysome cases support
the simplest systems of wastewater managementah canditions. The lowest
value of DGC in our studies was observed for thepist gravitational sanita-
tion system equipped in one sewage pumping statimwever, we also ob-
served the high DGC value for the decentralizedesysbased on individual
treatment tanks and sewage drainage. In this thseachieved level of DGC
value depends on increased investment costs cdnystte necessity to sustain
the investment in operation — the renovation ofirdige pipes and gravel
bed were required after at least each 10 yearseaedgy costs of pumping
sewage [1].

It's visible that the more sophisticated proposgsteam is, the highest in-
vestment and operation costs are (resulting fronenads, equipment, workload
and power consumption). Thus, the obtained value@E€ for the constant val-
ue of ecological effect and life span of the inw@sat, in comparison to conven-
tional sanitation systems or local decentralizegtdtiments, according to actual
EU co-financing standards and requirements wouldfaeor unconventional
sanitation system or decentralized location of WW.TBGC based analyses,
unsupported by technical and reliability studiesefex the cheapest solutions
giving the same ecological effect regardless ohtetogies applied and relia-
bility assured. One may easily state, basing onstudies, that the gravitational
system will always obtain lower value of DGC thamcanventional designs,
modern, sophisticated systems offering higher figéiky, clear and proven resi-
lience to daily and hourly variations of generasetvage inflow and strongly
better hydraulic conditions of sewage flow.
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4. Summary

The Dynamic Generation Cost was presented in awdystAccording to
strict requirements of feasibility studies compiositfor EU’s FP7 co-financing
of investments in Poland, DGC method is being mamd more popular. Its
main advantages are reflecting the whole periotheéstment operation life-
span, investment and exploitation costs for the levhpeeriod of analysis and
presenting the easily understandable discountedoddavestment’s ecological
effect. These make it easily adopted for governaleand non-governmental
decision makers, representatives and authoritien ex the lowest level (i.e.
rural community). On the other side, this methodveh some serious disadvan-
tages — the method considers only the cost effigiarf the investments except
for any other important technical feature applieéthieve the given ecological
effect. For instance our case study showed thahyleaulic conditions of se-
wage flow, self-purification velocity and systentiability are not considered in
case of sanitary sanitation systems. The DCG medpptied into the feasibility
studies of investments co-financed by EU grants,nrayertain situations [7,
13, 14, 16, 25]favors the simplest and cheapest solutions withoytreference
to their technological and technical abilities asfdracteristics. In our opinion
application of DGC method to financial analysesl@signing process and feasi-
bility studies of co-financing applications shoudd included into multi variant
analyses covering also, at least, reliability aschtical studies. Otherwise, the
implementation of technical progress and advaneetnical solutions may be
difficult as not supported by the decisional praces
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ZASTOSOWANIE METODY ANALIZY FINANSOWEJ
DYNAMIC GENERATION COST W PROJEKTOWANIU KANALIZACJI
SANITARNEJ DLA WIEJSKICH JEDNOSTEK OSADNICZYCH

Streszczenie

Podstawowe problemy pojawige sé na etapie projektowania kanalizacji sanitarnej
w wiejskich jednostkach osadniczych zmane § z mah gestcscia zaludnienia, dzymi odlegto-
sciami pomedzy obstugiwanymi obiektami, niewiglkiloscia odprowadzanychiciekow i duza
nierébwnomiernécia ich dopltywu oraz ograniczonynfirodkami finansowymi gmin dalacych
inwestorami. Dlatego #euzasadnione jest przeprowadzenie analizy techoiekonomicznej
poszczegdlnych rozazan na etapie projektowania. Obecnie, w gzliu ze wspétfinansowaniem
inwestycji przez UE, coraz ¢gtsze zastosowanie w przeprowadzaniu tego typuizamal metoda
Dynamic Generation Cost (DGC). W niniejszej pracgepistawiono met@dDGC jako sposéb
finansowego oszacowania kosztow inwestycji, zaprezeano wady i zalety tej metody oraz
podito proke praktycznego jej wykorzystania w projektowaniu &li@acji sanitarnej w wiejskiej
jednostce osadniczej w celu uzyskania optymalnegbwzgkdemsrodowiskowym rozwizania.

Ztozono w Oficynie Wydawniczej w lipcu 2011 r.



