
1

Decentralized Energy and Water Systems:
Rainwater Harvesting Research 

Decentralized Energy and Water Systems:
Rainwater Harvesting Research 

Tamim Younos
Research Professor 

Virginia Water Resources Research Center & 
Department of Geography

Virginia Tech

Rainwater Harvesting Forum
West Falls Church Campus, Virginia Tech

October 22, 2008



2

Contents of PresentationContents of Presentation
• The big picture
• Shortcomings of conventional infrastructure
• What is a decentralized system?
• Rainwater harvesting as a decentralized system
• Rainwater harvesting research agenda
• Rainwater harvesting ongoing research

• Potable water savings
• Energy conservation
• Strormwater management

• Future research 
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Estimated Freshwater Withdrawals by Sector, 2000 
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Total Energy use in the U.S. (2005):

100 quadrillion BTU or 29,000 TWh

(T = tera = trillion)

3 – 4 % used for water/wastewater treatment and
distribution/discharge
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Shortcomings of Conventional InfrastructureShortcomings of Conventional Infrastructure

• Conventional energy and water systems were 
created during a period of inexpensive and easily 
accessible energy and water resources.

• Such infrastructures are “unsustainable” because of 
their internal inefficiencies in providing energy and 
water needs and their environmentally unfriendly 
characteristics.  
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Water Treatment and DistributionWater Treatment and Distribution
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30% of energy use 
goes to  water 
treatment

Average energy 
consumption for 
water treatment 
and distribution 
0.00167  kWh/gal

Virginia Tech 
Study 2007

70% of use energy goes to 
distribution
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Aging Water Infrastructure and Energy 
Consumption

Aging Water Infrastructure and Energy 
Consumption

• The U.S. Geological Survey estimates that water los t from water 
distribution systems is 1.7 trillion gallons per ye ar at a national cost of 
$2.6 billion per year. 

25 – 35 % water loss through water distribution syst ems 

Energy loss due to water loss! 
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21st Century – Paradigm Shift21st Century – Paradigm Shift

Sustainable Energy & Water Systems

• Protect and Enhance the Environment

• Develop Economically Feasible Systems

• Develop Socially and Culturally Acceptable 
Systems  
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The Vision for a Pipe-less Society
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Decentralized Energy and Water Systems
– Pipe-Less Systems -

Decentralized Energy and Water Systems
– Pipe-Less Systems -

Concept

Replace and retrofit large infrastructure
with smaller localized systems supported
by local energy and water systems. 



15

Grid-
connected 
DEW

Energy 
utilities

Water
utilities

Other 
customers

Isolated 
DEW

Homes

Small 
businesses

Agriculture

Integrated Systems Isolated Systems
Developed countries with existing 
energy and water infrastructure Developing countries and rural 

communities without existing 
energy and water infrastructure

Decentralized Energy and Water Systems
(DEWS)

Decentralized Energy and Water Systems
(DEWS)
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Decentralized Energy and Water SystemsDecentralized Energy and Water Systems

Integrated Systems

• Provide supplemental power 
and water treatment for 
individual customers.

• Provide power to other 
customers on grid from 
customers who self-generate.

• Provide islands of power and 
water services when centralized 
system fails (or is attacked).

Isolated Systems

• Provide water and energy 
services to people who have no 
access to centrally provided 
resources.

• Minimize energy consumption to 
provide water services. 

• Minimize water use to provide 
energy services.
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Decentralized Energy and Water SystemsDecentralized Energy and Water Systems

• Renewable Energy Sources

• Onsite Wastewater Treatment

• Low Impact Stormwater Management 
Systems

• Rainwater Harvesting Systems
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Rainwater Harvesting ResearchRainwater Harvesting Research
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Rainwater Harvesting: Research AgendaRainwater Harvesting: Research Agenda

• Impact on potable water conservation
• Impact on energy conservation
• Impact on stormwater management
• Conjunctive rainwater and groundwater use
• Water quality requirement for specific uses 
• Cost-benefit analysis
• Policy and regulatory issues
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Rainwater Harvesting Research:
Single Homes and Commercial Buildings

Rainwater Harvesting Research:
Single Homes and Commercial Buildings

Ongoing Research: Case Studies at VT

• Potable water saving

• Energy conservation
• Stormwater management
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Potable Water SavingPotable Water Saving

Rationale:
Indoor + Outdoor Use of Rainwater =
Savings of Potable Water

Implications
• Less water is distributed – smaller distribution pipes
• Less pumping (energy) requirements
• Less treatment and chemical use in the treatment plant 
• Less source water withdrawal – more water available for 

ecosystem services (surface water) and groundwater protection   
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Blacksburg Motor Company Building (BMC)Blacksburg Motor Company Building (BMC)

• Indoor use (toilets)
(25 people) –
Water use 120 gal/day

• Outdoor landscape
irrigation use
(1,000 Square-ft) 

Estimated potable
water savings: 
51,000 gallons/year

Rooftop area: 10,000 Square-ft
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Blacksburg Municipal Building (BMB)Blacksburg Municipal Building (BMB)

• Indoor use (toilets)
(80 people) –
Water use 384 gal/day

• Outdoor landscape
irrigation use
(7,000 Square-ft) 

Estimated potable
water savings: 
253,000 gallons/year

Rooftop area: 9,350 Square-ft
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Water Balance Estimation for BMC &  BMB 
Buildings – Rainwater Harvesting

Water Balance Estimation for BMC &  BMB Water Balance Estimation for BMC &  BMB 
Buildings Buildings –– Rainwater HarvestingRainwater Harvesting

 Indoor Use 
 
(gal/Year) 
 
 

Outdoor 
Use 
(landscape 
Irrigation) 
(gal/year) 

Total Use 
 
(gal/year) 

Available 
Rain Water 
(gal/year) 

Excess 
Water  
(gal/year) 

 
  (+ or - ) 

BMC 30,000 
 
(25 users) 

21,000 
(1,000 Sq.ft) 

51,000 209,943 + 158,943 

BMB 106,000 
(80 users) 

147,000 
(7,000 Sq-ft) 

252,984 198,754 - 54,230 
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Rainwater Harvesting in Car DealershipsRainwater Harvesting in Car Dealerships

Rooftop area 25,400 Sq-ft.
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For Blacksburg, Christiansburg and
Virginia Tech Water Service Area:

Average (direct) energy consumption
for water treatment and distribution
0.00167 kWh/gal. 

Average energy cost: 1 kWh = $0.13
Water Cost in Montgomery Co, Virginia $0.003/gal

Energy Consumption and ConservationEnergy Consumption and Conservation
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Energy and Cost SavingEnergy and Cost Saving

 Potable Water 
Saving 

(gal/year) 

Energy Saving 
(kWh/year) 

Cost 
Saving 
for Less 
Energy 

Use  
 

($/Year) 

Cost 
Saving 
for Less 
Potable 
Water 

Use 
($/Year) 

BMC 55,000 92 12 165 
BMB 253,000 423 55 759 
Car Dealership 97,500 163 21 293 
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Groundwater Use versus Rainwater HarvestingGroundwater Use versus Rainwater Harvesting

Rooftop area = 819 Sq-ft

Well depth 
175 ft
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Energy Flow in the HouseEnergy Flow in the House
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Energy Use EstimationEnergy Use Estimation

 Energy 
Use 
(watts) 

Max Flow 
Rate 

(gal/min) 

Maximum 
Water 

Pressure (psi) 

Energy Use 
(kWh) 

Energy 
Estimate 
water at 
gal/min 

Groundwater 
pump 

372.85 10 30 0.1864 37.2 
watt/gal/min 

UV light 90 -    
Rainwater 
pump 

800 22 51 0.4 36.36 
watt/gal/min 

 

 watts hours/day hours/yr   kWh    Annual 
     cost 

rainwater pump 800 0.4 140 112 $7.84 
groundwater 
pump 

372.85 0.4 140 52 $3.65 
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Implications for Stormwater
Management

Implications for Stormwater
Management

 Indoor Use 
 
(gal/Year) 
 
 

Outdoor 
Use 
(landscape 
Irrigation) 
(gal/year) 

Total Use 
 
(gal/year) 

Available 
Rain Water 
(gal/year) 

Excess 
Water  
(gal/year) 

 
  (+ or - ) 

BMC 30,000 
 
(25 users) 

21,000 
(1,000 Sq.ft) 

51,000 209,943 + 158,943 

BMB 106,000 
(80 users) 

147,000 
(7,000 Sq-ft) 

252,984 198,754 - 54,230 
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Stormwater Management Options 
for Excess Water

Stormwater Management Options 
for Excess Water

• Rain Gardens – Usually limited available area

• Groundwater Recharge - Infiltration Trench

• Groundwater Recharge - Injection 
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Effective Rainwater Harvesting Systems
For Stormwater Management

Effective Rainwater Harvesting Systems
For Stormwater Management

• High density areas for potential indoor use of 
water and landscape irrigation

• Land available for infiltration trench – low 
density rural areas 

• Appropriate geologic formation for 
groundwater recharge through wells – urban 
or rural
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Groundwater RechargeGroundwater Recharge
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Future ResearchFuture Research

• Watershed Scale Implications

• Synergy between water and energy
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Watershed Scale Implications of Rainwater HarvestingWatershed Scale Implications of Rainwater Harvesting

Figure 1.  Stroubles Creek Watershed Map
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Synergy Between Water & EnergySynergy Between Water & Energy

Water treatment plant cleans and 
delivers water to local region.

Wind generated electricityTreated water

Use Renewable Energy Sources for Water Treatment 
and Distribution
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Renewable Energy SourcesRenewable Energy Sources

• Solar Energy
• Direct Solar Energy
• Indirect Solar Energy

• Photovoltaic, concentrators and collectors

• Wind Energy
• Geothermal Energy
• Ocean Energy

• Tidal Power
• Wave Energy
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Multi-story 
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• Save potable water
• Save energy
• Reduce carbon
footprint
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Thank you!Thank you!


