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k _: The Problem:

Resilience of Interdependent Systems

* Energy & water systems face many resilience challenges.
— Technological & infrastructure vulnerabilities
— Institutional struggles
— Supply-demand balance uncertainties

e System interdependence can compound these challenges.

* Communities facing severe energy & water insecurity =
especially vulnerable.



Leveraging Interdependence:
Hydropower Micro-turbines as a Solution

* When placed in pipes for drinking water or
storm water runoff, turbines can:

v promote potable water & storm water management
v concurrently bolster local electricity supply

v overcome challenging trade-offs between ENERGY
T

water & energy system resilience



Research Question:
Identifying and Addressing Barriers

 What features are needed to deploy
hydroelectric micro-turbines in urban areas
facing energy and water insecurity?

v Technological

v Geographical

v Ecological

v Institutional

v Socio-economic



Hypotheses

* Challenges to hydropower micro-turbine deployment vary by
location.

* Institutional relationships can create, worsen or mitigate these
challenges, hindering or enabling their deployment.

* Creating a transparent process with community involvement in
identifying solutions to local challenges can enable hydropower
micro-turbine features that foster energy & water system resilience.




Methodology:
Phase 1: On-Campus Pilot

Build & deploy 2 micro-turbines in storm water
runoff pipes on Mason’s Fairfax campus.

ldentify technical, geographical, ecological,
institutional & socio-economic challenges.

ldentify & assess potential solutions.

Use pilot’s energy output to test & assess small-
scale urban applications, e.g., emergency lighting &
cell phone charging stations.



Multidisciplinary Approach

Project Team Disciplines
* College of Science * Environmental science & policy
(COS) * Physics

* Geography & geoinformation science
* Forensic Science

* Volgenau School of Engineering * Civil, infrastructure & environmental engineering
(VSE) * Mechanical engineering
* Electrical engineering

e College of Humanities & Social Sciences | * Sustainability studies
(CHSS) * Global affairs




Student Roles in Mason Pilot

* Turbine design, construction & deployment
— |Identify turbine construction challenges
— Analyze turbine replication potential
— Test & assess small-scale electricity applications
— Analyze deployment challenges & solutions
— Develop lessons transferable to other communities

 Educational programs & signage
— Promote institutional & community support
— Perpetuate energy-water resilience education



Mason Pilot Candidate Sites

1. Test different flows, elevations, & pipe diameters
2. Develop different designs to meet varied site parameters
3. Test electricity applications in different locations

e Qutflow pipe from Mason Pond
— Existing body of water

— Water always present

* Pipe that collects runoff from Shenandoah Parking Deck
— Urban environment
— Intermittent flow



Rainfall and Energy Analysis:

Shenandoah Parking Deck Site
by Eli Watkins and Zoe Waide

Example of work:

Rainfall: .23 in/day

-> which has total volume change of
2051.75 ft~3/day

->which has total mass of

58143.83 kg/day

->which has total kinetic energy of
5711.68 kJ

-> which is 1.60 kWh



3 POTENTIAL DESIGNS

KAPLAN S TYPE CROSSFLOW TURBINE BULB TURBINE
» Good for places with large + Good for wide range of head « Wide range of head heights
variance in flow heights

» efficient at low flow
« Easy to manufacture




Current Energy Output Findings

from Mason Pilot
by Eli Watkins and Zoe Waide

Energy Output Vs. Frequency of Days
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Phase 2: International Pilot

* Findings will be applied in a developing nation pilot:

* S
Ghana India
1990-2012: 1990-2012:

+34% Power, +30% H,0 +28% Power, +22% H,0



India’s Microhydro Turbine Use
Case Study by Heather Nortz

Existing hydroturbines are mainly used for power
generation

— Archived over 90 existing small to micro hydro projects
— Some for mitigating flooding

Main focus on Institutional considerations

— Funding comes mainly from private sector
—  Community involvement leads to the success of the

project

Looking Forward with Mason’s pilot project
— Find areas prone to flooding and in need of drinking water
—> assess considerations at a local level
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