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ABSTRACT

Citywide Inclusive Sanitation (CWIS) represents a paradigm shift in the provision of safely managed sanitation services with a

framework of three outcomes—equity, safety and sustainability. There are several sanitation financial tools, but none of these
fully address all CWIS outcomes. Citywide Inclusive Sanitation Financial Tool (CWIS-FiT) is an innovative decision-support
tool designed to strengthen financial planning and integrate all CWIS outcomes. The tool captures both sewered and non-

sewered systems, as well as low-income and non-low-income households, while accounting for non-infrastructure costs such as
workforce safety and gender equity for sustainable sanitation. Applications in Kenya and Nepal demonstrate the tool's ability to
estimate financial analysis and planning, tariffs and fee analyses for cross-subsidy simulations. By assessing CWIS indicators,

CWIS-FiT enables inclusive scenario planning aligned with SDG 6 (clean water and sanitation), SDG 10 (reduced inequalities),

SDG 11 (sustainable cities and communities) and SDG 12 (responsible consumption and production) and provides a scalable ap-

proach to planning equitable, safe and sustainable sanitation investments.

1 | Introduction

Citywide Inclusive Sanitation (CWIS) is a paradigm shift in
providing safely managed sanitation services. Its outcomes—
equity, safety and sustainability—address urban sanitation
challenges by considering access and quality of sanitation
services in low-income (LI) and non-low-income (NLI) com-
munities/households, safety in service provision, along with
financial viability and resource management (Schrecongost
et al. 2020). CWIS covers all sanitation value/service chain
(SVC) and delivery methods in the city, including sewer-based
conveyance to treatment (Sewered Systems—SS); at-source
containment with road-based conveyance to treatment; and

land-based treatment (Non-sewered Systems—NSS) (Strande
et al. 2023).

Finance is crucial for CWIS implementation; therefore, mul-
tiple Sanitation Financial Tools (SFTs) are used for a diverse
set of goals, tailored to different levels, targets and stages of
planning or projects. These tools capture capital costs for in-
vestments (CAPEX), operational/maintenance costs (OPEX),
sales/revenue and/or financial projections over time. For exam-
ple, CWIS assessments in cities such as Kampala and Lusaka
highlighted that insufficient cost recovery and unclear subsidy
mechanisms constrained service expansion to low-income
areas (World Bank 2019; UN-Habitat 2020). In Dakar, despite
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technical feasibility, limited household affordability and depen-
dence on external grants delayed scaling of safely managed ser-
vices (Dodane et al. 2012). Similarly, CWIS planning exercises
in South Asian cities have shown that weak tariff structures
and fragmented financing responsibilities undermine long-term
sustainability (ADB 2021). Financing safely managed sanita-
tion under CWIS framework is a strategic pathway to advance
Sustainable Development Goal (SDG) 6 on universal access to
safe water and sanitation complemented by several other SDGs
like SDG 11 on inclusive, safe, resilient and sustainable cities.
Promoting equity in sanitation access between LI and NLI
households, SS and NSS users and sanitation workers (includ-
ing women and minorities) supports on reducing inequalities
(SDG 10), while protecting both users and sanitation workers
from health risks contributes to SDG 3 on good health and well-
being. Ultimately, financial sustainability coupled with resource
recovery promotes long-term efficiency of water, energy, carbon
and nutrient through responsible consumption of sanitation
reuse products, aligning with SDG 12 (United Nations 2015;
Schrecongost et al. 2020; Franco et al. 2025).

SFTs address either one or the other CWIS outcomes (FSM
Toolbox, n.d.) such as for equity—technological diversity on sewer
and non-sewered systems (Finney et al. 1998; UN Millennium
Project 2005; Hutton and Varughese 2017; Langergraber and
Weissenbacher 2014) and emphasizing LI communities (Athena
Infonomics 2020). For safety, protective gear for workers, labo-
ratory costs (Sainati et al. 2020), service quality and key perfor-
mance indicators (SaniPlan 2016) and for sustainability, business
model (Furlong et al. 2020), resource recovery (Oertlé et al. 2019);
long-term planning (Basyal et al. 2023), GIS-based models for ser-
vice optimization and costs savings (Zoungrana et al. 2024); sys-
tems designs under uncertainty (Li et al. 2022). However, none
of the existing SFTs fully address all CWIS outcomes (Franco
et al. 2025). In most SFTs, costs to promote inclusivity are not
computed, resulting in unfair prices for maintaining toilets and
containment between LI and NLI users, as well as between SS
and NSS. They overlook investments needs on reducing gender
gap, training, legal support and healthcare to reduce sanitation
workers health risks as well as monitoring treatment plants per-
formance and quality of any reuse products (Franco et al. 2025).
Therefore, city's sanitation financial model must address costs
not only for infrastructure but also for such non-infrastructure
costs along the SVC (Strande et al. 2014).

To incorporate the non-infrastructure costs and financial gaps,
a comprehensive SFT, CWIS Financial Tool (CWIS-FiT) was
developed and tested in Nakuru city in Kenya, and Mahalaxmi
municipality in Nepal, both medium-sized cities in low- to
middle-income contexts, selected for their coexistence of sew-
ered and non-sewered systems. Nakuru has a utility to man-
age wastewater and faecal sludge co-treatment plant, a mature
reuse business, and established tariffs. Mahalaxmi has limited
faecal sludge treatment capacity and currently lacks wastewater
treatment, a transparent tax/tariff mechanism and a utility for
the regulation and management of SS and NSS. The two cities
also exhibit distinct spatial distributions of low- and non-low-
income households, thereby providing contrasting contexts for
testing the tool's adaptability. Both cities are planning and im-
plementing sanitation interventions aligned with CWIS princi-
ples to achieve safely managed sanitation. Interventions focus

on eliminating unsafe services and ensuring financial sustain-
ability for both LI and NLI households, SS and NSS managed
by NGOs, public and private companies. The study has a dual
objective. First, it presents and applies CWIS-FiT as a decision-
support tool for assessing inclusivity and sustainability in urban
sanitation systems. Second, it analyses the cost components re-
quired to achieve inclusive and safely managed sanitation in se-
lected cities by examining monetary transfers, tariffs and fees,
and by enabling cross-subsidy simulations. A set of equity, safety
and sustainability indicators is used to classify the level of sani-
tation inclusivity and sustainability at the city scale.

2 | Material and Methods
2.1 | Tool Structure Description and Overview

The CWIS-FiT development is based on the eSOSView tool as
background (Furlong et al. 2020) and unlike eSOSView, which
primarily focused on NSS flows, CWIS-FiT integrates SS flows
(Waziri 2020), distinguishes LI and NLI household technolo-
gies and associated costs and incorporates non-infrastructure
inputs for CWIS. The tool is developed in Excel with nine inter-
connected worksheets and in two phases. In the first phase, the
tool was updated by introducing new functionalities, including
simplified wastewater and faecal sludge inputs for domestic and
non-domestic sources and an automated improvement plan for
phasing out unsafe sanitation services within a defined time-
frame. Furthermore, CWIS-FiT included non-infrastructure
costs and CWIS indicators for equity, safety and sustainability
(Franco et al. 2025), providing a more holistic and actionable
framework. This version was applied and tested in Nakuru City,
Kenya. Although most modifications functioned as intended
and produced the desired outputs, a critical question remained:
Is the city's sanitation service truly inclusive? The first tool's ap-
plication demonstrated that the mere calculation of indicators,
even when methodologically sound, was insufficient to provide
a meaningful answer to this question (Ocharo 2024) (Figure 1).

The second phase updated the tool and enabled users to stan-
dardize and weigh the CWIS indicators, allowing for a traffic-
light assessment of each indicator and their combinations across
three outcomes: equity, safety and sustainability. Moreover,
the updated tool (Figure 2) was tested in a different context:
Mahalaxmi Municipality in Nepal, where the CWIS assessment
was implemented and discussed with stakeholders.

All non-infrastructure elements embedded in CWIS-FiT—in-
cluding unit costs, cost escalation rates, technology lifespans,
service frequencies, user behaviour, workforce composition and
gender-related indicators—are not hard-coded in the model.
Instead, they must be explicitly provided by users for each ap-
plication. These inputs are populated using empirical data
whenever such data are available (e.g., municipal records, fea-
sibility studies, tariffs and operational reports), or, where data
gaps exist, through context-specific assumptions derived from
consultations with local stakeholders and key informants. This
approach ensures that the tool's financial logic remains flexible
and grounded in local realities, while making all assumptions
transparent and open to revision as new empirical evidence be-
comes available.
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FIGURE1 | CWIS-FiT development and application.
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FIGURE2 | Tool overview.

Similarly, the thresholds and weights applied in the traffic-light
system used to assess CWIS indicators are fully user-defined.
Although default values appear in the tool to facilitate initial
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TABLE1 | Inputsand outputs for the city's improvement plan.

Inputs

Outputs

« Number of people (P) or number of households (HH) in LI and NLI areas + People with SSS for each year to Yy

« Average number of people per household (P/HH)
« HH using shared toilets at LI and NLI areas

« Percentage of women in the city

« Start-year (y,)

« End-year ( yf)

» People with Safely managed SS (SSS) at y,

» People with Safely managed NSS (SNSS) at y,

« People with Unsafe SS (USS) at y,,

» People with Unsafe NSS (UNSS) at y,

» People Unserved (U) aty,

+ People with SNSS for each year to Yy

+ People with UNSS for each year to zero at Vs
+ People with USS for each year to zero at Vs

+ People with U for each year to zero at Vs

« Number of women using shared toilets

« Population growth rate (G) for SS, NSS areas and for non-domestic sources

(city's population growth rate if it is the only available data)
+ Percentage of U to be covered by SNSS at y,
« Percentage of people with SSS system at Vs (wf)
« Discount rate

categories, are established through stakeholder consultation to
reflect local policy priorities, regulatory standards and socio-
economic conditions.

2.2 | Worksheet 1—Defining the Area, Systems
and the Improvement Plan

The starting point, that is, ‘city data and improvement plan’
sheet, requires inputs (Table 1) on people and household size in
LI and NLI areas and their sanitation systems coverage, which
was developed to enable integration with the existing Shit Flow
Diagram (SuSanA 2026), a highly used framework that shows
percentage of population's excreta that is safely or unsafely man-
aged by SS and NSS (Furlong et al. 2023).

Once existing/current sanitation system has been defined, a user
could develop improvement plan to eliminate unserved and unsafe
services, potentially to achieve national targets or SDG 6. Like the
WASHCost tool (Hutton and Varughese 2017), CWIS-FiT aims
to achieve safely managed sanitation but focuses on individual
cities rather than the entire country, which allows for calculations
to be differentiated between SS and NSS and LI and NLI areas.
This separation provides users with a flexibility to plan transfers
between NSS and SS areas, if feasible and desired within the city.
To achieve this, calculation of people in each sanitation system
was developed to allow for flow between systems (Figure 3) as
desired by the user and achieve planned outputs (Table 1). The
main advantage is that it show a gradual improvement plan that
reports both the percentage of the population with safe sanitation
and the corresponding annual cost, thereby linking incremental
service improvements to their financial implications.

It is assumed that the number of unserved (U) and those with
unsafe sanitation services (UNSS and USS) would gradually de-
crease by a constant rate () once they transitioned to safe sani-
tation services (SNSS and SSS), considering population growth
rate on both. In addition, a rate (a) is applied to estimate popu-
lation reaching SSS at the desired percentage in the end-year.
Finally, difference between total population and people with

UNSS SNSS

IO

FIGURE 3 | Improvement plan: Moving people to safe sanitation
services in the city.

each sanitation service estimates people with SNSS, calculated
annually.

Toclarify,decreaseinnumber of people unserved and unsafesani-
tation can be mathematically written as:U; = (U,_; — 8, )(1 + G),
where Uj is unserved people in the city in year i, g, is the de-
creasing rate of people with no sanitation service and g is the
population growth rate. As the number of people in the end year
(Uy) must be zero: Uy = 0; Uy_; = §, (Equation 1).

x-1 ) f-1 )

1+6) 1+6y -
U =p i:z() U =p i:z() b _a+6/7'y,
e R e W R i
>(1+G)

i=0

¢y
For SSS growth, summing alpha people means:

SSS; = SSS;_; + a - P, where SSS; is people using safe sew-

ered sanitation systems in the city at the year i, a is the con-

stant rate of people with SSS applied to P;, which is the total

population in the city at year i, so: /A SSS=a Y P; = aP,, or
i=1

L

s
/\ SSS = 55S; — S5Sy = Y /\ SSS, =Py x (1+G)2 x w; — wy X Py
i=1

where w, and wy are the percentages of people with SSS at the
start year and plan for the final year, respectively: Ay = Yr—Yo
a is defined in Equation (2).

WX (146 —w
w0 @

4
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The main output of this sheet is a gradual decrease in individuals
unserved or using unsafe sanitation systems, ultimately reach-
ing zero. Simultaneously, the number of people with SSS will in-
crease, aiming to achieve the desired percentage by the end of the
specified year. Finally, SNSS; = P; — U; — UNSS; — USS; — SSS..
Demonstrations and examples are provided in Section S2.1.

2.3 | Worksheet 2—Wastewater and Faecal Sludge
Estimations

Second sheet estimates WW and FS generation. Domestic WW
generation is estimated by inputting—daily WW generation per
capita and peak factor, which is multiplied by the number of
people with SSS (calculated in the previous sheet) (Equation 3).
There are two options for calculating domestic FS generation: (i)
FS production method based on annual FS generation per cap-
ita or (ii) FS collection method based on containment average
volume and desludging frequency. Both are converted to daily
volumes and multiplied by the number of people with SNSS and
UNSS (Equation 4).

Two options are also available for non-domestic WW and FS
generation: to input daily value or to convert from domestic
sources as its percentage. For future estimations/projections,
growth rate inputted in the previous sheet is used and calculated
as per Equation (5). Finally, total WW and FS generated are the
sum of domestic and non-domestic sources—NDS (Equation 6).

Domestic WW = WW per capita day. peak factor - SSS

®)
FS it

Domestic F§= —LOPTEYEIT oNgs;
365 )

Containmente volume

r— -SNSS
Disludge frequency - 365
NDS = Daily generation - (1+ G)Ay; )
5

or Domestic converting percentage - (1+ G)AV

Total generated = (Domestic source + NDS source) ©)

2.4 | Worksheet 3-7—Technological, Financial
Plans and Life-Cycle Cost Assessment for SVC
Components

The following five sheets consist of detailed data on each SVC
component. Users have to select appropriate technologies in
each SVC component (Figures S2-S5), as listed and defined
in the ‘Compendium of Sanitation Systems and Technologies’
(Tilley et al. 2014). There is also an option to include additional
technologies not listed. Alongside selecting the technologies,
users must input existing quantities and capacities for each tech-
nology (Figure S7).

For financial planning, CAPEX, OPEX, revenue and any money
transfers such as tariffs, fees and budgetary support (external
and national grants, loans, equity) are required. The disaggre-
gated costs (Table S1) and lifespan are necessary for each SVC
component technology chosen separately by LI and NLI house-
holds, as well as SS and NSS.

A technological and financial plan is developed using data input
for each SVC component. This plan outlines required quantities
and gaps over the years based on the defined start and end years
and annual number of people using each sanitation service (SS
and NSS). It calculates costs associated with ending unsafe san-
itation services and unserved within the end year. Each SVC
component's life cycle costs are calculated using annual CAPEX,
OPEX, revenue and profit or loss, applying the discount rate (r)
for a defined life span (d) (Equation 7). A life-cycle approach
to cost estimation for various technical developments promotes
service provision long-term sustainability, especially when con-
sidering major repair needs and operational maintenance.

Profit or loss = Z [(Revenue + Budgets — CAPEX — OPEX)]
r Y
1-(1+n™

Financial data in many contexts is often unavailable, unreli-
able, or difficult to compile in detail. To address this in practice,
the tool was intentionally designed to be flexible regarding the
level of financial disaggregation required. In each SVC compo-
nent sheet, users can enter aggregated cost information—such
as total CAPEX without further breakdown and generalized
OPEX for routine maintenance—without specifying costs. More
detailed cost disaggregation remains optional and can be pro-
vided when reliable data is available. The responsibility for de-
fining cost and its assumptions remains with the user, though,
who may rely on local records, expert judgement, or stakeholder
consultation. While incorporating uncertainty ranges could en-
hance precision, it would require substantial updates to the tool,
which is a priority for future versions.

2.5 | Worksheet 8—Business Model

The existing business model is structured around five SVC com-
ponents, reflecting cost and revenue data from previous sheets.
One component's costs can be a revenue for the next, allowing
for profit and loss calculations (Figure S9). User interface is ana-
lysed separating LI and NLI households, as well as SS and NSS;
conveyance can have multiple combinations—gravitational and
simplified sewer, semi-mechanical and motorized emptying;
and for treatment and use/disposal, WW and FS are analysed
separately. All the financial analysis, that is, costs, revenue,
profit/loss, and so forth are summarized for each SVC compo-
nent over its life cycle and reflecting perspectives of households,
private, public, or NGO. The tool offers a unique opportunity to
feed in different financial modalities (grant, equity and loans) to
explore financial viability of business along or entire SVC.

2.6 | Worksheet 9—CWIS Assessment

The final sheet explores assessing alignment of sanitation in-
terventions with CWIS indicators for equity, safety and sustain-
ability as outlined by Athena Infonomics (2021) (Figures S6, S8,
and S10). To achieve equity, indicators focus on three key areas:
(1) fair access and costs for LI/NLI areas and sanitation systems
(NSS/SS), (2) gender and minority (GM) equity among workers
and decision-making positions and (3) women's access to toilets.
The first and second areas are addressed by differentiating data
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TABLE 2 | CWIS indicators calculated by the tool for each outcome.

Input

Indicator®

Equity

LIvs. NLI at SVC component sheets
# Women workers and their salaries

# Women engineers or managers and their salaries

# Transgender workers and their salaries

# Transgender engineers and their salaries

# of caste and/or religious minority

workers and their salaries

# caste and/or religion minorities engineers

or managers and their salaries

% of women and the number of toilets in the city

Number of toilets in LI regions

Safety
Costs/worker to provide PPE

% of OPEX used for training

Workers' coverage by social/legal insurance (yes or no)
WW and FS treatment capacity
WW and FS total volume generated

Sustainability
the reuse/disposal component

Costs, revenue and budget funds

in all SVC components

Costs, revenue and budget funds

in all SVC components

NSS vs. SS costs at SVC component sheets

% of workers' salary used for health insurance

The volume of WW and FS reused at

Amount paid for NSS/amount paid for SS
Amount paid by LIH/amount paid by NLIH
% of women workers and their gender pay gap

% of women workers in decision-making
positions and the gender pay gap

% of transgender workers and the gender pay gap

% of transgender workers in decision-
making positions and the gender pay gap

% of caste and/or religious minority
workers and their pay gap

% of caste and/or religious minorities workers
in decision-making position and their pay gap

% of women using shared toilets
% of LIH with access to individual toilets
Health insurance support
PPE regularly provided
Capacity building or training
Legal/social support
WW and FS treatment capacity/

total volume generated

% of treated FS and WW treated that is reused

% of OPEX recovered by revenue

% of CAPEX covered by funds

3Adapted from Athena Infonomics (2021).

on cost for sanitation systems, household income and number
of workers, genders and minorities, along with their salaries
(Equations 8 and 9) and the third area is captured in the city
information (Table 2).

> #GM
% GM in the worforce = sve g
0 4 > total# of workers ®)
sve
% GM pay gap = 1 — —CMLSalaries_ ©
workers salaries

Safety outcome is evaluated using indicators related to workers’
safety and sanitation management (Table 2). For workers' safety,
expenses for training, social and legal support, health insurance
and PPE are considered at each SVC component (Equation 10). In
assessing safe sanitation management, existing capacity of tech-
nologies in the city is compared with total amount of WW and FS
generated as well as comparing the number of households with
unsafe management WW/FS to those with safe management.

Workers safety = (1+ Health insurance%) - 2 salaries

+ PPE costs - #workers+ (1 + training%) - OPEX

(10)

For sustainability assessment, percentages of WW and FS re-
used (Equation 11) costs covered by revenue and budget funds
(Equation 12), and number of sanitation workers compared to
ideal required number (based on population size) are evaluated.

Volume of WWor ES treated
Volume of WW or FS used

% WW or FS used = (11)
%costs covered by revenue and budget

ZCOStSconveyance, treatment, use (12)

Z Revenue and b udgetsconveyance, treatment, use

To assess performance against each indicator, a traffic light
system is used and minimum and maximum values should be
established for each indicator to define the colour of the traf-
fic light. For example, regarding the gender pay gap, the default
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threshold for a green light is a gap of 0%. A yellow light is as-
signed for a gap between 0% and 20%, while gaps above 20% re-
ceive a red light. Stakeholders must determine what standards
are acceptable in the city for each colour. Finally, stakeholders
set criteria for outcome-level colours, combining all indicators
related to the outcome. This is calculated by multiplying the
sum of weights by colour value (0 for red, 50 for yellow and 100
for green), as shown in Equation (13). It is envisaged that the
user should consult stakeholders to decide on the weight of each
indicator as it is very contextual and subjective (by default, all
indicators are assigned equal weight).

Color number x Indicators' weight
Y indicators'weights

Outcome traffic light =

(13)
2.7 | Illustrative Application of the Tool

The tool's application was part of its development. To illustrate
and improve the tool, it was tested in two cities with distinct
contexts: Nakuru City in Kenya (08/2024), improved it based on
the first experience and applied in Mahalaxmi Municipality in
Nepal (01/2025) (Figure 1).

Nakuru city is located approximately 160 km west of the capital,
Nairobi, Kenya, with 570,674 inhabitants (KNBS 2019). People
own land on freehold and leasehold, except for sprawling of
about eight informal settlements (Figure S9), with poor deliv-
ery of sanitation services (UN-HABITAT 2020). SS accounts for
about 31% of the population, predominant in the old, planned
areas (over 200km of sewer lines with 18,000 connections). NSS
is mainly found in newly developing areas and LI households,
using septic tanks for formal areas and pit latrines with slabs
for informal settlements (Figure S10). The city has two waste-
water treatment plants (WWTPs) with a combined capacity of
16,200 m>/day, and FS is used to produce charcoal briquets and
seed balls (Figure S13). There is also a plan to install a mem-
brane bioreactor for FS treatment. Details are available in the
Section S2.1.1.

Mahalaxmi municipality is in the northeast of Lalitpur District
of Bagmati Province (Figure S15), with a total population of
122,966 and a density of 5493 people/km?, spread across an area
of 26.5km?. Ninety-eight percent of the buildings are residen-
tial, while 2.86% and 0.69% are commercial and industrial, re-
spectively. The municipality is a historic town with cultural and
archaeological significance (Badal 2020). Its sewerage network
serves about 47% of the population, while the rest rely on the
NSS system (Figure S16), mostly septic tanks and 7.5% pit toi-
lets (CBS 2021). Currently, the municipality has a small FSTP
of 6m3/week capacity (Figure S16). However, it does not have a
wastewater treatment plant, but there is a plan to install one at
Balkumari (Section S2.2.1).

Nakuru and Mahalaxmi were selected for testing because of
ongoing interventions towards city-wide inclusive sanitation,
representing low- and middle-income country contexts and
data availability. These cities, located on different continents,
also differ significantly in their institutional setup, infrastruc-
ture and services, which enables testing the tool's adaptability
across varying governance and service conditions. Nakuru has

a relatively mature sanitation utility, partial sewer network
coverage and existing wastewater and faecal sludge treatment
facilities, supported by established tariff structures and opera-
tional data systems. In contrast, Mahalaxmi has a mature FSM
information system but currently lacks tariff structures and fae-
cal sludge and wastewater treatment, which remain at an early
stage. The LI and NLI household spatial distributions also differ
significantly across the two cities: Nakuru has informal settle-
ments (slums) distinct from planned neighbourhoods, whereas
Mahalaxmi has mixed-income neighbourhoods.

For both cities, comprehensive data were gathered (Table S4)
using a mixed-methods approach guided by the tool's data re-
quirements. First, quantitative and qualitative data were col-
lected from secondary sources to obtain baseline information
from published sources and unpublished reports, such as strate-
gic plans and feasibility reports. The second step involved field
visits to collect primary data through anonymized and volun-
teer surveys. Key Informant Interviews (KIIs) were conducted
with stakeholders along the SVC (Sections S2.1.2 and S2.2.2,
Tables S2 and S3, Figures S11 and S16). Participants were se-
lected based on their role as sanitation stakeholders along the
SVC, including municipal officers, managers, technical staff
at treatment plants and staff of E&T companies. A purposive
and snowballing technique was employed for the KIIs, where
selected participants referred other knowledgeable individuals
in the sanitation sector. These interviews aimed to understand
the current situation, challenges and plans for improvements in
the SVC. After filling out the tool, the results were discussed at a
Joint Stakeholder Meeting. This triangulation approach helped
reduce individual reporting bias and ensured that inputs used in
the tool reflected locally agreed and contextually grounded as-
sessments. The final output is the existing CWIS scenario. The
inputs were then modified to run in an inclusive scenario (all
green lights) to achieve costs and revenue for an inclusive and
safely managed sanitation service provision in the city.

3 | Results and Discussion
3.1 | Improvement Plan

Input data is presented in Table 3 which also shows calculated
B value and a values. The improvement plan (Figure 4) shows a
gradual decline in unsafe sanitation services for both cities. While
Nakuru city opted for a 20-year improvement plan, Mahalaxmi
municipality chose 5years to align with the SDGs deadline.

The CWIS-FiT improvement plan enabled estimation of ending
unsafe sanitation services in both contexts, leading to a faster
increase in the number of people with SSS as the cities strive to
progress from 41% to 55%, and 47% to 60% of SS in Nakuru and
Mahalaxmi, even having 0% of SSS in Mahalaxmi. It is also pos-
sible to plan for distinct coverages for unserved areas, as Nakuru
anticipated that most people without a toilet will first pass through
SNSS, whereas Mahalaxmi aimed to serve them with SSS directly.

Sanitation improvements in cities typically increase gradually;
however, they do not increase at a constant rate. For calculation
purposes, the tool uses an incremental increase; however, it re-
ports both the percentage of the population with safe sanitation
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TABLE 3 | Inputs and rates for Nakuru, Kenya and Mahalaxmi, Nepal improvement plan and WW/FS streams calculations.
Inputs and rates Nakuru Mahalaxmi
LIH 89,043 1716
NLIH 100,410 30,390
#people/LIH 4 3.8
#people/NLIH 4 3.8
Women in the city 51% 49%
Start and end years 2024-2044 2025-2030
Population growth 3.1% 5.8%
U % to be covered 90% 40%
by NSS
% of people to be 55% 60%
covered by SS
Inflation rate 7% 6.1%
Service coverage (%) SSS SNSS UNSS USS U SSS SNSS UNSS USS U
LIH 1.5 18 24 1.5 2 LIH 0 0.3 2 2 0.2
NLIH 26.5 18 7 1.5 0 NLIH 0 4.8 46 45 0
Daily WW/person 100 L/person day 75L/person day
Peak factor 2.5 1.8
Non-domestic WW 4810 m3/day 351.7m?3/day
sources
Yearly FS/person 0.28 m3/person year 0.22m3/person year
Average 5m3 2.5m?
containment volume
Emptying frequency 3years 3years
Non-domestic FS 30% of domestic 1.6 m3/day
a (Equation 3) 0.03 0.13
B (Equation 2) System UNSS UsSs U System UNSS UsSs U
LIH 15,457 748 468 LIH 602.54 643.60 54.90
NLIH 11,967 748 — NLIH 12,542.19 12,226.64 —

and the corresponding annual cost, thereby linking incremen-
tal service improvements and the financial implications. The
tool enables users to identify target levels of sanitation improve-
ment including inclusive sanitation coverage and estimate costs
required to achieve them. To achieve more realistic and local
level financial planning, it is to be foreseen to enable users for a
stepwise implementation planning (e.g., by neighbourhoods or
by treatment facility).

3.2 | Business Models

Figure 5 illustrates existing business models in Nakuru and
Mahalaxmi, and Table 4 highlights key differences between
the two cities. In general, households are responsible for instal-
lation and O&M of toilets, for example, individual private toi-
lets in Mahalaxmi; however, in Nakuru, LI households receive

financial support from national grants, and in many cases, it is
shared toilets within LI communities. In both locations, private
E&T companies operate and households pay an emptying fee to
desludge their containments (septic tanks or pits). These compa-
nies, in turn, pay a discharge fee at treatment plants. In Nakuru,
semi-mechanical emptiers are private, but the municipality trans-
ports FS emptied by them to the treatment plant. In Mahalaxmi,
households connected to sewer system still have septic tanks,
which are emptied less frequently than those not connected.
Nakuru employs monthly tariffs from households connected to
sewer, along with 5% support from water bills from all households
to support sewer conveyance and treatment, while Mahalaxmi
relies on annual household taxes to manage its services (where
there is currently no sewer treatment). Reuse of FS in Nakuru is
supported by revenue from charcoal sales, whereas revenue in
Mahalaxmi comes from using treated liquid from FS, sale of ag-
ricultural products and using biogas. Both cities rely on external
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FIGURE4 | Nakuru's(A)and Mahalaxmi's (B) improvement plan. SNSS, safe non-sewered system; SSS, safe sewered system; UNSS, unsafe non-
sewered system; USS, unsafe sewered system.

grants for sewer conveyance, treatment and reuse, butin Nakuru, 3.3 | Financial Plan

the municipality and reuse companies also employ loans. These

business models align with model 5—Incentive discharge model Based on the improvement plan, financial plans were developed
from Tilley et al. (2014) applied with financial flow simulator eS- for each component of the SVC, which present CAPEX, OPEX
OSview TM (Furlong et al. 2020), but without discharge license. and revenue over the planned period (Figure 6). In Nakuru,
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FIGURE5 | Existing sanitation business models in (A) Nakuru, Kenya and (B) Mahalaxmi, Nepal.

LI households spend nearly $340 to install user interface, con-
tainment, or collection; this price is expected to reach $1300
in 20years (Figure 6A). For NLI households, prices start at
$413 in 2024 and increase to $1600 in 20years. LI households
spend around $50/year to maintain the facilities; this price is
expected to increase to $190 in 20years. NLI households start
with $80/year and are expected to grow to $300/year in 20years
(Figure 6A). For sewer conveyance, there is a gradual increase
in CAPEX for expanding sewer lines (Figure 6B) and for FS con-
veyance (Figure 6C), CAPEX peaks are related to fulfilling gaps
to eliminate unsafe sanitation services by buying new trucks

and tractors. However, once people transition from NSS to SS
services, OPEX and revenue associated with FS conveyance
are restricted to the population using this service, which is also
growing. The situation is similar to treatment, where existing
treatment plant (TP) capacities are currently insufficient for
100% safe treatment, especially for SS, which requires expan-
sion, along with its associated costs (Figure 6D,E).

Difference between CAPEX, OPEX and revenue results in profit
or loss; however, CAPEX is generally subsidized for treatment
component and covered by grants from external, national, or

10
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TABLE 4 | Comparative aspects of existing sanitation business models in Nakuru (Kenya) and Mahalaxmi (Nepal).

Aspects

Nakuru (Kenya)

Mahalaxmi (Nepal)

Governance & institutional
setup

Ownership—user interface

& containment

Ownership—emptying &
transport (E&T)

Ownership—treatment

Treatment infrastructure

Household payments

Tariff structure

Discharge fees at treatment

OPEX cost recovery

CAPEX financing

Reuse revenue

Dedicated water and sanitation utility
(NAWASSCO) with defined roles across
sewered and non-sewered sanitation systems

Existence of shared toilets, CAPEX
subsidies for LI households

Private and semi-mechanical operators;
municipality supports transport to FSTP

Public (municipality/utility),
supported by grants and loans

Existing wastewater treatment plant
with co-treatment of faecal sludge
Limited capacity; expansion planned

Sewer tariff (monthly); emptying fees for
NSS; regulated cross-subsidy via water bills

Differentiated tariffs for SS and NSS

Applied, primarily regulatory, not
adequate to recover costs

Partial for conveyance and treatment

Predominantly external and national
grants, with some loans

Yes—contributes to OPEX
recovery at reuse component

Municipal management with limited
regulations for sanitation services

Private individual toilets inside
houses, no subsidies

Private operators

Public (municipality/NGO), largely grant-
funded, run by an NGO, with some support
from the municipality, but not regulated

No wastewater treatment plant; small FSTP
Wastewater treatment plant is planned

Emptying fees for NSS; annual
household tax supporting sewer
conveyance, but not regulated

Flat household tax; limited linkage
between tariffs and service costs

Applied at FSTP; minimal
contribution to cost recovery

Low; minimal OPEX recovered
through tariffs or fees

Almost entirely grants and municipal funds

Limited but present (treated liquid,
biogas, agricultural products)

other sources of funding. Private companies in E&T component
are making profit, while public treatment services, especially
FSTP, will be in loss, as also observed by Cetkovi¢ et al. (2022)
and Estu et al. (2021), indicating need for increase in taxes
for NSS. Reuse technology/plant was installed with a grant of
$389,105 and a loan of $132,296; however, revenue generated
from briquette sales is more than OPEX and repaying loan,
thus making a profit (Figure 6F), as also found by Mohideen
et al. (2022). Reuse of FS/sewage sludge and business models is
getting recognized (Taron et al. 2023), and this type of FS reuse
is also eligible for revenues from carbon market, due to differ-
ences in feedstock composition, combustion efficiency and car-
bon sequestration potential (Rowles et al. 2022).

Mahalaxmi's financial plans are available in the Supporting
Information and Figure 7, where, unlike Nakuru, LTH and
NLIH pay the same prices to install containments or connec-
tions: $2285 for a septic tank, expected to go to $3152 in Syears;
$519 for a single pit ($716 in Syears); and $499 for sewer col-
lection, to be $670 in Syears. To operate containment, house-
holds spend $10/year for emptying septic tanks not connected
to sewer; $5/year to empty septic tanks connected to sewer; $6/
year to empty single pits; and a fixed household tax of $0.69/
year for all to support sewer conveyance, which has a loss, un-
like FS conveyance. The FSTP has an even more significant

loss, which is covered by the municipality, indicating the need
to charge a sanitation tax or tariff to improve treatment and
cover the losses (Figure 7). It is to be noted that CAPEX is cal-
culated based on the gap (in volume) between the existing in-
frastructure, for example, FS treatment capacity and the city's
FS generation, it becomes evident that, in both cases, the FSTP
capacity is significantly lower—or even non-existent—com-
pared to the current FS generation. This discrepancy requires
a higher initial investment to align with the improvement plan
estimations and to enhance safety. The city may choose to
make a one-time investment in a FSTP sized to meet the pro-
jected end-year volume estimation.

The long-term financial projections generated by CWIS-FiT are
inherently sensitive to macroeconomic conditions, particularly
inflation rates and capital cost escalation. While the tool allows
users to define inflation and discount rates based on local con-
ditions, the current version does not include a formal sensitivity
or probabilistic analysis to quantify these uncertainties explic-
itly. As a result, the 20-year forecasts should be interpreted as
scenario-based estimates conditional on stakeholder-agreed
assumptions rather than as precise predictions when the tool
is focused on early-stage planning rather than the project im-
plementation stage. The integration of sensitivity analyses of
financial outcomes under uncertainty will further strengthen
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ment. (E) FS treatment. (F) Reuse. CAPEX, capital expenditure; LIH, low-income household; NLIH, non-low-income household; OPEX, operational

expenditure.

versions of the tool's applicability to investment planning and
risk-informed decision-making.

The Life Cycle Costs (LCC) for all planned years, including both
sewered and non-sewered sanitation systems, are presented in
Table 5, showing household costs as well as profit or loss for con-
veyance, treatment and reuse. To estimate costs for an inclusive
scenario, a 40% subsidy from sewered system to non-sewered
system is applied, as non-sewered households empty their con-
tainers more frequently, thereby bearing 60% of the service costs
in the existing scenario. Both tariffs were increased, though, to
cover the operational costs of a new WWTP and to increase FSTP
treatment to at least 90%, according to the standard established
by stakeholders, which aligns with the national goal and SDG 6.

Using tariffs to cover OPEX for conveyance and treatment im-
proves inclusivity of this indicator as a sustainability outcome.

This can be visualized by comparing graphs for sewer conveyance
in Table 5 between the two scenarios, where the loss is covered by
revenue, leaving the CAPEX to be covered by national or external
funds (Henriques et al. 2022; Marques and Monteiro 2023). For
treatment and reuse, the inclusive scenario also aimed to cover op-
erational expenses through sales. The losses presented in Table 5
indicate a need for national or external funds for infrastructure
implementation, which is another indicator of sustainability
(CAPEX covered by funds). It is also noteworthy to highlight the
significance of the investment required to install a new WTTP
(Basyal et al. 2023) and the expansion of faecal sludge reuse.

3.4 | CWIS Assessment

CWIS indicators are presented as per traffic light system repre-
senting performance of each indicator and ultimately reflecting
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expenditure.

the overall outcome performance (Table 6). Indicators are eval-
uated based on their weight of importance and using maximum
and minimum values/thresholds for red (low-performing), yellow
(medium-performing) and green (high-performing) traffic lights.

In Nakuru, all outcomes performance was evaluated as medium
performing based on results from Equation (13) and consider-
ing threshold values for medium performance between 30% and
70%. On equity, the main gap is found in the sanitation work-
force, which is composed of 74% men, who earn, on average,
16% more than women in similar work positions, while there
are no women in decision-making positions. On safety, the par-
tial coverage of workers with health insurance and the gaps
between WW/FS generated and treated had low performance.
On sustainability, the portion of WW/FS reused is still incipient
(only 12%).

Nakuru's CWIS assessment was derived based on default stan-
dards and weights; however, for Mahalaxmi, stakeholders
during the joint stakeholder meeting established thresholds tai-
lored to the municipality's context.

In Mahalaxmi, stakeholders lowered thresholds for outcomes by
40%-60%. In terms of equity, they increased the gender gap to
between 45% and 50%, resulting in low performance for women
in the workforce (29%) and decision-making positions (0%).
However, at the gender pay gap indicator, the tool showed that
men earn less than women, as the small FSTP operator (men)
earns 21% less than female workers in conveyance. Regarding
equity, households connected to sewers empty their septic tanks
less frequently, taking a longer time to fill up, resulting in lower
expenses for households connected to sewers compared to those
connected to NSS. The stakeholders' increase in weights for
access to safe facilities for LI households and for women led to
a high performance for this outcome. On safety, performance
drops when institutionally, sanitation services are managed
within general municipal functions rather than through clear
regulations or a dedicated utility, resulting in limited earmarked
budgets for workers' training and health or social insurance
coverage. Additionally, at the technical level, the absence of a
wastewater treatment plant and the limited capacity of the ex-
isting faecal sludge treatment facility mean that a large share
of wastewater and faecal sludge generated in the municipality
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TABLE 5 | Life cycle costs for existing and inclusive scenario at Mahalaxmi, Nepal.

Life Cycle Costs for existing and inclusive scenario at Mahalaxmi, Nepal

LCC Scenarios (USD/ planned years)

Sve Existing Inclusive
D £ Monthly Tariff Empty fee Monthly Tariff Empty fee
5] & = costs costs
D 8 ‘g NSS 0,69 8 NSS 1,76 9
£ SS 0,69 5 SS 432 7
"“é’” $642 $ 50,286 $2,664
- -$
$19,93 47,622
© 5
Q
§ FS FS
o
=
(3 $29,41 $2,12,85
211 - 3 o
. $39,29,9 $37,17,0
-$17,23,53,236 -$16,94,12,024 25 66
Sewer Sewer
$2,66,34 $-
$-2,66,345 5
= $-6,70,927 $9,046 $-6,61,881
5 —
£ FS
<
1
= $6,58,80
FS 6
$- $-
48,84,15 42,25,34
4 8
Sewer
$-2,20,410 $48,743 $-1,71,667 $-6,21,19,939  $2,40,169  $-6,18,79,770
. ] L
)
W Total cost ™ Total revenue ™ Profit or Loss

cannot be safely treated, directly constraining performance on
treatment-related safety indicators. On sustainability, most of
the OPEX is not covered because the taxes are insufficient and
not specifically for sanitation services (embedded in housing) in
Mahalaxmi municipality.

3.5 | Summary

The results of the tool's application in two distinct city contexts
shows its comprehensiveness and versatility in applying tool
for different objectives. In Nakuru, the tool could be applied to
assess financial flows, cost recovery and sustainability across
the whole sanitation value chain, including sewered treatment.
Whereas, in Mahalaxmi, the absence of wastewater treatment
infrastructure constrained sustainability performance, particu-
larly for treatment-related indicators and demonstrated the tool's

ability to explicitly reveal structural service gaps and estimate fi-
nancial investment requirements for improving sanitation.

CWIS-Fit enables city planners and sanitation stakeholders to
identify and trace poor performance in specific components
of the sanitation value chain as well as financial shortfalls.
For example, low budget allocation to worker's protection and
training is directly linked to weak cost-recovery mechanisms
and absence of sanitation-specific tariffs. During stakeholder
discussions, these results informed concrete improvement op-
tions, including the introduction of tariffs, targeted subsidies for
worker safety and phased investments or grants for installing
infrastructure. CWIS-FiT can support not only in assessment
of sanitation systems and services but also as a diagnostic and
planning tool that helps stakeholders understand why CWIS
outcomes fall short and where corrective infrastructure and
non-infrastructure interventions are required.
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TABLE 6 | CWIS assessment for Nakuru (default standards and weights), city and Mahalaxmi municipality for equity, safety and sustainability
indicators.

Nakuru Mahalaxmi
Thresholds for Thresholds for
CWIS outcome low, medium and low, medium and
indicators high performance Weight Result high performance Weight Result
Equity 30-70 643 O 40-60 64 3
f LIH with
% of LIH with access to 50%-70% 13% os% [ 70%-90% 20% 9% @
safe facilities
% of women using safe
facilities 50%-70% 13% 9% @ 70%-90% 20% 99% @
Amount paid for non-
sewer/amount paid for 100%-130% 13% 52% a8 100%-130% 12% 135% O]
sewer services
Amount paid from LIH/
amount paid for NLIH 100%-130% 13% 58 @ 100%-130% 12% 100% @
% of women workers
in decision-making 20%-30% 13% 0% O] 45%-50% 12% 0% O]
positions
Gender pay gap in 0%-10% 0% NA 0%-10% 0% NA
decision-making
positions
% of women workers in
the workforce 20%-30% 13% 26% D 45%-50% 12% 29% .
Gender pay gap in the
sanitation workforce 0%-10% 13% 16% . 0%-10% 12% —21% .
Safety 30-70 67 @] 40-60 41.7 @]
Training (% of OPEX for .
the whole SCV) NA 17% Yes a NA 17%  Partially [
Workers covered by .
social/legal insurance NA 17% Yes @) NA 17%  Partially [
Workers covered by ) .
health insurance NA 17% Partially [J NA 17% Partially [J
Compliance with the
worker's safety—PPE $15.00-$30.00 17% 33 . $30.00-$50.00 17% 50 a8
(USD/worker)
WW treatment capacity/
total WW generated 70%-100% 17% 64% O 90%-100% 17% 0% a
FS treatment capacity/
total FS generated 70%-100% 17% 90% D 90%-100% 17% 15% .
Sustainability 30-70 50 @ 40-60 50 @
% of treated FS and WW
treated that is reused 70%-100% 33% 12 W 90%-100% 33% 100% a
% of OPEX recovered by 70%-100% 33% 257% @ 70%-100% 33% 68% O]
revenue
f CAPEX
fug d(sj covered by 70%-100% 33% 9% 0O 70%-100% 33% 9% O
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The application of CWIS-FiT also highlighted the importance
of institutional capacity and readiness in shaping sanitation
service performance against CWIS framework and indicators.
The tool assumes a minimum level of stakeholder willingness to
collaborate and engage, data availability and institutional coor-
dination to populate inputs and interpret results; thus, its effec-
tiveness depends in part on local governance capacity. However,
contexts with lower CWIS implementation maturity, limited
regulatory clarity, fragmented mandates, or weak technical ca-
pacity do not invalidate the tool; instead, they make institutional
and capacity gaps visible, enabling CWIS-FiT to serve as a struc-
tured lens for diagnosing readiness and sequencing reforms.
As such, the tool remains applicable across different stages of
CWIS maturity, provided its outputs are interpreted along with
stakeholders’ participation as context-sensitive signals of system
readiness and transition needs.

4 | Conclusions

This work presents an innovative tool designed to support fi-
nancial planning for achieving safely managed sanitation fol-
lowing the Citywide Inclusive Sanitation (CWIS) framework.
It addresses the complexity of integrating non-infrastructure
aspects and costs, sewered and non-sewered sanitation ser-
vices and comparing costs for low-income and non-low-income
households. By combining technical, financial and social indi-
cators, the tool enables stakeholders to evaluate CWIS outcomes
holistically and develop improvement plans tailored to equity,
safety and sustainability. The tool also supports the tool user to
incorporate local stakeholder priorities and adaptive standards
for equity, safety and sustainability.

Applications in Nakuru, Kenya and Mahalaxmi, Nepal, were
part of the tool development, testing and improvement. Tool ap-
plications in diverse urban contexts extend beyond case studies,
offering a scalable approach that municipalities and private com-
panies can use the tool to create scenarios and understand costs
associated for achieving safely managed sanitation and CWIS
outcomes. The tool integrates financial planning with equity,
safety and sustainability outcomes, ensuring that investments
in sanitation systems are inclusive. It highlighted the need to
balance subsidies, tariffs and external funding to ensure finan-
cial sustainability without compromising equity and safety. The
tool's capability to simulate financial analysis revealed gaps in
cost recovery, particularly in treatment and conveyance ser-
vices. Furthermore, the analysis highlighted gender disparities
in workforce participation, suggesting that future planning
must also consider social equity interventions.

CWIS-FiT highlighted recurring challenges relevant to cities
in low and middle-income countries, such as: (1) data gaps—
especially for non-infrastructure costs, workforce conditions
and equity indicators; (2) financial projections reflected struc-
tural constraints: cities with limited treatment infrastructure or
weak cost-recovery mechanisms systematically scored poorly
on safety and sustainability, not as a modelling artefact but as an
explicit signal of governance and service limitations; (3) traffic-
light assessment proved valuable as diagnostic, identifying why
outcomes fall short and where interventions along the sanitation

value chain are needed, as well as a tool to evaluate greater in-
clusive scenarios.

A common challenge for both cities is distinguishing between
secondary data for LI and NLI households, as most reports (in-
cluding the Shit Flow Diagram) present results only for the en-
tire city.

By directly linking financial planning with inclusive sanitation
outcomes, the tool provides a practical pathway to advance sev-
eral Sustainable Development Goals (SDGs), particularly SDG 6
on universal access to water and sanitation, SDG 10 on reducing
inequalities, SDG 11 on sustainable cities and SDG 12 on respon-
sible consumption and resource efficiency.

It is recommended that users be advised to allocate time for par-
ticipatory data validation, treat financial forecasts as scenario-
based inputs and link underperforming indicators to targeted
policy, tariff, or investment actions. By emphasizing transpar-
ency, local ownership and learning-by-doing, CWIS-FiT can
support cities in estimating costs while strengthening institu-
tional readiness for equitable, safe and sustainable sanitation
services.
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