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Smart Grids 

Reliable, Affordable, and Resilient
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Iraq - Solar Energy, 2010 Bangladesh - Energy, 2010

Cost of Electricity ($/kWh) $0.26/kWh $0.51/kWh

Energy
Capacity Shortage (%)

18 % 10 %

Time
Capacity Shortage (%)

25 % 6.6 %

Failures  (hrs/year) 2160 hours 574 hours

Back-up System Install Solar
no backup chosen

Install Solar+Wind
no backup chosen

Modeling Electricity and Health Care  
Part A (sites 1 & 2)



Ghana - International Journal of 
Computer Applications, 2015

Uganda - ISSST-IEEE, 2012

Cost of Electricity ($/kWh) $0.12/kWh Grid: $0.25/kWh - Diesel: $0.75-11/kWh

Energy
Capacity Shortage (%)

11 % 4.1 %

Time
Capacity Shortage (%)

49 % 4.0 %

Failures  (hrs/year) 4289 hours 355 hours

Back-up System Government Grid: Hydro base power, 
Facilities: Provide their own peak power

Year of Data on Voltage and Current
Grid+Diesel Generator

Modeling Electricity and Health Care  
Part B (sites 3 & 4)



Part A – Electricity Failure Pattern











27 Days 14 Days 9 Days

24 Days 2 Days

19 Days 1 Days 1 Days

47 Days 121 Days 65 Days 11 Days 9 Days
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Likelihood

Catastrophic

High Chance of 2 Deaths during Day

Significant

Low Chance of 2 Deaths during Day

Moderate

High Chance of 1 Death during Day

Minor

Low Chance of 1 Death during Day

Negligible

Extremely Low Chance of 1 Death During Day

Improbable

0-2 hrs

Time in

a Failure

Event 

during Day

Remote

2-5 hrs

Time in

a Failure

Event

during Day

Occasional

5-10 hrs

Time in

a Failure

Event

during Day

Probable

10-15 hrs

Time in

a Failure

Event

during Day

Frequent

15-24 hrs 

Time in

a Failure

Event

during Day

ESH - Risk Chart – for LMIC Regional Hospital & EHS-Type 1
Health Care Facility System (Size=150 beds High=5% Med=10% Low=20% No Impacts=65%) and Energy System (EHS-Type 1 Electricity Failure Rate)

(units in Number of Days in a Year that Risk will be Experienced)

No Change to Procedure: Traditional Backup

No Change to Procedure*

Below + Check Energy Stored before Starting Procedure

Below + Postpone Procedures

Below + considering On-demand Energy Systems

* Strongly consider adding another backup system for hybridization 

and diversification of energy systems before risks increase.



27 Days
$24,243/kWh

14 Days
$14,996/kWh

9 Days
$9,378/kWh

24 Days
$12,323/kWh

2 Days
$957/kWh

19 Days
$6,728/kWh

1 Day
$412/kWh

1 Day
$412/kWh

14 Days
$4,061/kWh

47 Days
$739/kWh

121 Days
$12,057/kWh

65 Days
$13,421/kWh

11 Days
$846/kWh

9 Days
$0/kWh
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Catastrophic

High Chance of 2 Deaths during Day

Significant

Low Chance of 2 Deaths during Day
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High Chance of 1 Death during Day

Minor

Low Chance of 1 Death during Day
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Extremely Low Chance of 1 Death During Day
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a Failure

Event

during Day
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10-15 hrs

Time in

a Failure

Event

during Day

Frequent

15-24 hrs 

Time in

a Failure

Event

during Day

No Change to Procedure: Traditional Backup

No Change to Procedure*

Below + Check Energy Stored before Starting Procedure

Below + Postpone Procedures

Below + considering On-demand Energy Systems

* Strongly consider adding another backup system for hybridization 

and diversification of energy systems before risks increase.

ESH - Risk Chart – for LMIC Regional Hospital & EHS-Type 1
Health Care Facility System (Size=150 beds High=5% Med=10% Low=20% No Impacts=65%) and Energy System (EHS-Type 1 Electricity Failure Rate)

(units in VSL/E - $/kWh and in Number of Days in a Year that Risk will be Experienced)
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Energy E3

Innovation

Design FOR

the other 90%1

Design WITH

the other 90%2

Design BY All3

STOP

1  Smith, Cynthia E. Design for the Other 90%. New York: Smithsonian, Cooper-Hewitt,  National 

Design Museum, 2007. Print.
2 Smith, Cynthia E. Design with the Other 90%: Cities. New York: Cooper-Hewitt National Design 

Museum, 2011. Print.
3 Musaazi, Moses Kizza, Abigail R. Mechtenberg, Juliet Nakibuule, Rachel Sensenig, Emmanuel 

Miyingo, John Vianney Makanda, Ali Hakimian, and Matthew J. Eckelman. "Quantification of Social 

Equity in Life Cycle Assessment for Increased Sustainable Production of Sanitary Products in 

Uganda." Journal of Cleaner Production (2013).
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Assemble

Energy 

Dream Team

1. Auto Mechanic

2. Electrician

3. Solar Technician

4. Welder

5. Metal Fabricator

6. Rewinder

7. Weavers

8. Plumber

9. Mason

10. Business Manager

Energy

Dream Team

Education

Engineering

Entrepreneurship

Customer 

Business 

Model

Build-Test

M
o

d
ify

Stage 2
Energy

Site 

Model

Stage 3

Energy E3 Pathway In Action

Stage 1

Stage 4

Train New 

Energy

Teams

Sell

Energy

or 

Sell

Minigrids

Asset-based

Development



Mechanical to Electrical

Thermal to Electrical & Chemical to Thermal

Energy E3 Devices

Thermal Electric Co-
Gen Cookstove*

1-100 W

Waste Incinerator 
Generator*

1-50 kW 

Biogas
Cooking

Concentrating
Solar Power*

5-50 kW

Algae into 
Biodiesel*
5-50 kW

Biogas to
Petrol Generator*

5-50 kW

Hydro
Generator
1-50 kW

HAWT
Generator
1-50 kW

VAWT
Generator
1-50 kW

Merry-go-round
Generator
100-750 W

Bicycle 
Generator
50-250 W

Hand-crank 
Generator
50-250 W

Gravity 
Generator
1mW-5 W



International Energy E3 Team Example

Prototype/

Design
Design/

Build

Test/

Modify

Deployed/ 

Customer

Minigrid

Energy 

Innovation 

Center

Mechanical to 

Electrical (ME)

Thermal to ME

Chemical to TME

Vertical Axis Wind Turbine (VWAT)

Hydroelectric Generator

Table Generator

Hand-crank Generator

Merry-go-Round Generator*

Co-Gen Cookstove: Thermal Electric*

Waste Incinerator Generator*

Solar Collector Power (CSP) Generator*

Biogas Generator*

Cattle-go-Round Generator*

Books/

Lecture

Customer/

Business Venture

Biodiesel Generators*

Horizontal Axis Wind Turbine (HWAT)

Gravity Generator*

200 W - 1 kW

10mW-200 W

Minigrid via Energy Innovation Center*

Bicycle Generator

Sewing Machine Generator*

1 kW - 50 kW

25 W - 50 kW

500 W - 50 kW

20 kW - 3 MW



https://sites.google.com/site/empowerenergydesignjerseycity/
Phone: +1(734) 719 0432 | e-mail: empowerdesignenergy@gmail.com

Kinematics
Energy Types

Gravity:
PEgravity to Electric

HAWT
KEwind to Electric

VAWT
KEwind to Electric

Solar Panels
Light to Electric

Transparent CSP
Light to TM to Electric

Thermal Electric Power Plants
Steam Engine

Hydroelectric
PE or KE to Electric

Minigrid
Combining all+storage

US 6-12: 
Physics of Energy Experimental Design Labs



Research Question: How will different masses affect the mass of the pulley?

Hypothesis: The masses hung from the string will not have an affect on the mass of the pulley.

Measure:  What: Radius, Distance, Time, Mass

Measure:  How:
● Motion Detector

● Ruler

● Scale

Calculate: What: Mass of pulley, Acceleration 

Calculate: How: Equations
● m=2 ∑(𝞽/ra)

● 𝞽= Frsin𝛳

● F=ma, 

● a=v2/r

Vary: Time to hit ground by varying the masses

(12 trials 10/20g, 20/40g, 30/50g, 50/100g, 100/200g)

Constant: - The pulley type

- String length

Analysis Pathway: Graphical analysis of time versus change in mass

US 6-12: 

Experimental Design Example
Pulley-Mass of the pulley using two masses

Motion Detector Labquest 2

Laptop

Ruler 



Mechanical: Mass-Pulley of Gravity Light 

Part 1

Electrical: Generator of Gravity Light 

Part 2

US 6-12: 

Physics of Energy to 
Engineering Design



US 6-12: 

Engineering Design to 

Entrepreneurship Ideation

Published Total: almost $1,000,000 for a device with a LCOE of 

$20,000/kWh

This does not include what Shell has given them.



https://sites.google.com/site/empowerenergydesignjerseycity/
Phone: +1(734) 719 0432 | e-mail: empowerdesignenergy@gmail.com

US 6-12: 

Energy E3 Curriculum to

Minigrid Expo Final Projects



https://sites.google.com/site/empowerenergydesignjerseycity/
Phone: +1(734) 719 0432 | e-mail: empowerdesignenergy@gmail.com

US College: 

PLS I and II Labs for Pre-Meds to

Designing Energy System for Health 

Care



Action to Devices to E3 Centers to Smart Grids 

International

Energy E3 Innovation Center



Minigrids: primary & emergency backup 

potential

Smart Grids: have HP for emergency backup

Smart Grids: have HP within exercise gyms
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EMMO Energy E3 Team

Perfect Mfashijwenimana, Albert Maniraho, Sumbusha Etienne, Haguma Christian

Sibomana Moise, Ngendahayo Abel, Hakizimana Francois, Hakizimana Fidele, Etienne Ntagwirumugara

https://youtu.be/Kwj9TxrM8Hg
https://youtu.be/Kwj9TxrM8Hg
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High Impact

Medical Procedures

Medium Impact

Medical Procedures

Low Impact

Medical Procedures

Maximum

Mean

Minimum

Electricity System
Iraq 

Solar Panel



Electricity System
Iraq 

Solar Panel



Solar Powered Health Center
Patient Deaths per 1,000
over the year of events: 8760 hr

Patient Deaths per 1,000 
over electricity outage events

Note: The number of patient deaths per 1,000 over the entire year (electricity on and off events) is small compared to the number of 

patient deaths per 1,000 for those who experience a failure (only electricity off events) during their medical procedure.



High Impact

Medical Procedures

Medium Impact

Medical Procedures

Low Impact

Medical Procedures

Maximum

Mean

Minimum

Electricity System
Ghana

Hydroelectric



Electricity System
Ghana

Hydroelectric



Hydro Powered Health Center
Patient Deaths per 1,000
over the entire year

Patient Deaths per 1,000 
over electricity outage events

Note: The number of patient deaths per 1,000 over the entire year (electricity on and off events) is small compared to the number of 

patient deaths per 1,000 for those who experience a failure (only electricity off events) during their medical procedure.



High Impact

Medical Procedures

Medium Impact

Medical Procedures

Low Impact

Medical Procedures

Maximum

Mean

Minimum

Electricity System
Bangladesh

Solar and Wind



Electricity System
Bangladesh

Solar and Wind



Solar + Wind Powered Health Center
Patient Deaths per 1,000
over the entire year

Patient Deaths per 1,000 
over electricity outage events

Note: The number of patient deaths per 1,000 over the entire year (electricity on and off events) is small compared to the number of 

patient deaths per 1,000 for those who experience a failure (only electricity off events) during their medical procedure.



High Impact

Medical Procedures

Medium Impact

Medical Procedures

Low Impact

Medical Procedures

Maximum

Mean

Minimum

Electricity System
Uganda

Grid and Diesel Generator



Electricity System
Uganda

Grid and Diesel Generator



Grid+Diesel Powered Health Center
Patient Deaths per 1,000
over the entire year

Patient Deaths per 1,000 
over electricity outage events

Note: The number of patient deaths per 1,000 over the entire year (electricity on and off events) is small compared to the number of 

patient deaths per 1,000 for those who experience a failure (only electricity off events) during their medical procedure.



Small Health Care Facility

Total: 780 patients per year 

1% High Impact, 9% Medium Impact, 70% Low Impact, 20% No Impact

Modeled Patient Deaths for Specific Facilities

Solar Only Hydro Only Solar+Wind Grid+Diesel

1/780 = 0.1 % 

Chance of Death 

4/780 = 0.5 % 

Chance of Death 

9/780 = 1.2 % 

Chance of Death 

5/780 = 0.6 % 

Chance of Death 



Larger Health Care Facility

Total: 5200 patients per year

20% High Impact, 25% Medium Impact, 35% Low Impact, 20% No Impact

Modeled Patient Deaths for Specific Facilities

Solar Only Hydro Only Solar+Wind Grid+Diesel

16/5200 = 0.3 % 

Chance of Death 

38/5200 = 0.7 % 

Chance of Death 

176/5200 = 3.4 % 

Chance of Death 

76/5200 = 1.5 % 

Chance of Death 



Regional Hospital - Not Referral

Total: 500 hospital beds → 60,833 patients/year

1% High Impact, 10% Medium Impact, 20% Low Impact, 69% No Impact

Modeled Patient Deaths for Specific Facilities

Solar Only Hydro Only Solar+Wind Grid+Diesel

40 → 0.1 % 

Chance of Death 

110 → 0.2 % 

Chance of Death 

323 → 0.5 % 

Chance of Death 

153  → 0.3 % 

Chance of Death 



kHigh, c1-i kMed , c2-i kLow, c3-i

(1, 0.1) (1.5, 2) (2, 4)

(1, 3.0) (1.5, 5) (2, 7)

(1, 6.0) (1.5, 8) (2, 10)

(kj, ci )

Note: six other probabilistic two parameter functions modeled as well. Ask for more details - simulation model is flexible!



Country: Iraq  – Optimal energy system was chosen as solar panel and batteries.



Country: Ghana – Optimal energy system was chosen as hydroelectricity



Country: Bangladesh – Optimal energy system was chosen as solar panel and wind.



Country: Uganda – Measurements on Grid, Diesel Generator, and Battery System
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Context

5. Health Care

Hidden Costs

3. Energy E3

United States
Energy Education, 

Engineering Design, & 

Entrepreneurship

2. Energy E3

Uganda
Energy Education, 

Engineering Design, & 

Entrepreneurship

4. Propagation Model
Uganda Energy E3

Innovation Centers

US Energy E3

Vocational Education



Energy E3

Innovation

Design FOR

the other 90%1

Design WITH

the other 90%2

Design BY All3

STOP

1  Smith, Cynthia E. Design for the Other 90%. New York: Smithsonian, Cooper-Hewitt,  National 

Design Museum, 2007. Print.
2 Smith, Cynthia E. Design with the Other 90%: Cities. New York: Cooper-Hewitt National Design 

Museum, 2011. Print.
3 Musaazi, Moses Kizza, Abigail R. Mechtenberg, Juliet Nakibuule, Rachel Sensenig, Emmanuel 

Miyingo, John Vianney Makanda, Ali Hakimian, and Matthew J. Eckelman. "Quantification of Social 

Equity in Life Cycle Assessment for Increased Sustainable Production of Sanitary Products in 

Uganda." Journal of Cleaner Production (2013).

Changing Design 
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Global Context + Energy E3 Pathway

Energy E3 Pathway = 

Energy Education + Engineering Design + Entrepreneurship
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Assemble

Energy 

Dream Team

1. Auto Mechanic

2. Electrician

3. Solar Technician

4. Welder

5. Metal Fabricator

6. Rewinder

7. Weavers

8. Plumber

9. Mason

10. Business Manager

Energy

Dream Team

Education

Engineering

Entrepreneurship

Customer 

Business 

Model

Build-Test

M
o

d
ify

Stage 2
Energy

Site 

Model

Stage 3

Energy E3 Pathway In Action

Stage 1

Stage 4

Train New 

Energy

Teams

Sell

Energy

or 

Sell

Minigrids

Asset-based

Development



Mechanical to Electrical

Thermal to Electrical & Chemical to Thermal

Energy E3 Devices

Thermal Electric Co-
Gen Cookstove*

1-100 W

Waste Incinerator 
Generator*

1-50 kW 

Biogas
Cooking

Concentrating
Solar Power*

5-50 kW

Algae into 
Biodiesel*
5-50 kW

Biogas to
Petrol Generator*

5-50 kW

Hydro
Generator
1-50 kW

HAWT
Generator
1-50 kW

VAWT
Generator
1-50 kW

Merry-go-round
Generator
100-750 W

Bicycle 
Generator
50-250 W

Hand-crank 
Generator
50-250 W

Gravity 
Generator
1mW-5 W



Education-Engineering-Entrepreneurship Pathway

Prototype/

Design
Design/

Build

Test/

Modify

Deployed/ 

Customer

Minigrid

Energy 

Innovation 

Center

Mechanical to 

Electrical (ME)

Thermal to ME

Chemical to TME

Vertical Axis Wind Turbine (VWAT)

Hydroelectric Generator

Table Generator

Hand-crank Generator

Merry-go-Round Generator*

Co-Gen Cookstove: Thermal Electric*

Waste Incinerator Generator*

Solar Collector Power (CSP) Generator*

Biogas Generator*

Cattle-go-Round Generator*

Books/

Lecture

Customer/

Business Venture

Biodiesel Generators*

Horizontal Axis Wind Turbine (HWAT)

Gravity Generator*

200 W - 1 kW

10mW-200 W

Minigrid via Energy Innovation Center to Local Smart Grid*

Bicycle Generator

Sewing Machine Generator*

1 kW - 50 kW

25 W - 50 kW

500 W - 50 kW

20 kW - 3 MW



Energy E3 Innovation Center

• Display E3 Minigrid Devices
• Design/Build/Test/Modify/ 

Control/Deploy Innovations
• Training Facility
• Educational Outreach Site
• Host Business Accelerator 
• Host Trade Shows
• Attract Local Investors
• Propagate E3 Innovations
























































