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Abstract 
 

The study examines household water demand in Metro Manila and evaluates how demand 
behavior and infrastructure access shape the transition from a linear to a circular water and 
wastewater economy. Estimated prices, ranging from -0.441 to 0.468, and income 
elasticities, which are between 0.550 and 0.572, for those with and without access to both 
water and sewerage systems reveal consistently inelastic demand. Thus, water is treated as 
a necessity with limited behavioral responsiveness to tariƯ changes. The similarity of 
elasticities across service groups suggests that behavioral factors are not the primary 
constraint to circularity. Instead, the findings highlight that infrastructure access, 
particularly the absence of sewerage connections for the majority of consumers, is a 
structural barrier. Without wastewater collection and treatment, these households remain 
excluded from reuse pathways, resource-recovery systems, and reclaimed-water 
distribution. Findings align with the literature, which indicates that circular water transitions 
depend on the presence of integrated collection, treatment, and reuse infrastructure rather 
than on household willingness alone. Further, the low sewerage coverage in developing 
cities, such as Metro Manila, entrenches linear “use-and-dispose” patterns and prevents 
utilities from generating water at scale. Overall, the results underscore the need to achieve 
a circular water economy prioritizing infrastructure expansion and inclusivity to enable all 
households to participate in and benefit from circular resource flows.  
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INTRODUCTION 
 
In the Philippines, the management of water resources is governed by a regulatory 
framework that is designed to balance utility viability with public service. Under the 
Provincial Water Utilities Act of 1973, local water districts (LWDs) and utilities are required 
to provide safe, adequate, and aƯordable water. At the same time, such goals should be met 
and aligned with Sustainable Development Goals (SDGs) 3 (Good health and well-being), 6 
(Clean water and sanitation), and 13 (Climate action). However, challenges remain for 
providers outside Metro Manila in providing water and sanitation services. The management 
of water services in Metro Manila underwent a structural shift in 1997 due to privatization. 
Two private concessionaires, Manila Water Company Inc. (east zone) and Maynilad Water 
Services Inc. (west zone) addressed ineƯiciencies through a public-private partnership 
(PPP). This was done to address the ineƯiciencies plaguing many LWDs and water utilities 
nationwide. To date, both concessionaires have achieved 90-95% water service coverage 
and 24/7 service, and institutional practices have greatly improved water infrastructure.  
 
Despite these developments, there is still an observable disparity in wastewater 
infrastructure. The Supreme Court of the Philippines (Maynilad Water Services, Inc. v. 
Department of Environment and Natural Resources; Manila Water Company, Inc. v. 
Department of Environment and Natural Resources; Metropolitan Waterworks and 
Sewerage System v. Pollution Adjudication Board, 2022) mandated that both 
concessionaires should achieve 100% sewerage coverage by 2037. However, investments in 
wastewater treatment and sanitation remain scarce, leaving most of the region’s water cycle 
in a linear economy that is environmentally unsustainable. In total, less than 50% of 
households in Metro Manila remain unserved by sewerage systems. This leaves users 
treating water resources as “use-and-dispose”, with no possibility of reuse and recycling into 
water systems, which can influence water stress due to increasing water scarcity. Such gaps 
in infrastructure and system challenges can be addressed through a shift to a circular 
economy (CE) framework. McCarton et al. (2022) illustrated a circular economy that 
considers water as a resource rather than solely for disposal. It is considered a recoverable 
and recyclable resource that enhances water security and reduces long-term costs 
(Delgado et al., 2021).  
 
A successful transition to a circular water economy requires pricing structures that can 
finance wastewater and sanitation infrastructure without compromising household 
aƯordability. However, such pricing incentives are only eƯective when grounded in a deeper 
understanding of household behavior. Particularly, households are not passive recipients of 
tariƯs. Rather, they are active agents whose daily practices shape water flows, wastewater 
generation, and the feasibility of circular interventions. Crucially, there may be households 
that already operate inner loops (e.g., conservation habits, greywater use, and decentralized 
practices) that reduce demand on water utilities and contribute to broader circular economy 
outcomes. Recognizing these inner loops is essential, as pricing reform can only achieve its 
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intended eƯects when aligned with the behavioral patterns and micro-level circular 
practices occurring within households.  
 
The study therefore aims to examine how structural infrastructure gaps, rather than 
consumer behavioral rigidity, influence the transition from a linear to a circular water 
economy in Metro Manila. By evaluating household water demand, the research explores the 
specific pathways through which incomplete sewerage networks lock consumers into a 
“take-use-dispose” model regardless of their socioeconomic profiles or price sensitivities. 
The analysis investigates the extent to which fragmented utility services, such as having 
piped water access without centralized water treatment, generate massive volumes of 
unrecovered greywater that bypass circular loops. Ultimately, the study shifts the policy 
narrative by demonstrating how structural lock-ins, instead of lack of household willingness 
to conserve, make tariƯ-based policy instruments ineƯective at driving resource recovery.  
 

Review of Literature 
 
Circular Economy 
 
The literature on the circular economy includes numerous studies on plastic and solid waste 
disposal. However, in terms of water resources, particularly in developing economies, there 
is little literature on addressing water use in large metropolitan areas, which are still strongly 
based on linear economic models. However, the current situation of water resources in 
developing economies indicates a linear economy. McCarton et al. (2022) contrasted this 
linearity with the circular economy of water (CEW), which prioritizes reduce, reuse, recycle, 
and recover. The authors introduced two important concepts in closing the loop. The 
“multiple waters” concept is the first, in which wastewater is categorized into greywater 
(lightly polluted), blackwater (heavily polluted), yellow water (source-separated urine), and 
stormwater (rainfall runoƯ). The other concept is fit-for-purpose water (FFP), which is water 
that is treated to an appropriate quality to meet its intended use rather than completely 
treating it to be potable.  
 
Closing the circular economy loop from an economic perspective entails five requirements. 
The first requirement is water demand reduction, which means that lower potable water 
demand reduces wastewater volumes and treatment loads. This eases pressure on the 
infrastructure and enables more manageable reuse schemes (Renzetti et al., 2015; 
Matthews & Shamseldin, 2004; McCarton et al., 2022). The second requirement is 
segregation and reuse, which requires the separation of greywater, blackwater, and 
stormwater at the source. Separating wastewater allows water utilities to identify the 
appropriate treatment and reuse method. According to McCarton et al. (2022), this 
procedure potentially reduces demand for high-quality water, and it creates value from used 
water. The third requirement is resource recovery, as it allows nutrients, energy, and heat to 
be recovered from wastewater. This requirement converts treatment plants into resource 
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factories, rather than being a source of high operating costs (McCarton et al., 2022). TariƯ 
and aƯordability design is the fourth requirement to ensure that pricing policies can support 
cost recovery while remaining aƯordable for essential uses. Teodoro (2018) and Fagundes et 
al. (2023) argued that water utilities that use IBTs or two-part tariƯs should keep basic 
volumes cheap and charge higher rates for discretionary use. The last requirement is to 
incorporate hidden costs. Reducing intermittency and non-revenue water through 
investments in network and storage can reduce household energy use and cost for pumping 
and storage. As a result, this improves aƯordability and environmental performance. These 
benefits should be included in economic evaluations in closing the loop in the circular 
economy for water resources.  
 
Literature identifies households as critical sites for operationalizing the “inner loops” of the 
circular economy. In circular economy terms, they correspond to high-priority strategies 
such as refuse, reduce, rethink, and reuse, applied to domestic water services rather than 
only to produce (Silva & Ramos, 2025). At the household scale, this means that consumers 
reevaluate the need for high-quality drinking water across all end uses, minimize demand 
through eƯicient fixtures and behaviors, and ensure water quality before it leaves their 
dwellings. Such cascading is the core of the inner loop. That water is kept circulating within 
the home for as long as possible before entering sewers or in-situ treatment. In practice, this 
refers to the power of inner loops in transitions toward the circular economy, where resource 
value is created through more eƯicient and productive use of materials, via inner circular 
loops of resources closest to consumption points (De Angelis et al., 2018; Batista et al., 
2018). Therefore, understanding how consumers use, dispose, and reuse products and 
resources is crucial to reap the benefits of the power of creating inner circles for the circular 
economy (Howard et al., 2019).  
 
There are two layers in the inner loop that Silva and Ramos (2025) presented. The first layer 
is demand reduction, which emphasizes that reusing and reducing are the most circular 
strategies because they avoid resource use. Applying this to household water use, such 
practices include low-flow fixtures, leak detection, and behavioral changes (i.e., shorter 
showers). However, people may endorse water-saving practices but can fail to change 
routines without enabling technologies, feedback, and incentives (Silva & Ramos, 2024). The 
second layer is greywater reuse and in-home recycling. Greywater accounts for 75% to 90% 
of domestic water, making it the most abundant and central to the inner loop of household 
water use. Khajvand et al. (2022) noted that greywater can be suitable for non-potable 
applications such as toilet flushing, irrigation, and cleaning due to its low levels of 
contamination. Household greywater systems are found to significantly reduce freshwater 
demand and wastewater discharge, closing the loops at the point of use. This connection is 
fundamentally economic, because reuse lowers the volume of wastewater requiring 
treatment, lowers infrastructure depreciation rates, and delays capital-intensive network 
upgrades. In this sense, household greywater systems convert wastewater into a usable 
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intermediate good as volume of potable water, thereby closing loops and reducing system-
wide ineƯiciencies.  
 
However, the economic viability of these inner loops is shaped by pricing structures and 
regulatory frameworks. Mispricing of water services distorts incentives and can slow the 
adoption of circular practices. In their analysis, Mbavarira and Grimm (2021) argued that 
current water pricing by utilities is not reflective of its true value. TariƯs often fail to 
internalize environmental and resource costs. Households face artificially low marginal 
prices for water, reducing their incentive to invest in reuse technologies or do conservation 
behaviors. Although aƯordable, utilities struggle to recover costs, limiting their ability to 
support decentralized systems or incentivize circularity. Further, their analysis extended to 
the plethora of economic literature and concluded that when externalities are internalized, 
circular systems are often financially favorable. They suggested that the economic viability 
of household inner loops depends heavily on regulatory frameworks, tariƯ structures, and 
the presence of economic instruments that reward resource recovery.  
 
Demand Estimation and its Connection to the Linear and Circular Economy 
 
Various works present diƯerent methods in estimating water demand. Most models 
emphasize elasticities and the dynamics and heterogeneity of diƯerent socioeconomic 
household characteristics. A common method for estimating demand elasticities is ordinary 
least squares (OLS); however, it has been identified that OLS can produce biased estimates, 
especially under increasing block tariƯs (IBTs). Arbues et al. (2003) pointed out that prices 
are determined endogenously based on the volumetric use of households. Due to the 
endogeneity between prices and quantity, this creates a simultaneity problem that 
invalidates OLS estimates. Gaudin (2006) further stated that OLS are unable to capture the 
complex economic behavior underlying water use under an IBT pricing structure. IBTs are 
non-linear and have a piecewise structure, which means that price depends on water use. 
This is in contrast to the usual economic literature, which holds that consumption is 
dependent on price. Moreover, OLS can be restrictive and cannot capture non-linear 
relationships among prices, income, and demand (Olmstead et al., 2009; Reynaud, 2003). 
 
Recent water demand estimation uses methods to remedy the issues with OLS. Matthews 
and Shamseldin (2024) used a dynamic autoregressive distributed lag (ARDL) model in 
estimating short- and long-run water demand in New Zealand. Renzetti et al. (2015) used a 
discrete-continuous choice model to investigate how elasticities shape economic activities 
in a community. By using an expenditure-based dataset, the Almost Ideal Demand System 
(AIDS) model that Deaton and Muellbauer (1980) developed was used to estimate 
elasticities. Ray (1982) used the Indian household budget data and the AIDS model to 
estimate how demographic factors shape water expenditures. Extending the AIDS 
framework, Blanciforti and Green (1983) applied the model to household expenditure 
systems that include water-related goods. Their analysis demonstrated that substitution 
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patterns and expenditure elasticities diƯer from those implied by single-equation water 
demand models such as the OLS. These studies by Ray (1982) and Blanciforti and Green 
(1993) presented important insights that water use competes with other essential goods in 
household budgets. This allows elasticity estimation to be theoretically aligned with 
Hicksian and Marshallian demand. Further, aside from addressing the problems of OLS, 
these methods allow the use of family income surveys as the primary data source to 
estimate water demand elasticities.  
 
The relationship between water demand elasticities and the transition from linear to circular 
water economies is indirect but important. In linear systems (extraction, treatment, use, and 
disposal), utilities rely on relatively inelastic water demand to stabilize revenues and design 
tariƯs that moderate water use without undermining financial viability. Additionally, water 
utilities rely on a continuous, unidirectional flow in which fresh resources are extracted, 
used, and discharged as waste (Castellet-Viciano et al., 2022). Within this system, water 
services often exhibit low price elasticity because consumers lack immediate, cost-
eƯective substitutes. As a result, this leaves households largely unresponsive to price 
signals until substantial thresholds are met. However, introducing the circular economy 
shifts this dynamic by oƯering alternative loops through wastewater reclamation (Peydayesh 
& Mezzenga, 2024). When high-quality reclaimed water is introduced into market systems, it 
acts as a direct substitute for the usual freshwater intake. Castellet-Viciano et al. (2022) 
concluded that this potentially transforms inelastic demand profiles into more elastic ones 
as households gain structural flexibility to switch between resource streams in response to 
price fluctuations.  
 
Indirectly, water demand elasticities dictate the financial viability and structural design of 
the circular transition for water utilities. Transitioning to a circular economy for water 
requires massive capital investment in advanced treatment, reticulation networks, and 
infrastructure to retain and optimize resources (Peydayesh & Messenga, 2024; Salminen et 
al., 2022). Because water utilities operate with high fixed costs, a significant drop in demand 
triggered by consumer responsiveness to pricing can result in revenue losses. This puts a 
strain on utilities, particularly on their supply facilities, and disrupts cost-recovery 
mechanisms (Liu et al., 2024). Consequently, understanding price and cross-price 
elasticities is essential for configuring dual-tariƯ pricing structures. Strategic tariƯ modeling 
leverages these elasticities by setting volumetric fees that incentivize the use of reclaimed 
water while penalizing linear freshwater depletion (Castellet-Viciano et al., 2022). Without 
considering these elastic behaviors, water services risk starting a rebound eƯect of the 
circular economy. This happens when eƯiciency gains, such as lower non-revenue water and 
wider service coverage, or cheaper reclaimed water, inadvertently cause higher overall 
consumption. Lowe et al. (2024) and Salminen et al. (2022) concluded that such situations 
defeat the ecological goal of reducing pressure on natural water systems.   
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Data and Theoretical Model (Almost Ideal Demand System) 
 
Data Source and Study Area 
 
The study uses the 2021 merged Family Income and Expenditure Survey (FIES) and the Labor 
Force Survey (LFS) of the Philippine Statistics Authority (PSA). The dataset provides 
information on household expenditures for all goods and services in the country, as well as 
on important sociodemographic characteristics. Information on water use and sanitary-
related infrastructure is also provided, including the main source of water supply, the main 
source of drinking water, and the type of toilet facility. The study considers households in the 
National Capital Region (NCR) because water services are provided by two concessionaires, 
Manila Water and Maynilad, in the East Zone and West Zone, respectively. Compared to 
other water districts and utilities in highly urbanized cities, both utilities are the most 
comprehensive in terms of operations, management, and coverage. There are 21,689 
household samples that are included in the analysis (see Table 1).  
 

Table 1 
Descriptive Statistics of Households in Metro Manila, Per Serviced Area (Mean Values; 

FIES-LFS 2021) 
Characteristics Manila Water Maynilad 

Family size 4.03 4.10 
  (1.9663) (1.8597) 

Household head age (in years) 50.49 49.59 
  (14.2269) (14.1346) 

Household income decile 7.55 7.06 
  (2.1278) (2.2088) 

Average annual total household income (in Php) 447,255.9 383,379.0 
  (387,898.5) (268,020.4) 

Average annual total household expenditure (in Php) 340,206.8 291,846.7 
  (255,659.6) (183,908.6) 

Average annual total expenditure on food (in Php) 126,699.3 120,665.9 
  (71,453.47) (63,089.23) 

Average annual total expenditure on health-related goods/services (in Php) 8,173.427 7,100.06 
  (22,001.96) (29,856.82) 

Average annual total expenditure on electricity (in Php) 22,531.89 19,043.84 
  (20,001.96) (18,325.97) 

Average annual total expenditure on other goods (in Php) 176,097.8 138,261.2 
  (185,673.1) (120,973.8) 

Average annual total expenditure on water supply (in Php) 6,770.33 6,775.65 
  (7,212.522) (6,514.649) 

Average monthly expenditure on water supply (in Php) 565.11 564.23 
  (603.2774) (541.6204) 

Average monthly volumetric water us (in cubic metres) 13.31 12.40 
  (5.4274) (3.3879) 

Share of water expenditure to total expenditure 2.21% 2.25% 
 (0.0164) (0.0164) 

Share of food expenditure to total expenditure 39.86% 43.58% 
 (0.1152) (0.1166) 
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Share of health expenditure to total expenditure 2.23% 2.16% 
 (0.0342) (0.0374) 

Share of electricity expenditure to total expenditure 6.63% 6.64% 
 (0.0034) (0.0346) 

Share of expenditure on other goods to total expenditure 49.07% 45.24% 
 (0.1155) (0.1114) 

Number of household samples 8,558 13,110 
Source: FIES-LFS 2021 (PSA, 2021); Italicized values are standard deviations   

 
Households in Metro Manila share broadly similar demographic characteristics, with an 
average family size of four. However, socioeconomic patterns diverge between the east and 
west zones. Families served by Manila Water fall into a slightly higher income decile and have 
average incomes roughly Php 64,000, or equivalent to US$ 1,040.18, higher than those in the 
west. This gap is reflected consistently across household expenditures on goods and 
services. The east zone also shows greater internal heterogeneity given its wider variation in 
household spending.  
 
Despite these socioeconomic diƯerences, water expenditures remain nearly identical 
across the two service areas, averaging around Php 565 (approximately US$9.18) per month. 
Additionally, water expenditure accounts for only 2% of total household expenditure. This 
means that the water services of both Manila Water and Maynilad are aƯordable. 
International benchmarks show that household water expenditures should not exceed 3-5% 
(Fagundes et al., 2023). Descriptives also show that higher-income households in the east 
zone consume slightly more water than their counterparts in the west zone. Yet, this also 
exhibits greater variability in usage, which suggests more diverse consumption behaviors 
within the Manila Water service area. These patterns indicate that while income generally 
shapes expenditure and consumption profiles, water spending remains relatively stable 
across both zones.   
 
Almost Ideal Demand System 
 
To estimate water demand elasticities, the study employs the AIDS model and the 2021 
merged FIES and LFS. The 2021 FIES-LFS detailed expenditure structure allows water to be 
modeled as part of the household’s budget and is consistent with the theoretical 
requirements of the AIDS framework (Deaton & Muellbauer, 1980; Ray, 1982). Further, 
estimating how water expenditure responds to changes in income and prices, including 
cross-prices, helps understand the economic drivers of conservation and reuse. 
Households that do greywater reuse exhibit higher elasticities because internal substitutes 
are available. On the other hand, those without inner-loop options potentially show inelastic 
demand because they have higher baseline demand for utility-supplied water. Therefore, the 
FIES can detect how inner-loop practices reflect the substitutability between utility-supplied 
water and household-generated alternatives. This provides an understanding of how circular 
behaviors reshape the elasticity structure of domestic water demand.  
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The FIES provides expenditure data on other goods, enabling the estimation of multi-goods 
in AIDS models. The study follows the budget share approach of Deaton and Muellbauer 
(1980), focusing on water expenditures and the discussion of Lecocq and Robin (2015). 
Given the budget share on good i, each good’s share is represented by 𝑤௜

௛ for each 
household, h. Given the household’s budget share for water, w: 
 

𝑤௪
௛ = 𝛼௪ + 𝛾௜

ᇱ𝑝௛ + 𝛽௜{𝑥௛ − 𝑎(𝑝௛ , 𝜃)} + 𝜆௜

{𝑥௛ − 𝑎(𝑝௛ , 𝜃)}ଶ

𝑏(𝑝௛ , 𝜃)
+ 𝑢௪

௛  (1) 

 
The terms 𝑎(𝑝௛ , 𝜃) and 𝑏(𝑝௛, 𝜃) are the price aggregators and 𝑢௪

௛  is the error term. Each price 
aggregators are considered non-linear. The full specification of the model and price 
aggregators can be found in Lecocq and Robin (2015).  
 
The parameters must satisfy the three restrictions under the AIDS model. The first restriction 
is the additivity, which means that all must sum to zero over all equations except the 
constant term. The constant term must sum to one. The second is the homogeneity 
restriction, and that it imposes that log price-parameters must sum to zero within each 
equation. Finally, symmetry requires that the eƯect of log price i on budget share j must be 
equal to the eƯect to the log price of j on budget share i.   
 
Water use competes with food, housing, electricity, and other necessities. Albeit small in 
terms of the share of expenditures, water is an essential component of the household 
budget, and its demand is influenced by broader expenditure patterns (Blanciforti & Green, 
1983). Sociodemographic controls (𝑑௭), such as household size, household head age and 
gender, type of dwelling, and access to water and sanitation services capture the 
heterogeneity in consumption behavior. With the inclusion of sociodemographic controls, 
𝑑௭, the structural form of the AIDS model equation is shown in Equation (2).  
 

𝑤௪ = (𝛼௪ + ෍ 𝑑௭) + ෍ 𝛾௪௝𝑙𝑛𝑝௝௛ + 𝛽௪ ln ൬
𝑋௛

𝑃௛
൰

௝

 (2) 

Where 𝑤௪௛  is the share of total household expenditure 𝑋௛ devoted to water, 𝑝௝௛  represents 
the prices of goods in the household’s consumption bundle, and 𝑃௛ is the translog price 
index.4 
 
Once the AIDS parameters are estimated, the Marshallian (uncompensated) elasticities are 
computed. In estimating the parameters, diƯerentiating equation (1) with respect to x and 𝑝௝  
as shown in Lecocq and Robin (2015). The AIDS parameters will yield the 
income/expenditure elasticities, uncompensated, and compensated price elasticities in 
equations (3), (4), and (5) respectively particularly for water:  

 
4 Further explanation on the translog price index and full specification of the AIDS model can be found in the 
discussion of Deaton and Muellbauer (1980).  
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𝑒௪ =
𝜇௪

𝑤௪
+ 1 (3) 

𝑒௪௝
௨ =

𝜇௪௝

𝑤௪
− 𝛿௪௝

5 (4) 

𝑒௪௝
௖ = 𝑒௪௝

௨ + 𝑒௪𝑤௝  (5) 
 

 
Analysis and Discussion 

 
Analysis From 2021 FIES-LFS 
 
To contextualize whether household water practices align more closely with a linear or 
circular economy, the next sections present descriptive evidence on water-related 
infrastructure and service conditions in Metro Manila. Both Manila Water and Maynilad 
reported service coverage of more than 95% in recent years.6 However, some households 
still depend on other water supply sources (see Table 2). This indicates that water use follows 
a linear system, in which households obtain water from the most convenient source and 
dispose of wastewater without internal recirculation.  
 

Table 2 
Number of Households Per Source of Water Supply Under Each Concession Area  

Main source of Water Supply Manila Water Maynilad 

01 - Community water system piped into dwelling 8,056 94.13% 11,884 90.50% 

02 - Community water system piped into yard/plot 434 5.07% 943 7.18% 
03 - Community water system piped into public 
taps/standpipe 4 0.05% 45 0.34% 

04 - Protected well/tube well/borehole 9 0.11% 39 0.30% 

05 - Unprotected (open dug well) 0 0.00% 0 0.00% 

06 - Developed spring 1 0.01% 0 0.00% 

07 - Undeveloped spring 0 0.00% 0 0.00% 

08 - River/Stream/Pond/Lake/Dam 0 0.00% 0 0.00% 

09 - Rainwater 0 0.00% 0 0.00% 

10 - Tanker truck/Peddler/Neighbor 51 0.60% 256 1.95% 

19 - Other, please 3 0.04% 4 0.03% 

Total 8,558   13,131   
Source: FIES-LFS 2021 (PSA 2021) 
 

 
5 𝛿௪௝  is the Kronecker delta.  
6The category “Community water system piped into dwelling” means that households source their water 
supply from piped water connections coming from Manila Water, Maynilad, or from the Local Water Districts.  
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Aside from service coverage, both concessionaires are also mandated to provide potable 
drinking water to households and to meet water quality standards for domestic use. On the 
other hand, there are families in both service areas that primarily source their drinking water 
from water refilling stations, as shown in Table 3. This suggests that consumers in both areas 
primarily use water services mainly for washing, bathing, and other domestic uses except 
drinking. Table 4 reinforces this observation and shows that only 23.7% and 10.4% in the east 
and west zones, respectively, have access to safe drinking water coming from piped 
connections. Consequently, households treat utility-provided water as a single-pass input 
rather than a resource to be conserved, reused, or cycled internally. This suggests that 
households in Metro Manila remain closer to a linear water-use model, with only weak or 
emerging circular loops.  

 
 
 
 

 
Table 3 

Source of Drinking Water of Households Under Each Concession Area 
Main source of drinking water Manila Water Maynilad 

01 - Piped into dwelling 2,115 24.71% 1,470 11.19% 

02 - Piped to yard/plot 113 1.32% 107 0.81% 

03 - Piped to neighbor 24 0.28% 62 0.47% 

04 - Public tap/Stand pipe 2 0.02% 2 0.02% 

05 - Tubed well/borehole 0 0.00% 0 0.00% 

06 - Protected well 0 0.00% 9 0.07% 

07 - Unprotected well 0 0.00% 0 0.00% 

08 - Protected spring 0 0.00% 0 0.00% 

09 - Unprotected spring 0 0.00% 0 0.00% 

10 - Rainwater 0 0.00% 0 0.00% 

11 - Tanker-truck 1 0.01% 6 0.05% 

12 - Cart with small tank 1 0.01% 0 0.00% 

13 - Water Refilling Station 6,180 72.21% 11,433 87.07% 
14 - Surface Water (River, Dam, Lake, Pond, Stream, Canal, Irrigation 
Channel) 

0 0.00% 1 0.01% 

15 - Bottled water 16 0.19% 13 0.10% 

16 - Sachet water 0 0.00% 0 0.00% 

19 - Other, please specify 106 1.24% 28 0.21% 

Total 8,558   13,131   
Source: FIES-LFS 2021 (PSA, 2021) 

Table 4 
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Households With Access to Potable Water Through Concessionaires 
Serviced with both water and wastewater  Manila Water Maynilad 

Yes 2,184 25.52% 3,119 23.75% 

No 6,374 74.48% 10,012 76.25% 
Source: Author’s estimates and FIES-LFS 2021 (PSA 2021) 
 
Beyond access to potable water, evaluating household wastewater infrastructure reveals 
critical gaps in achieving a circular economy. In a traditional linear system, domestic water 
use follows a highly ineƯicient “take-use-dispose” pathway, with untreated eƯluent 
discharged directly into the environment (González-Sánchez et al., 2023). To counter this, 
both Manila Water and Maynilad are required to provide integrated sewerage services to 
intercept and treat domestic wastewater. However, data on such services are not present at 
the household level in the current dataset. Instead, proxy indicators from the 2021 FIES-LFS 
on household toilet facilities become the basis for local sanitation access. As noted by PSA 
(2021), the presence of sanitary toilet facilities is an indicator of socioeconomic status and 
environmental health of a household. Households with a toilet facility that is categorized as 
“flushed to piped water systems” indicate an active connection to a centralized sewerage 
network (see Table 5).  
 

Table 5 
Type of Toilet Facility Per Household Under Each Concession Area 

Toilet Facility Manila Water Maynilad 

01 - Flush to piped sewer system 2,279 26.63% 3,325 25.32% 

02 - Flush to septic tank 6,153 71.90% 9,230 70.29% 

03 - Flush to pit latrine 29 0.34% 186 1.42% 

04 - Flush to open drain 16 0.19% 118 0.90% 

05 - Flush to don’t know where 23 0.27% 114 0.87% 

06 - Ventilated improved latrine 23 0.27% 29 0.22% 

07 - Pit latrine with slab 6 0.07% 19 0.14% 

08 - Pit latrine without slab/open pit 2 0.02% 2 0.02% 

09 - Composting toilet 2 0.02% 3 0.02% 

10 - Bucket 8 0.09% 20 0.15% 

11 - Hanging toilet/Hanging latrine 1 0.01% 20 0.15% 

12 - No Facility/Bush/Field 0 0.00% 8 0.06% 

13 - Public toilet 3 0.04% 23 0.18% 

19 - Other, please specify 13 0.15% 34 0.26% 
Total 8,558   13,131   

Source: FIES-LFS 2021 (PSA 2021) 
 
Despite regulatory mandates on water and wastewater coverage, the current infrastructure 
heavily reflects a linear model rather than circularity. The majority of households discharge 
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domestic wastewater into localized, individual septic tanks. According to Corpuz (2025) and 
Palanca-Tan (2015), individual septic tanks often suƯer from poor maintenance, improper 
desludging, and subsurface leakage. Conversely, only about 25% of households in each 
service area are connected to a centralized sewerage system.  
 
The linearity is further evidenced by the number of households that have access to both 
water and sewerage services, as shown in Figure 1.7 About 25.5% of households in Manila 
Water and 23.8% in Maynilad receive both services. A significant number of families 
continue to rely on fragmented service chains, such as piped water without access to a 
sewerage system. Such patterns are characteristic of the “take-use-dispose” model of water 
management, in which domestic wastewater is treated as an externality rather than a 
recoverable resource (Guest et al., 2009; Larsen et al., 2016). The disparity between those 
that have access and those that have no access to both water and wastewater services 
signals the persistence of a linear system.  
 

Figure 1 
Number of Households Serviced With Both Water and Wastewater Services 

 
Source: Author’s calculations and FIES-LFS 2021 (PSA 2021) 

 
The study further estimates household-level wastewater generation by applying an 80% 
return coeƯicient to the approximated monthly water-use figures derived from the FIES-LFS 
2021. The coeƯicient is based on what Silva and Ramos (2025) reported: 75-90% of domestic 
water use becomes greywater. Using this assumption, the analysis quantifies wastewater 

 
7 A dummy interaction variable was created to show households that sourced water supply from Manila Water 
or Maynilad and those whose toilet facility category is that of flushed into piped water system. 0 means if 
household neither has access to water services of the concessionaires or has another toilet facility; 1 means 
households has both access to water services and the toilet facility with flushed into piped water system. 
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volumes across Metro Manila’s concession areas and diƯerentiates households with and 
without access to a sewerage system. Table 6 summarizes these patterns, which reveal that 
a substantial portion of households’ wastewater is not conveyed to centralized treatment 
facilities. This indicates the persistent linearity in the region’s household-level water flows.  
 

Table 6 
Estimated Wastewater Generation from Households in Metro Manila 

Wastewater generated by households Manila Water Maynilad 
Served (water + sewerage access)     

Mean (in cu.m. per month) 2.78 2.39 
  (5.4094) (4.4258) 

Total volume generated (in cu.m. per month) 23,578.88 31,338.7 
Unserved (water access only)     

Mean (in cu.m. per month) 7.87 7.54 
  (5.4094) (4.8741) 

Total volume generated (in cu.m. per month) 67,320.31 98,945.42 
Source: Author’s calculations and FIES-LFS 2021 (PSA 2021); Italicized values are Standard deviations 
 
The estimates in Table 6 suggest that Metro Manila’s water and sanitation system remains 
largely shaped by a linear water economy. Only 25.9% and 24.1% of those in the east and 
west zones, respectively, have access to both piped water and wastewater services. This 
means that only 0.659 MCM (million cubic meters) per year, or 1.9 MLD (million liters per 
day), is conveyed to sewerage systems where it can be treated before being reused or safely 
returned to the environment. The limited scale of this integrated service chain highlights how 
little of the region’s domestic water cycle currently operates within a circular framework 
despite having the most comprehensive and sophisticated water and wastewater network 
in the country.  
 
In contrast, the majority of households remain unserved with both piped water and 
wastewater systems. Therefore, this signals that circularity is only minimally present in the 
services provided by the concessionaires. Based on the estimated household greywater 
generation, around 1.996 MCM per year (approximately 5.56 MLD) is not discharged to any 
sewerage system and therefore remains untreated. Because this greywater does not enter 
formal treatment or reuse pathways, it is eƯectively excluded from return flows. 
Consequently, this does not support water recovery, reduce abstraction pressure, and 
contributes to increasing water scarcity and security problems.  
 
Insights on Household Inner Loops From Descriptives 
 
Although the discussion on the descriptives primarily captures household water sources, 
drinking water choices, toilet configurations, and volumetric use, it also reveals that inner 
household loops of circularity are either weak or absent in Metro Manila. The overwhelming 
reliance on piped water for general use, combined with strong dependence on water refilling 
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stations for drinking, suggests that users treat utility-provided water as a single-pass input. 
This contrasts with a circular economy, in which water provided by utilities is considered a 
resource to be conserved, cascaded, or reused. The absence of rainwater use, despite 
having considerable rainy months in the country, and the lack of in-home reuse technologies 
suggest that very few engage in circular practices.8 Similarly, the reliance of many 
households on septic tanks rather than sewerage systems implies that domestic wastewater 
leaves their boundaries without in-house recycling or any form of pre-treatment. Thus, 
reinforcing a linear “use-and-dispose” pattern. These indicators show that inner loops are 
largely underdeveloped, whether through demand reduction, reuse, or in-house recycling. 
Therefore, household water behavior in the region remains structurally aligned with a linear 
model rather than a circular one.  
 
Demand Estimation 
 
The study uses the AIDS model to estimate household water demand, utilizing the 2021 
FIES-LFS dataset. Further, the study uses the syntax of Lecoq and Robin (2015) in estimating 
the own-price, cross-price, and income elasticities. Additionally, the restrictions of 
homogeneity and symmetry hold. Table 7 shows the own-price, cross-price, and income 
elasticities of households in each concession area.  
 
The elasticity estimates from the AIDS model suggest that households in both areas are 
price-inelastic. This is consistent with the literature, which considers residential water a 
necessity and shows limited responsiveness to tariƯ changes (Dalhuisen et al., 2003; 
Nauges & Whittington, 2010). Income elasticities confirm that families perceive the services 
of both utilities as a normal but essential good, meaning that consumption rises marginally 
as income increases. Yet, looking at the own-price and income elasticities shows that 
linearity persists. Households treat utility-water as “take-use-dispose” due to little 
adjustments in water use behavior despite tariƯ changes. This behavioral rigidity limits the 
eƯectiveness of tariƯ-based instruments in shifting consumers towards more circular 
practices, such as greywater reuse and demand reduction.  
 
The elasticities further provide insights into the barriers that prevent households and the 
concessionaires from shifting into a circular economy. Estimates show that the marginal 
diƯerence in the consumers’ elasticities between served and unserved groups underscores 
that the main barrier to circularity is not demand behavior, but infrastructure access. The 
near-identical price and income elasticities of those that have access to both water and 
wastewater services versus those that do not suggest that behavioral factors alone cannot 
explain the limited uptake, recycling, or resource-recovery practices. Those without access 
to sewerage systems remain locked out of reuse pathways because their wastewater is not 
collected or treated. The result is that it excludes such customers from any circular 

 
8 Typically, the rainy season in the Philippines lasts from June to November of each calendar year. 
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pathways, particularly greywater reuse or reclaimed water systems. This finding aligns with 
Larsen et al. (2016) and Makropoulous and Butler (2010), who found that circular water 
systems are dependent on the presence of collection and treatment infrastructure. Without 
those, households cannot participate regardless of their willingness or ability to conserve 
water. Additionally, Kennedy-Walker et al. (2014) and Trimmer et al. (2019) suggested that in 
highly urbanized cities in developing economies, lower sewerage coverage locks 
communities into linear “use-and-dispose” systems. Wastewater becomes an unmanaged 
pollutant rather than a reusable resource. Even when households have positive attitudes 
towards reuse, the absence of treatment facilities and proper sewerage systems or networks 
prevents utilities from producing reclaimed water at scale, reinforcing structural rather than 
behavioral barriers (Garcia & Pargament, 2015). Thus, the elasticities empirically support an 
important claim: circular water transitions fail not because households resist change, but 
because the enabling infrastructure is incomplete. As a result, large portions of the 
population in Metro Manila served by Maynilad and Manila Water remain locked out of 
circular flows by design rather than by choice.  
 

Table 7 
Water Demand Elasticities of Households in Metro Manila Per Concession Area 

Elasticity estimates Manila Water Maynilad 
Served (water + sewerage access)  

    Water demand own-price (ℇD) -0.441*** -0.468*** 
  (0.010) (0.009) 

Food cross-price elasticity (ℇF) -0.016*** -0.015*** 
  (0.001) (0.001) 

Health cross-price elasticity (ℇH) -0.029 -0.031 
  (0.016) (0.017) 

Electricity cross-price elasticity (ℇelec) 0.070*** 0.071*** 
  (0.003) (0.003) 

Other goods cross-price elasticity (ℇG) -0.020*** -0.021*** 
  (0.001) (0.001) 

Income elasticity (ℇI) 0.550*** 0.572*** 
  (0.012) (0.011) 

Unserved (water access only)  
    Water demand own-price (ℇD) -0.456*** -0.465*** 

  (0.010) (0.009) 
Food cross-price elasticity (ℇF) -0.016*** -0.016*** 

  (0.001) (0.001) 
Health cross-price elasticity (ℇH) -0.030 -0.031 

  (0.016) (0.017) 
Electricity cross-price elasticity (ℇelec) 0.071*** 0.071*** 

  (0.003) (0.003) 
Other goods cross-price elasticity (ℇG) -0.021*** -0.021*** 

  (0.001) (0.001) 
Income elasticity (ℇI) 0.562*** 0.570*** 

  (0.012) (0.011) 
Statistical significance: *p<0.05, **p<0.01, ***p<0.001; Italicized values are standard deviations.  
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Concluding Remarks 

 
In conclusion, the empirical evidence presented underscores that achieving a circular water 
economy in Metro Manila is fundamentally an infrastructure challenge rather than a 
behavioral one. The near-identical, price-inelastic demand dynamics across both served 
and unserved households reveal that consumers cannot simply shift their way out of a linear 
system. This is especially true when the structural capacity for resource recovery is 
physically missing. With the majority of domestic water usage treated as a single-pass input 
and millions of cubic meters of estimated greywater bypassing centralized treatment 
annually, the region remains locked into a “take-use-dispose” model by design rather than 
by choice.  
 
Consequently, future policy frameworks must shift their focus away from a reliance on tariƯ-
based demand management. Analysis and results of the study demonstrate that it is 
ineƯective at altering consumption rigidity due to the essential nature of utility water. 
Instead, the concessionaires and the government regulator should pivot towards aggressive 
capital investments in integrated wastewater networks and centralized sewerage systems. 
Until these physical infrastructure gaps are closed to capture and treat unserved greywater, 
sustainable water reclamation and long-term resilience in the region will remain 
unaddressed. Ultimately, this leaves Metro Manila out of the circular economy.  
 

Limitations 
 
The study acknowledges the limitations in its analysis. Firstly, the dataset uses the 2021 
FIES-LFS in the absence of household-level and micro-level data from the concessionaires. 
Household characteristics and access to water and wastewater infrastructure are key to the 
analysis; however, both are not publicly made available from the utilities due to data privacy 
rules in the country. Secondly, the analysis utilizes the 2021 FIES-LFS rather than the 2023 
version. This is because the public-use file that the PSA provides does not disaggregate the 
expenditure on water supply and does not indicate the type of toilet facility, source of water 
supply, and other water and wastewater-related infrastructure access in the 2023 version. 
Additionally, the study considers the source of water supply as indicated in the survey. 
Although we acknowledge that households can have multiple sources, such as piped water 
and water refilling stations, these are not reflected in the PSA enumeration in the 2021 FIES-
LFS. Thirdly, because the physical water use volume is not available from the survey, the 
authors manually computed water consumption per household using the available 
increasing block tariƯ tables of the consumers. Particularly, the study used the 2019 tariƯ 
tables as prices remained generally static from 2019 to 2021 due to the COVID-19 pandemic 
(see Appendix). The fourth limitation is that the study does not include desludging as part of 
the sewerage system services. Apart from this, it is not indicated in the 2021 FIES-LFS; 
desludging services are provided by concessionaires every 5 years, which are usually free of 
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charge. The fifth limitation is that to estimate the prices of electricity, food, health, and other 
goods, the study employs a procedure (see Appendix) that uses the Consumer Price Index 
(CPI), constant 2018, and the expenditure shares for each consequent good included in the 
estimation for cross-price elasticity estimation. Lastly, the estimates and discussion are 
only centered on the water services in Metro Manila given the focus on the linear and circular 
economy in highly urbanized cities with well-established water utilities.  
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Appendix 
 
The discussion in this section purely draws from Lamberte (2022) to compute water 
consumption and the prices of other goods from the FIES data. 
 
Given that the water districts use an increasing-block tariƯ, we computed the maximum cost 
for each successive block. The total cost for each block is then added to the cost of the 
previous block/s to reflect the behavior of the increasing block tariƯ. Dahan and Nisan (2007) 
introduced how the budget constraint of a household that maximizes its utility is estimated 
using a three-block IBT, as shown in Figure A1.  
 

Figure A1: Three-block IBT 

 
We considered a household with a water supply expenditure represented by E. Let water 
consumption be denoted by w. If the household faces three increasing blocks, then each 
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block has a price (pi) for each ith price block. The range of the first block is represented as 
w1, while the second block is represented as w2. If we compute the total water supply 
expenditure of the household, it is faced with three segments, and each segment is shown 
in each equation below:  
 

𝐸 =  𝑝ଵ𝑤                              𝑖𝑓 𝑤 < 𝑤ଵ                                                         (A1) 
𝐸 + (𝑝ଶ − 𝑝ଵ)𝑤ଵ = 𝑝ଶ𝑤           𝑖𝑓 𝑤ଵ < 𝑤 < 𝑤ଵ + 𝑤ଶ                           (A2) 
𝐸 + (𝑝ଷ − 𝑝ଶ)𝑤ଶ + (𝑝ଷ − 𝑝ଵ)𝑤ଵ = 𝑝ଷ𝑤    𝑖𝑓 𝑤 > 𝑤ଵ + 𝑤ଶ                (A3) 

 
We can derive that the water consumption, using Equation A4, is: 
 

𝑤 =
𝐸 − (𝑝ଶ𝑤ଶ + 𝑝ଵ𝑤ଵ)

𝑝ଷ
+ (𝑤ଶ + 𝑤ଵ)                                                     ( A4) 

 
Converting Equation A4 into a general form for any IBT with n number of blocks: 

𝑤 =
𝐸 − ∑ 𝑝௜𝑤௜

௡
ଵ

𝑝௡
+ (෍ 𝑤௜)                                                                       (A5)

௡

ଵ

 

or 

𝑤 = (෍ 𝑤௜) −

௡

ଵ

∑ 𝑝௜𝑤௜ + 𝐸௡
ଵ

𝑝௡
                                                                       (A6) 

where price pn is the maximum price of the highest block.  
Following the discussion above, the study adopts Equation A5. The consumption of water is 
then computed as: 
 

𝑊𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛௛ = 𝑀𝑎𝑥𝐶𝑏𝑙𝑜𝑐𝑘௝ − 
൫𝐶𝑜𝑠𝑡𝐵𝑙𝑜𝑐𝑘௝ − 𝑊𝑎𝑡𝐸𝑥𝑝௛௝൯

𝑀𝑎𝑥𝑃𝑟𝑖𝑐𝑒𝐵𝑙𝑜𝑐𝑘௝
                       (A7) 

 
where h is the household and j is the concession (Manila Water or Maynilad).  

 𝑊𝑎𝑡𝐸𝑥𝑝௛௝  is the water supply expenditure and is equivalent to E in equation e.  
 𝐶𝑜𝑠𝑡𝐵𝑙𝑜𝑐𝑘௝  is the total cost of the price block based on 𝑊𝑎𝑡𝐸𝑥𝑝௜௝. 𝐶𝑜𝑠𝑡𝐵𝑙𝑜𝑐𝑘௝  is 

equal to ∑ 𝑝௜𝑤௜
௡
ଵ  in equation e. But using the IBT of the concessionaires, it is then 

modified as 𝐶𝑜𝑠𝑡𝐵𝑙𝑜𝑐𝑘௝ = 𝑝ଵ + ∑ 𝑝௜𝑤௜
௡
ଶ , since the initial block will have a 

constant price even if the household consumes less than 10 cu.m.  
 𝑀𝑎𝑥𝑃𝑟𝑖𝑐𝑒𝐵𝑙𝑜𝑐𝑘௝ is the price of the highest block, and it is 𝑝௡ in Equation A5.   
 𝑀𝑎𝑥𝐶𝑏𝑙𝑜𝑐𝑘௝ is the maximum cu.m. consumption for the specific price block, and 

is equal to (∑ 𝑤௜)௡
ଵ  in Equation A6.  

It should be noted that the total water supply expenditure is converted to a monthly basis 
because households are charged monthly. After estimating the monthly water consumption, 
the eƯective per unit price for each household is computed using Equation A8:  
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𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝑝𝑟𝑖𝑐𝑒 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 =  
𝑊𝑎𝑡𝐸𝑥𝑝௛௝

𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛௛
                                           (A8) 

 
In estimating the CPI of the other goods, we compute the expenditure shares and the price 
index as follows:  
 

𝐸𝑥𝑝𝑒𝑛𝑑𝑖𝑡𝑢𝑟𝑒 𝑠ℎ𝑎𝑟𝑒 =  
𝐸𝑥𝑝𝑒𝑛𝑑𝑖𝑡𝑢𝑟𝑒௔

𝑇𝑜𝑡𝑎𝑙 𝑒𝑥𝑝𝑒𝑛𝑑𝑖𝑡𝑢𝑟𝑒
                                           (A9) 

where a is the item expenditure.  

The PSA reports the specific CPI of each good on an annual basis. In this study, the CPI was 
based on constant 2018 prices. This is why all price indices for all goods have a base of 100. 
To estimate the CPI of each item, we use Equation A10. 

𝐶𝑃𝐼௔ = 𝑒𝑥𝑝𝑒𝑛𝑑𝑖𝑡𝑢𝑟𝑒 𝑠ℎ𝑎𝑟𝑒௔ × 𝐶𝑃𝐼௕                                                    (A10) 
where 𝐶𝑃𝐼௔ is the CPI of the specific item and 𝐶𝑃𝐼௕ is the reported CPI of that item by the PSA 
at a specific year t, which is 2018. This method is consistent with the PSA’s methodology with 
regard to estimating the total CPI (All items), where each item’s weights were multiplied by 
their corresponding CPI. 

After estimating the 𝐶𝑃𝐼௔ for each good, we take the sum to arrive at the CPI of electricity, 
health, and other goods. Thus, 

𝐶𝑃𝐼ே௢௡௪௔௧௘௥&௘௟௘௖௧௥௜௖௜௧௬ = ෍ 𝐶𝑃𝐼௔                                                        (A11) 

The estimated CPI using Equation A11 is the corresponding price index for each household 
for electricity, health, and the other goods used in the analysis of the cross-price 
elasticities.  
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