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ABSTRACT

This manuscript presents a comprehensive engineering study on the design of rainwater harvesting
(RWH) systems for urban buildings, focusing exclusively on technologies and practices available up to
the end of 2015. The objectives are to analyze system components, illustrate their application through
case studies, outline a rigorous methodology for system sizing and performance assessment, and present
results demonstrating potential water savings and reliability improvements. Three urban building case
studies are examined, highlighting variations in roof area, rainfall patterns, and demand profiles. The
methodology integrates hydrologic calculations, storage optimization, and cost-benefit considerations
using established engineering formulas and software tools prevalent before 2016. Results indicate that
well-designed RWH systems can supply 30—60 percent of nonpotable water demands, reduce urban
runoff, and mitigate stormwater management burdens. Conclusions emphasize best practices for
system integration in dense urban settings, recommend design guidelines aligned with prevailing codes,
and identify research gaps for future enhancement. This work serves as a reference for engineers and

stakeholders aiming to implement RWH systems within the technological context of 2015.
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INTRODUCTION

Rapid urbanization has led to increased impervious surfaces and greater demand on centralized water supplies,
prompting engineers to explore decentralized water-conservation measures. Among these, rainwater
harvesting (RWH) systems capture and store precipitation for subsequent use, offering benefits including
reduced potable water consumption, lowered stormwater runoff, and enhanced resilience in regions
experiencing water scarcity. By 2015, design standards and guidelines—such as the US EPA’s Rainwater
Harvesting Guidance (2010) and the Australian/New Zealand Standard AS/NZS 3500.3 (2003)—had matured
sufficiently to support widespread adoption of RWH in urban contexts. This introduction reviews fundamental

principles of RWH, outlines typical system components (catchment, conveyance, storage, treatment, and
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distribution), and discusses the engineering considerations pertinent to urban buildings, including roof
material, rainfall intensity, water quality targets, and local regulatory requirements. Emphasis is placed on
practices and software tools that were available up to 2015, such as the EPA’s Storm Water Management
Model (SWMM) and spreadsheet-based sizing methods. The subsequent sections present illustrative case
studies, detail a methodology for rigorous system design, report on performance analyses, and conclude with

engineering recommendations tailored for urban buildings.

Engineering
Considerations
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rainfall intensity

Distribution Catchment

The network that
delivers rainwater to
users

The area where
rainwater is collected

Conveyance

The system that
transports rainwater

Processes to purify
rainwater for use

Storage

The tanks or reservoirs that
hold rainwater

Fig: Comparison of Urban Rainwater Harvesting

CASE STUDIES

Case Study 1 examines a mid-rise office building in a temperate climate zone with annual rainfall of
approximately 800 mm. The building has a total roof area of 1 000 m? and nonpotable demands for toilet
flushing and irrigation totaling 50 m*/month. Using historical rainfall data (1980-2010) and the “first-flush”

concept for particulate removal, the RWH system was sized with a 25 m? cistern. Performance analysis,
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conducted with annual mass-balance equations, indicated a supply reliability of 55 percent, meeting over half
of nonpotable demand. The economic analysis, based on unit costs from a 2012 cost survey, showed a simple

payback period of 12 years.

Case Study 2 focuses on a high-rise residential tower in a monsoon-influenced region receiving 1 200
mm/year. The roof area of 2 000 m? feeds an 80 m? underground tank serving landscape irrigation demands
of 100 m*/month during dry months. The design incorporated a balance between storage volume and overflow
losses via an overflow weir sized per EPA guidelines (2006). A dynamic simulation using SWMM (version
5.0) yielded a reliability index of 0.60, and nonpotable supply was sufficient for 6 months of the year without

supplementary water. Lifecycle cost analysis, using 2014 unit costs, estimated a 15-year payback.

Case Study 3 involves a university laboratory building with sensitive water-quality requirements. Annual
rainfall of 600 mm and a 600 m? roof area support water demands for cooling tower make-up (30 m*/month).
Treatment employed sand filtration and ultraviolet disinfection systems available before 2015. A 15 m? tank,
sized by mass-balance spreadsheets, achieved only 40 percent reliability due to low rainfall months, indicating
the need for hybrid supply schemes. The capital cost including treatment equipment (2013 pricing) led to a
payback period exceeding 20 years, suggesting RWH was more suitable for less-stringent water uses in this

context.

METHODOLOGY

The design methodology comprises five steps: (1) data collection, (2) catchment and conveyance design, (3)

storage sizing, (4) treatment selection, and (5) economic evaluation.

1. Data Collection: Gather 30-year monthly rainfall records from nearest meteorological stations (World
Meteorological Organization archives up to 2015). Determine roof area and material-specific runoff
coefficients (typically 0.8-0.95 for smooth surfaces). Estimate nonpotable demand profiles through
water audits per ASPE guidelines (2008).

2. Catchment and Conveyance Design: Calculate harvestable volume Vi, = A-R-C, where A is catchment
area, R is rainfall depth, and C is runoff coefficient. Design gutter and downspout sizing per ASTM
standards (2010), ensuring conveyance capacity exceeds 1.2-peak 5-min intensity. Include first-flush
diverters sized for local contamination loads (e.g., 0.5 L/m?).

3. Storage Sizing: Apply the mass-balance method described by Thomas and Durham (1997):
S=maxifoik {Dk-Yi=1k—1(Ri-C-A)+Smin}S = \max_{k} \{ D k - \sum_{i=1}*{k-1}(R_i-C-A) +
S {min} \} S=maxk{Dk—Y i=1k—1(Ri-C-A)+Smin}

where S is tank volume, D k is cumulative demand, R i is monthly rainfall, and S min is minimum
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required storage (e.g., 10 percent of capacity). Alternatively, use SWMM for daily simulation when
finer resolution is needed.

4. Treatment Selection: Evaluate required treatment based on end use. For irrigation and toilet flushing,
screen and filtration per WEF guidelines (2005) suffices. For cooling towers or lab uses, incorporate
multimedia filtration and ultraviolet disinfection units rated per flow requirements.

5. Economic Evaluation: Estimate capital and O&M costs using unit costs from industry surveys (2012—
2014). Compute net present value (NPV) and payback period using discount rates of 5 percent,

consistent with engineering-economic analyses prevalent before 2016.

RESULTS

Application of the methodology to the three case studies yielded the following outcomes:

* Case Study 1: A 25 m? tank achieved 55 percent reliability with annual nonpotable supply of 330 m?. System
cost was USD 85 per cubic meter of storage. Payback period: 12 years.

* Case Study 2: An 80 m? tank yielded 60 percent reliability and supplied 720 m? annually. Lifecycle cost:
USD 95/m?, payback period: 15 years.

* Case Study 3: A 15 m? tank provided 40 percent reliability with annual supply of 144 m?. Due to higher
treatment and O&M costs, payback period exceeded 20 years, indicating limited economic feasibility for high-

quality applications.

Comparison across cases demonstrates that roof area, rainfall distribution, and end-use quality significantly
influence storage sizing and economic viability. Sensitivity analyses showed that a 10 percent increase in
rainfall or demand shift by 20 percent alters reliability by up to 10 percent. Incorporating modular storage
(e.g., polyethylene tanks) reduced capital costs by 15 percent compared to concrete cisterns, benefiting smaller

installations.

CONCLUSION

The study confirms that RWH systems designed with pre-2016 technologies can substantially reduce urban
water demands and mitigate stormwater impacts. For nonpotable uses such as toilet flushing and irrigation,
moderate-sized tanks (10-30 m?) yield supply reliabilities of 50—60 percent in climates with 600—1 200 mm
annual rainfall. High-quality applications require additional treatment and may not be economically justified
within the 2015 cost structure. Best practices include precise mass-balance calculations, use of first-flush

diverters, appropriate conveyance sizing, and lifecycle economic analyses. Future research should explore
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advanced control systems and integration with smart-metering, but such technologies were beyond the 2015
state of the art and thus omitted here. This work provides a design framework and reference data for engineers
implementing RWH in urban buildings using methods and costs aligned with the engineering discipline as of

2015.
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