Decentralized Hydrological Architecture
for Integrated Agro-Gastronomic
Facilities: Demand Modeling, Catchment

Scale, and Circular Reuse
Introduction to the Hydrological Imperative

The convergence of commercial gastronomy, artisanal dairy processing, and localized
agriculture into a singular operational footprint represents a highly synergistic, yet
extraordinarily resource-intensive infrastructure model. Historically, facilities of this nature have
relied exclusively on centralized municipal grids to satisfy their high volumetric water demands.
However, escalating climatic volatility, multi-year meteorological droughts, and the rising
energy intensity of municipal water treatment are forcing a structural paradigm shift toward
decentralized, autonomous water management.

In regions experiencing severe hydrological stress—such as the Berlin-Brandenburg basin,
which has suffered from significant groundwater recharge deficits, record-high temperatures,
and recurring drought conditions that propagate into profound soil moisture and hydrological
deficits—the implementation of closed-loop water architectures is no longer solely an
environmental prerogative, but a critical vector for operational survival'. Complex interactions
between reduced precipitation, high regional evapotranspiration, and the phase-out of lignite
mining discharges have drastically reduced surface water buffers like the river Spree,
underscoring the vulnerability of municipal supplies that depend on bank filtration and
groundwater extraction®.

Concurrently, the financial burden of water acquisition and wastewater discharge is escalating.
European municipal water tariffs have seen double-digit percentage increases in recent years,
with combined fresh water and wastewater costs in major urban centers frequently exceeding
four euros per cubic meter®. This report provides an exhaustive technical analysis of the daily
potable and non-potable water requirements for a thriving, integrated facility. By applying
international hydrological benchmarks and dynamic mass-balance equations, the analysis
models the precise scale of rainwater catchment systems required to offset this demand.
Furthermore, it explores the deep integration of advanced treatment trains, stringent
regulatory compliance frameworks, and circular reuse strategies—specifically Condensate of
Whey (COW) and agricultural greywater reclamation—necessary to optimize the life cycle
costs and energy intensity of the facility.

High-Resolution Demand Profiling

To accurately model the catchment and storage architecture, a granular, empirically grounded
assessment of the facility's daily water demand must be established. Water utilization within
integrated agro-gastronomic facilities is strictly bifurcated into potable demand—subject to



rigorous public health and food safety standards—and non-potable demand, which can be
satisfied through appropriately treated reclaimed water or harvested rainwater. The baseline
facility modeled in this analysis comprises a commercial kitchen serving 1,000 food covers
daily, a dairy plant processing 2,000 liters of milk per day, and a supporting agricultural unit
consisting of high-density livestock and 0.5 hectares of seasonal crop cultivation.
Commercial Kitchen Operations

Commercial kitchens represent one of the most water-intensive nodes in the hospitality sector,
with consumption driven primarily by dishwashing, food preparation, thawing protocols, and
facility sanitation. Benchmarking data from comprehensive water-efficiency studies across
various jurisdictions indicates that water consumption can range drastically from 22 to 110 liters
(6 to 29 gallons) per meal, depending almost entirely on operational efficiency, the prevalence
of continuous-flow fixtures, and equipment standards®.

Under optimized, highly efficient conditions, the standard benchmark for a commercial kitchen
is between 35 and 45 liters per food cover’. Assuming the facility operates a thriving kitchen
producing 1,000 meals per day at an aggressive, efficient benchmark of 35 liters per cover, the
total daily water demand equates to 35,000 liters.

This demand is dynamically partitioned between potable and non-potable requirements. Food
preparation, cooking, and direct drinking water provision constitute approximately 25% of the
total load (8,750 liters). The remaining 75% (26,250 liters) is utilized for non-potable
applications, including automated conveyer-type dishwashing, scrapper troughs, floor
washdowns, and patron restroom flushing®. Implementing solenoid valves on garbage
disposers and utilizing low-flow aerators are critical demand-side management strategies to
maintain this efficiency baseline®.

A fundamental technical constraint in commercial kitchen wastewater management is the
mandatory interception of fats, oils, and grease (FOG). Pursuant to the German standard DIN
4040-100 and the European standard EN 1825, any facility discharging greasy wastewater
must install a certified grease separator'. These gravity-based systems decelerate the effluent
via internal baffle walls, allowing lipophilic substances to float to the surface while heavier solids
settle into a basal sludge trap'. Sizing these separators accurately requires calculating the
maximum wastewater flow, factoring in the density of the oils, the ambient wastewater
temperature, and the specific cleaner and detergent solutions utilized'™. The rigorous
adherence to DIN 4040-100 is not merely a municipal compliance metric; it is the absolute
prerequisite that protects downstream membrane filtration systems from catastrophic,
irreversible biofouling if the kitchen's greywater is ultimately to be reclaimed for agricultural
reuse’.

Small-Scale Dairy Processing Dynamics

Dairy processing is uniquely characterized by high water-to-product ratios and the generation
of effluent with extreme biochemical oxygen demand (BOD) and chemical oxygen demand
(COD) profiles. The global benchmark for direct water use in dairy operations averages 3.31
liters of water per kilogram of milk processed, though inefficient, older plants can consume
upwards of 10 liters".



For a facility processing 2,000 liters of milk daily, operating at a highly optimized direct water
use parameter of 3.5 liters per liter of milk, the total daily water demand stabilizes at 7,000
liters. The allocation of this water is highly specific and thermodynamically intensive.
Pasteurization and thermal processing account for roughly 20% to 25% of total water use'”.
Cooling towers and boiler feed makeup constitute a further 12% to 13% of the demand".
However, Cleaning-in-Place (CIP) operations represent the most significant continuous
non-product water draw, accounting for 25% to 28% of the total volume globally'®, and
frequently consuming up to 75% of the non-product water in specific sub-processes®. CIP is
critical for microbial control but is highly resource-intensive, utilizing severe pH
swings—alternating between sodium hydroxide for alkaline washes and nitric acid for acidic
descale cycles?'. In total, approximately 3,000 liters of the dairy's daily requirement must be
strictly potable, utilized for direct product contact, ingredient formulation, and final
pathogen-free CIP rinses. The remaining 4,000 liters, utilized for primary CIP flushes, boiler
feeds, and external washdowns, can be supplied by non-potable sources, provided the water
meets strict technical specifications'®.

Agricultural Operations and Seasonal Volatility

The agricultural component introduces a complex duality to the hydrological model: a constant,
predictable baseline demand from livestock, juxtaposed against a highly volatile seasonal
demand for crop irrigation.

Animal hydration requires potable-grade water to prevent the introduction and transmission of
zoonotic pathogens or the accumulation of heavy metals. Standard veterinary and agricultural
consumption metrics dictate that a mixed herd of 20 dairy cows, 30 pigs, and 200 hens will
cumulatively consume approximately 3,000 liters of potable water daily. Facility washdown and
sanitation for the animal enclosures—critical for managing manure and preventing the spread
of enteric bacteria—require an estimated 1,000 liters of non-potable water daily**.

The facility maintains 0.5 hectares of high-yield vegetable crops. Agricultural irrigation is
subject to extreme seasonal volatility driven by regional evapotranspiration rates. During the
peak summer growing season (May through September), irrigation demands can surge
dramatically to 20,000 liters per day to counteract soil moisture deficits, while winter demand
drops to zero®.

Operational Daily Potable Daily Total Daily Peak Summer

Node Demand (L) Non-Potable Demand (L) Total (L/day)
Demand (L)

Commercial 8,750 26,250 35,000 35,000

Kitchen

Dairy 3,000 4,000 7,000 7,000

Processing



Livestock 3,000 1,000 4,000 4,000
(Farm)

Crop 0 0 (Winter) 0 20,000
Irrigation (0.5

ha)

Aggregate 14,750 31,250 46,000 66,000
Facility Total

Table 1: Aggregated Daily Water Demand Profile. The integrated facility requires a constant
baseline of 46,000 liters per day, scaling to 66,000 liters during peak summer irrigation.

Hydrological Catchment Modeling and Climate
Resilience

To ascertain the technical viability of supplying this immense volumetric demand strictly
through rainwater harvesting, rigorous hydrological and geospatial modeling is required. The
requisite scale of the catchment system is a mathematical function of the local meteorological
profile, the aerodynamic and material properties of the roof, filtration efficiencies, and the
target offset percentage.

Climatic Baselines and Annual Rainwater Yield

For the purposes of this analysis, the meteorological parameters of the Berlin-Brandenburg
region serve as the baseline. This area exhibits a temperate, moderately dry continental climate
(Képpen Cfb), receiving an average annual precipitation ranging between 539 mm and 618 mm,
with a widely accepted mean of approximately 591 mm distributed across 167 rainy days®.
Summer months produce the highest volumetric totals due to intense, localized convective
storms, while transition months exhibit highly variable atmospheric instability'.

The Annual Rainwater Yield is calculated using standard mass-balance methodologies,
incorporating loss coefficients inherent to the physical capture process®. The defining
equation is:

ARY =P x Ax C xn

Where:
0.591 m s

° P represents the mean annual precipitation (

° represents the horizontal catchment surface area in square meters.



° ¢ is the dimensionless runoff coefficient. For pitched roofs covered with smooth tiles or
corrugated metal, the coefficient is reliably established at 0.90, reflecting a 10% loss to
evaporation and surface adhesion®,

o 1 is the filter efficiency coefficient. Standard centrifugal vortex or cascaded pre-filters

0.90

operate at approximately 90% volumetric efficiency (77 - ), with the remaining
10% carrying particulate matter to the storm drain®®.
Applying these parameters, the effective specific yield per square meter of catchment area in

0.591 x 0.90 x 0.90 = 0.4787

this specific climate is cubic meters per square meter
per year.

Catchment Area Dimensioning

Determining the required roof area necessitates aggregating the total annual water demand for
the facility. The constant baseline demand of 46 cubic meters per day yields an annual baseline
of 16,790 cubic meters. The seasonal irrigation demand, assuming 20 cubic meters per day for
a 150-day peak season, adds an additional 3,000 cubic meters. Consequently, the absolute
total annual demand is 19,790 cubic meters®.

To achieve 100% water autonomy strictly through rainwater harvesting, the required
catchment area is calculated by dividing the total annual demand by the specific yield:

19,790 m®
~0.4787 m3/m?

= 41,341 m?

A catchment area of 41,341 square meters—exceeding 4.1 hectares—is an immense
architectural footprint, vastly exceeding the physical constraints and capital allocations of a
standard integrated agro-gastronomic facility. This mathematical reality generates a primary
structural insight regarding modern sustainable architecture: Relying solely on macroscopic
rainwater harvesting for high-demand industrial and hospitality facilities is geographically and
structurally prohibitive in temperate or dry climates. True water autonomy can only be achieved
by coupling primary rainwater harvesting with aggressive, closed-loop wastewater reclamation
to drastically compress the baseline demand.

Extreme Weather Events and Roof Drainage Capacity

While calculating annual yields provides a macro-level understanding of water availability, the
physical infrastructure must be engineered to handle micro-level extremes. Precipitation is not
uniformly distributed; rather, the region is experiencing a documented intensification of
short-duration, high-intensity convective storms driven by climate change?.

In Germany, the dimensioning of roof drainage systems is strictly governed by DIN 1986-100,
which dictates that gutter profiles and downpipe capacities must safely evacuate the peak
runoff from a calculated century-level rainfall event, commonly referred to as a 100-year
storm®*. The statistical precipitation intensities utilized for this calculation are derived from the



KOSTRA-DWD dataset™.

Recent climate change modeling indicates that extreme 1-hour, 100-year convective storms
(Euler-2 type temporal evolution) in the Berlin region are intensifying, with projected increases
in rainfall sums of up to 46%, and localized peak intensities potentially increasing by over
120%°2. This climatic shift yields a secondary infrastructural insight: The historical, linear
relationship between standard roof area and gutter sizing is rapidly breaking down. Due to the
increasing frequency of intense pluvial deluges, drainage infrastructure must be drastically
oversized. Furthermore, the downstream storage tanks must incorporate substantial
emergency freeboard to act as decentralized stormwater retention buffers. This protects
municipal sewer systems from combined sewer overflows while simultaneously capturing
sporadic, massive influxes of water that would otherwise be lost to the watershed®%.

Geotechnical Storage Architecture and Cistern Sizing

Because precipitation patterns are highly erratic, substantial volumetric storage is required to
bridge prolonged periods of drought. The determination of optimal tank size must balance the
statistical probability of dry spells against the exponential capital expenditures associated with
subterranean excavation and material costs.

Volumetric Sizing Principles

According to the German standard DIN 1989-1 (Rainwater Harvesting Systems), the preliminary
sizing of a storage tank should, at a minimum, accommodate a standard dry weather period of
21 days*°. Behavioral simulation models and the Rippl diagram method provide a more dynamic
mass-balance approach, routing inflows and outflows through time-series algorithms®.
However, the standard 21-day buffer remains a robust baseline for preliminary engineering.
The storage volume is calculated as:

21
.[/tank = min(ARY, ARD) X (E)

Assuming the facility aims to buffer the peak summer demand of 66 cubic meters per day:

Viank = 66 m®/day x 21 days = 1,386 m®

Subterranean Geotechnical Constraints

To store nearly 1.4 million liters, a modular array of heavy-duty, water-impermeable concrete
underground cisterns is required®’. While polyethylene (PE) or fiberglass tanks are common for
residential applications due to their lightweight nature and seamless construction®,
high-capacity industrial storage heavily favors monolithic concrete (e.g., C35/45 concrete)®.
Concrete naturally neutralizes the slight acidity of incoming rainwater and offers unparalleled
structural resistance to extreme subterranean lateral pressures, high groundwater tables, and
heavy surface loads (such as Class D 40-tonne commercial vehicle traffic over the installation



site).

Furthermore, subsurface installation introduces critical geothermal and thermodynamic
constraints. In central Europe, the frost penetration depth requires that all water-bearing
infrastructure, cistern inlets, and distribution manifolds be buried at a minimum depth of 80 to
115 centimeters below grade to prevent catastrophic freezing®®. The physical properties of
frozen ground—where pore water expands, increasing restraint and brittleness—mean that
failure to adhere to frost-line engineering will result in winter blockages, pump cavitation, and
fractured conduits*°. Excavation and earthworks to these depths for a 1,386 cubic meter array
represent a massive segment of the initial capital expenditure, necessitating meticulous soil

investigations prior to deployment®.
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Table 2: Monthly Water Balance Simulation. Data extrapolated based on a hypothetical
fully-offset 1.8-hectare catchment, demonstrating the severe deficit during peak summer
irrigation months, further necessitating dynamic storage and aggressive wastewater reuse®*.

Advanced Water Treatment and Regulatory
Compliance

Rainwater, while naturally soft and devoid of the chemical chlorination found in municipal
supplies, is highly susceptible to atmospheric and localized contamination. Roof runoff
invariably collects heavy metals, microplastics, avian and mammalian feces, and environmental
particulate matter*. Studies analyzing the microbiological quality of roof-harvested rainwater
consistently report high concentrations of coliform bacteria, Enterococci, and Clostridium
perfringens, particularly in the warmer summer months®.

If harvested rainwater is to supply the facility's 14,750-liter daily potable demand, it must
undergo aggressive, multi-stage purification to meet the stringent parameters of the
Trinkwasserverordnung (TrinkwV - German Drinking Water Ordinance). The TrinkwV mandates
that water intended for human consumption—which legally encompasses all water used for
food preparation and dairy equipment sanitation—must be utterly free of pathogens and toxic
chemical residues™.

The Multi-Barrier Treatment Train
To achieve absolute biosecurity, the facility must implement an advanced treatment train
characterized by rigorous redundancy.

1. Automated First-Flush Diversion: The highest concentration of microbial and chemical
pollutants is suspended in the initial millimeters of rainfall. Modern industrial RWH
systems employ SCADA-integrated automated first-flush diverters®®. Utilizing inline
turbidity sensors measuring Nephelometric Turbidity Units (NTU) and pH sensors, the
system continuously analyzes the incoming runoff. Highly contaminated initial flows are
automatically redirected to the stormwater drain. Only when the water quality reaches a
pre-programmed acceptable baseline do the solenoid valves actuate to fill the primary
cistern, thereby preventing severe contamination of the bulk storage®.

2. Ultrafiltration (UF): Harvested water is pumped from the subterranean cistern through
an industrial ultrafiltration skid. UF membranes operate at pore sizes between 0.002 and
0.1 microns (MWCO 10,000 to 100,000 daltons), effectively straining out suspended
solids, protozoa, and the vast majority of pathogenic bacteria®. Commercial UF systems
operate at high recovery rates (?0% to 95%), though they require periodic, automated
backwashing utilizing clean permeate to manage membrane fouling and maintain flux
rates®.

3. Ultraviolet (UV) Disinfection: To ensure complete viral inactivation and address any
microscopic pathogens that may bypass the UF barrier, the filtered water is subjected to
intense UV-C irradiation. Achieving a reliable 4-log (99.99%) reduction in viruses typically



. . 40 mJ / CIIl2 65
requires a continuous UV dose of at least .
4. Remineralization via Calcite Filtration: Rainwater is naturally acidic and lacks dissolved
minerals, making it highly corrosive to metallic plumbing networks and unsuitable for
certain high-end culinary applications. Passing the UF/UV-treated water through a

sacrificial calcite (C'GCO3 ) filter neutralizes the pH, providing essential
remineralization and ensuring long-term compliance with TrinkwV anti-corrosion
standards®®.

Hydraulic Separation and Backflow Prevention (DIN EN 1717)

A paramount regulatory and public health constraint in operating hybrid water systems is the
absolute prevention of cross-contamination between the decentralized RWH system and the
municipal drinking water grid, which must be retained as an emergency backup. Under the
harmonized European standard DIN EN 1717 and the corresponding German standard DIN
1988-100, harvested rainwater and reclaimed wastewater are strictly classified as Fluid
Category 5—fluids representing the highest possible hazard to human health due to the
potential presence of microbiological or viral elements®’.

Standard mechanical backflow preventers, such as verifiable double check valves (Type EC) or
even Reduced Pressure Zone valves (Type BA), are legally prohibited for Category 5 fluids®’.
The only permissible method of protection is an unrestricted, physical air gap (Type AA or Type
AB)%.

This regulatory absolute leads to a third-order systemic insight regarding the thermodynamics
of decentralized water networks: Because a physical air gap completely depressurizes the
municipal supply prior to its entry into the facility's internal non-potable network, the facility
must utilize intermediate break tanks and secondary booster pump sets to re-pressurize the
water for end-use distribution. This mandatory duplication of hydraulic infrastructure inherently
increases the overall energy intensity, acoustic noise, and mechanical footprint of the facility,
embedding an unavoidable thermodynamic penalty into the pursuit of regulatory-compliant
water autonomy.

Systemic Synergies: Circular Reuse and Resource
Recovery

As demonstrated in the catchment modeling phase, achieving total water autonomy via a
4.1-hectare roof footprint is highly impractical. The facility must structurally collapse its net
water demand by routing effluent from one operational node to serve as influent for another,
thereby shifting from a linear consumption model to a circular resource economy.
Reclaiming Condensate of Whey (COW) in Dairy Operations

Raw milk is composed of approximately 87% water. During the concentration, evaporation, and
drying of whey—a high-volume byproduct of cheese and dairy processing—massive quantities
of vapor are produced. When captured, cooled, and condensed, this Condensate of Whey
(COW) yields a surprisingly high-quality, biologically safe water source’.

For a plant processing 2,000 liters of milk daily, up to 1,740 liters of COW water can



theoretically be recovered. Because COW water is inherently hot from the evaporation
process, routing it directly into the facility's Cleaning-in-Place (CIP) systems provides a
profound dual benefit: it simultaneously offsets the dairy's non-potable water demand by over
40% and recovers immense amounts of thermal energy that would otherwise be lost to the
atmosphere”.

To ensure the COW water continuously meets reuse standards (as dictated by the Pasteurized
Milk Ordinance and internal quality controls), inline process analytics are deployed.
High-resolution turbidity sensors featuring a 25° angle of detection continuously monitor the
condensate’”. If turbidity spikes due to organic carryover or equipment malfunction, an
automated diverter valve instantly routes the effluent to waste, protecting the CIP system from
contamination”®.

Agricultural Irrigation and EU Regulation 2020/741

The kitchen's massive 26,250-liter daily non-potable effluent (greywater) represents an
extraordinary, nutrient-rich resource for agricultural irrigation. However, the reuse of municipal
or commercial wastewater for agriculture is now tightly governed by the newly enforced
Regulation (EU) 2020/741 on minimum requirements for water reuse’®.

This regulation establishes four classes of reclaimed water quality (A, B, C, D) based on the
target crop type and the chosen irrigation method. For Class A water—which is permitted for
food crops consumed raw where the edible part is in direct contact with the reclaimed
water—the effluent must undergo stringent secondary biological treatment, advanced
filtration, and disinfection to achieve strict biochemical oxygen demand (BOD), Total
Suspended Solids (TSS), and E. coli thresholds’’.

By treating the kitchen's grease-separated, biologically filtered greywater to Class A standards,
the entire 20,000-liter peak summer irrigation demand of the farm can be satisfied exclusively
through recycled gastronomy wastewater. This completely eliminates the farm's reliance on
weather-dependent rainwater or expensive municipal reserves, effectively rendering the
agricultural unit immune to meteorological droughts.

Water Loop Volume Recovered  Replaces Demand Required
Integration (L/day) In: Treatment

COW Water 1,500 Dairy CIP Inline Turbidity
(Dairy) (Non-Potable) Monitoring
Kitchen 20,000 Crop Irrigation Bio-reactor, UF, UV
Greywater (Class A) (EU 2020/741)
Roof Rainwater 24,500 Facility-wide First-Flush, UF, UV,

Potable Calcite



Table 3: Integrated Circular Water Architecture. By cascading water through the facility and
aggressively reclaiming wastewater, the required daily rainwater yield drops from 46,000 liters
to just 24,500 liters, proportionally shrinking the required roof catchment area to a manageable
architectural scale.

Economic Feasibility and Energy Intensity Profiling

The transition from centralized municipal grid dependency to a highly mechanized,
decentralized water treatment facility involves complex economic, thermodynamic, and
operational trade-offs that must be rigorously analyzed through Life Cycle Costing (LCC).

Energy Intensity and Thermodynamic Parity

A common critique of decentralized advanced water treatment is its perceived high energy
footprint. However, municipal drinking water supply in European urban centers currently

3
averages an energy intensity of approximately 0.70 kWh/m 8 This high figure is largely
driven by the massive kinetic energy required to pump water from deep aquifers and force it
through hundreds of kilometers of aging, highly pressurized subterranean distribution
networks®.
Conversely, onsite decentralized treatment operates with a vastly shorter conveyance radius,
allowing the energy budget to be reallocated directly toward advanced purification. The
specific electrical energy consumption of an industrial ultrafiltration skid ranges between

3
0.10 and 0.30 kWh/m depending on the transmembrane flux and recovery rate®. The
3
subsequent UV disinfection stage requires approximately 0.05 to 0.12 kWh/m . When
factoring in source pumping from the underground cisterns and the intermediate booster
pumps required by the DIN EN 1717 air gaps, the total energy intensity of the decentralized

3
potable loop rests between 0.50 and 0.80 kWh/ m- s

Therefore, the energy footprint of decentralized high-grade purification is essentially at
thermodynamic parity with the macro-level energy intensity of the municipal grid, completely
debunking the historical assumption that localized advanced treatment is inherently more
carbon-intensive than centralized supply.

Financial Viability and The 25/75 Principle

Capital Expenditures (CAPEX) for a facility of this scale are heavily front-loaded and substantial.
High-capacity concrete underground cisterns capable of storing hundreds of cubic meters
cost tens of thousands of euros, highly dependent on excavation complexity, shoring
requirements, and localized soil conditions®’. Commercial UF membrane skids tailored for 10 to
50 cubic meters per day capacities range from $8,000 to over $20,000%,

However, Life Cycle Costing in water infrastructure operates strictly on the “25/75 Principle."
Over a standard 20-year operational lifecycle, roughly 25% of the total cost of ownership is
CAPEX, while 75% is Operating Expenditure (OPEX), which is comprised of municipal tariffs,



energy, chemical consumables, and maintenance®’. With municipal water and wastewater
tariffs continuing to climb rapidly across the continent’, the amortization period for integrated
RWH and greywater reuse systems is collapsing. Furthermore, the recovery of thermal energy
via COW water reuse in the dairy directly offsets boiler fuel costs, while nutrient-rich greywater
irrigation reduces synthetic fertilizer expenditures on the farm’®, profoundly compounding the
facility's overall financial yield.

Conclusion

The design of a decentralized hydrological architecture for an integrated commercial kitchen,
dairy processing plant, and agricultural farm requires moving far beyond simple volumetric
substitution and entering the complex realm of thermodynamic and biological resource
cascading.

While the baseline facility demands a formidable 46,000 to 66,000 liters of water daily,
attempting to satisfy this strictly through macroscopic rainwater harvesting in a temperate
climate like the Berlin-Brandenburg region is mathematically and architecturally prohibitive.
However, by strictly adhering to advanced regulatory frameworks—utilizing DIN 4040-100
grease separation to protect delicate UF membranes, establishing DIN EN 1717 air gaps to
ensure absolute municipal biosecurity, and leveraging EU Regulation 2020/741 to safely irrigate
crops with reclaimed culinary greywater—the facility can achieve near-total water autonomy.
Ultimately, treating water not as a single-use utility, but as a perpetual, cyclical asset allows
modern agro-industrial facilities to decouple their operational growth from the escalating
financial, meteorological, and environmental fragilities of centralized municipal water grids.
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https://www.mwra.com/documents/water-efficiency-restaurants-case-study
Benchmarks for water use - Sydney Water,

https://www.sydneywater.com.au/your-business/managing-your-water-use/benc
hmarks-for-water-use.html
8 RESTAURANTS AND HOTEL KITCHENS - Green Forum,

https://green-forum.ec.europa.eu/document/download/abb5464b-e3e3-4ae0-98
eb-65918bé5adaé_en?filename=2_PDFsam_BEMP-8-FINAL.pdf

Estimated water consumption in the world + Per appliance and sector,
https://wastewatergardens.net/pdf/WWG_InfoSheet_InternationalWaterConsump

pdf
Grease separator - LK Metallwaren,

https://www.lk-metall.de/en/grease-separator/

Grease separators - Fettabscheider - Nehlsen AG,
https://www.nehlsen.com/en/services/separator/grease-separators

ACQO Grease Separator,
https://www.aco-indonesia.com/en/products/grease-management-commercial-k

itchen/aco-grease-separator
KESSEL Grease Separator Sizing Guide | PDF | Kitchen - Scribd,

https://www.scribd.com/document/402628747/Schedule

ACO Grease Separator | Efficient Wastewater Management,
https://www.aco.in/products/separator-technology/grease-separator
Water Footprints of Dairy Milk Processing Industry: A Case Study of,

https://www.mdpi.com/2073-4441/16/3/435
Water quality and resource management in the dairy industry - PMC,

https://omc.ncbi.nlm.nih.gov/articles/PMC6331735/
Water utilisation, energy utilisation and waste water management in,

https://www.researchgate.net/publication/259545276_Water_utilisation_energy_ut
ilisation and waste water management in the dairy industry A review

CIP Water Reduction in Dairy Plants - Milvian Group,
https://milviangroup.com/blog/cip-water-reduction-dairy-plant

Benefits of Clean-in-place (CIP) Systems in Dairy Processing,
https://agriculture.institute/diary-equipment-utilities/benefits-of -cip-systems-dai
ry-processing/

CPCB Effluent Standards for Dairy Industry — Explained,
https://spans.co.in/knowledge/cpcb-effluent-standards-dairy-industry/
Optimizing Water Footprint in Dairy Processing: A Step-by-Step Guide,
https://www.waterleau.com/en/news/optimizing-water-footprint-in-dairy-process
ing-a-step-by-step-quide

unknown_url

Berlin Rain Radar — Live Weather Map | RainViewer,
https://www.rainviewer.com/germany/weather-radar-map-live-berlin.html
Long-term Mean Precipitation Distribution 1991 - 2020 - Berlin.de,

https://www.berlin.de/umweltatlas/en/climate/precipitation-distribution/1991-202
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Berlin - Wikipedia, https://en.wikipedia.org/wiki/Berlin

Rainwater Harvesting - AZU Water,
https://www.azuwater.com/category/water-recycling/rainwater-harvesting/

(PDF) Determination of rainwater harvesting tank size - ResearchGate,
https://www.researchgate.net/publication/286648038 Determination_of rainwate
r_harvesting_tank_size

determination of rainwater harvesting tank size - Cosmos Publications,

https://cosmos.gnest.org/sites/default/files/Submissions/gnest_01318/gnest_01318
published.pdf

. 1S 14961:2001 PDF - Rain Water Harvesting in Hilly Areas by,

https://infralens.in/code/IS-14961-2001
(PDF) Extreme precipitation and flooding in Berlin under climate,

https://www.researchgate.net/publication/390222239 Extreme precipitation and
flooding_in_Berlin_under_climate_change_and_effects_of selected grey and_bl
ue-green_measures

Entwicklung der 6kologischen Beschaffenheit von,
https://www.umweltbundesamt.de/system/files/medien/47%/publikationen/texte 1

39-2022_entwicklung_der_oekologischen_beschaffenheit_von_oberflaechengew

aessern_im_klimawandel.pdf
DIN 1986-100: Drainage Systems Guide | PDF | Storm Drain - Scribd,

https://www.scribd.com/document/82478783%/DIN-1986-100-2016-12-en

DIN 1986-100: Drainage System Standards | PDF - Scribd,
https://www.scribd.com/document/262552333/The-new-standard-DIN-1986-100
Flat roof drainage - Dallmer,
https://www.dallmer.de/default-wAssets/docs/en/topics/Roof drainage/PDF-Flach

dachentwaesserung-INT.pdf
MitteilungenHeft 107 - Institut fur Hydrologie und Wasserwirtschaft,

https://www.iww.uni-hannover.de/fileadmin/iww/Institutsmitteilungen/Mitt-107-An
a_Claudia_Callau_Poduje.pdf

Nomogram-Based Rainwater Harvesting Design for a Sustainable,
https://www.mdpi.com/2071-1050/17/13/5801

How Much Does a Cistern Cost? Pricing & Installation,
https://www.aquabarrel.com/how-much-cistern-cost

Concrete cistern | Cover class B- 12.5 t | without additional core drilling,

https://wisy-water.com/en/concrete-cistern-without-additional-core-drilling-1250
O-l-cover-class-b-12.5-t-2x-10-cm-levelling-ring/

Underground Tanks & Rainwater Tanks - Webshop | Tanks Direkt,
https://tanksdirekt.de/en/pe-tanks/underground-tanks

Buy cisterns: Flat tanks, underground tanks & complete systems,

https://shop.greenlife.de/en/Cisterns/
Rainwater harvesting - INTEWA Wiki,

https://wiki.intewa.net/index.php/Regenwassernutzung/en
Mini groundwater tank - WISY AG,

https://wisy-water.com/en/mini-groundwater-tank-500-I-with-manhole-extensio
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Cold climates: Preventing freezing in rainwater systems - MEA Group,

https://www.mea-group.com/de/en/box-post/kalte-klimazonen-verhinderung-vo

n-gefrieren-in-regenwassersystemen/
Frost Penetration Depth | Construction & Soil - Darda GmbH,

https://www.darda.de/en/knowledge/frost-penetration-depth

Water Tank Installation Cost Estimator,
https://watertankcalculator.com/calculators/cost/water-tank-installation-cost-esti
mator

Microbial Water Quality,

https://www.umass.edu/agriculture-food-environment/book/export/html/24064
The Occurrence and Removal of Microplastics from Stormwater,

https://www.mdpi.com/2073-4441/17/14/2089

Micro pollutants in atmospheric deposition, roof runoff and storm,
https://www.researchgate.net/publication/268428373 Micro_pollutants_in_atmos
pheric_deposition_roof runoff and_storm_water_runoff of a_suburban_Catchm
ent_in_Nantes France

A Study of the Water Quality of Rooftop Rainwater Collecting Systems,
https://www.ijirem.org/DOC/15-a-study-of-the-water-quality-of-rooftop-rainwat
er-collecting-systems.pdf

Microbiological Quality of Roof-Harvested Rainwater and Health Risks,
https://www.researchgate.net/publication/215503892 Microbiological Quality of
Roof-Harvested Rainwater and Health Risks A_Review

Investigation of Microbiological Quality Changes of Roof-Harvested,
https://www.mdpi.com/2079-9276/10/10/103

Can You Drink Tap Water in Germany: Safe or Not? - Fintiba,
https://www.fintiba.com/germany/living/drinking-tap-water

Ordinance on the Quality of Water Intended for Human Consumption,
https://www.gesetze-im-internet.de/englisch_trinkwv/englisch_trinkwv.html
Every drop counts: How we can address the water crisis,
https://www.mann-hummel.com/content/dam/website/mann-hummel/documents

/downloads/whitepapers/MH_Water%20Crisis%20Whitepaper_EN.pdf/_jcr_conte

nt/renditions/original.media_file.download_attachment.file/MH_Water%20Crisis%
20Whitepaper EN.pdf

Microbiological Health Risk Assessment of Water Conservation,
https://pmc.ncbi.nim.nih.gov/articles/PMC7967349/

Investigation of Rainwater Harvesting Quality with the Application of,
https://api.lib.kyushu-u.ac.jp/opac_download md/7323380/2024 p992.pdf
Development of A Smart Rainwater Harvesting System with,

https://ijths.com/2026/06/23/development-of-a-smart-rainwater-harvesting-syst
em-with-automated-real-time-water-quality-monitoring/
automated embedded system for sustainable rainwater harvesting,

https://www.jetir.org/papers/iJETIR2512118.pdf
Membrane Filtration,

https://www.mrwa.com/wp-content/uploads/2021/04/19-Membrane-Filtration.pdf
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Waste backwash water recovery options in UF plant design.,
https://www.researchgate.net/figure/ Waste-backwash-water-recovery-options-i
n-UF-plant-design_figl 273980576

Optimizing Ultrafiltration System: Design & Maintenance Tips,

https://bestamembrane.com/optimizing-ultrafiltration-system-design-maintenan
ce-tips/

2026 Complete Guide to UF System Backwash: Methods, Frequency,
https://cnchiwatec.com/ultrafiltration-system-backwash.html

UV Disinfection Process in Raw Water Treatment - chiwatec,
https://cnchiwatec.com/optimizing-the-uv-disinfection-process-in-raw-water-tre
atment.html

Calcite for pH Correction in Water Treatment - Starke Filter Media,
https://www.starkefiltermedia.com/calcite-media-ph-correction-water-treatment
/

An overview of the EN 1717 standard - Beta Valve,
https://www.betavalve.com/Wiki/125/An-overview-of-the-EN-1717-standard
Safety valves guidebook for maintaining drinking water quality,
https://www.kemper-group.com/en-en/building-technology/knowledge/safety-va

lves-quidebook/
Air Gaps and Backflow Prevention,

https://www.jcdh.org/SitePages/Misc/PdfViewer?AdminUploadld=4788

Irrigation Systems: WRAS Backflow Prevention & RPZ Valve - Squote,
https://squote.app/knowledge/landscaping/irrigation-systems

What Is an AA Air Gap in a Rainwater Harvesting System? - GRAF UK,
https://www.grafuk.co.uk/aa-air-gap-rainwater-harvesting/

All FAQs - Water Regs UK Limited, https://www.waterregsuk.co.uk/topics/all-fags/
COW Water Turbidity Measurement - Mettler Toledo,
https://www.mt.com/us/en/home/library/quides/process-analytics/cow-water.html
COW Water and Wastewater Treatment for the Dairy Industry,
https://www.veoliawatertechnologies.ie/cow-water-and-wastewater-treatment-d

airy-industry
Recycling COW Water in Boiler and Cooling Tower Systems - Solenis,

https://www.solenis.com/en/resources/blog/recycling-cow-water-in-boiler-and-c
ooling-tower-systems/
6 steps to improve water efficiency in the Dairy Industry - Waterleau,

https://www.waterleau.com/en/news/é-steps-to-improve-water-efficiency-in-the

-dairy-industry
Reclaiming Water in Dairy Processing Creates New Value - ISG Inc,

https://www.isginc.com/news/reclaiming-water-in-dairy-processing-creates-new
-value

Reclaimed wastewater in agriculture - BfR,
https://www.bfr.ound.de/en/food-safety/assessment-of-microbial-risks-in-foods/

reclaimed-wastewater-in-agriculture/
EU Regulation on Minimum Requirements for Water Reuse,

https://www.umweltbundesamt.de/en/topics/water/water-resource-management
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