
D-Lab: Energy 
Week 5:Wind, Micro- 

Hydro, & 
1

catch-up 



AGENDA

• Where are we?

• Muddy Card review

• Wind

• Micro-hydro

• Project Development

• Complete Muddy Card
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MUDDY CARD REVIEW
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Solidity: proportion of the swept surface covered 
by the rotor blades
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Courtesy of net_efekt and cwwycoff1 on Flickr.

© Hans Hillewaert. License CC BY-SA. This content is excludedCourtesy of SustainableDevelopment on Flickr.
from our Creative Commons license. For more information,
see http://ocw.mit.edu/fairuse.

http://www.flickr.com/photos/wheatfields/1351928864/
http://www.flickr.com/photos/wheatfields/1351928864/
http://ocw.mit.edu/fairuse
http://www.flickr.com/photos/sustainable-rural/2204304728/
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Enercon E-126. Photo © source unknown. All rights reserved. This content is excluded from our
Creative Commons license. For more information, see http://ocw.mit.edu/fairuse.
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http://ocw.mit.edu/fairuse
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© C. R. Nave/Hyperphysics. All rights reserved. This content is excluded from our Creative
Commons license. For more information, see http://ocw.mit.edu/fairuse.
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http://ocw.mit.edu/fairuse
http://hyperphysics.phy-astr.gsu.edu/Hbase/fluids/angatt.html#c1
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  Courtesy of The Back Shed, http://www.thebackshed.com. Used with permission.

http://www.youtube.com/watch?v=7nSB1SdVHqQ
http://www.youtube.com/watch?v=7nSB1SdVHqQ
http://www.thebackshed.com.
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Courtesy of The Back Shed, http://www.thebackshed.com.Used with permission.

http://www.thebackshed.com
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Public domain image (source: US DOE).
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Photos © source unknown. All rights reserved. This content is excluded from our Creative Commons license. For more information, see http://ocw.mit.edu/fairuse.

http://ocw.mit.edu/fairuse
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Photos courtesy of archer10, Arenamontanus and AIDG. Diagram is public domain.

http://www.flickr.com/photos/archer10/4979681411/
http://www.flickr.com/photos/arenamontanus/3513051949/
http://www.flickr.com/photos/aidg/2467825713/
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© Partnerships for Renewables. All rights reserved. This content is excluded from our Creative Commons license. For more information, see http://ocw.mit.edu/fairuse.

http://ocw.mit.edu/fairuse
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19 Public domain image (source: NASA).
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http://eosweb.larc.nasa.gov/cgi-bin/sse/sse.cgi?+s01#s01


EXAMPLES OF WIND POWER 
IN DEVELOPING COUNTRIES
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HUMDINGER WINDBELT
0.1 W - 100W
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Courtesy of Humdinger Wind Energy LLC. Used with permission.



BLUE ENERGY
1 KW  TURBINE

Photos removed due to copyright restrictions.  See lecture video.

Hugh Piggott and Otherpower.com.
24

http://otherpower.com/


WILLIAM KAMKWAMBA

Photo courtesy of Ted Riley, license CC BY.

© source unknown. All rights reserved. This content is excluded from our Creative
Commons license. For more information, see http://ocw.mit.edu/fairuse.
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http://ocw.mit.edu/fairuse


AFRICA WINDMILL PROJECT:
PANEMONE WIND PUMP
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Courtesy of Africa Windmill Project. Used with permission.



SO MANY OTHERS

http://www.windstuffnow.com
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© www.windstuffnow.com. All rights reserved. This content is excluded from our Creative Commons license. For more information, see http://ocw.mit.edu/fairuse.

http://www.windstuffnow.com/
Windstuffnow.com
http://ocw.mit.edu/fairuse


MICRO HYDRO POWER
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HYDROPOWER: using 
gravitational water flow to 

generate power

• full scale: > 2 MW

• mini: 100 kW - 2MW

• micro: 5kW-100kW

• pico: 200W-300kW

29

© Pacific Environment, photo by Sybil Diver. All rights reserved. This content is excluded from
our Creative Commons license. For more information, see http://ocw.mit.edu/fairuse.

http://ocw.mit.edu/fairuse


SAME AS WIND: 
MILLS & TURBINES

• mill: low velocity, high torque, 
generate mechanical work

• turbine: high velocity, low torque, 
generate electricity

Photos © source unknown. All rights reserved. This content is excluded from our Creative
30 Commons license. For more information, see http://ocw.mit.edu/fairuse.

http://ocw.mit.edu/fairuse


METHOD 1: 
RUN OF THE RIVER

Divert part of the river into a channel

•relative simplicity

•can be built locally

•low environmental impact

•relatively affordable

but

•no control over water supply variation
31

© Ashden. All rights reserved. This content is excluded from our Creative
Commons license. For more information, see http://ocw.mit.edu/fairuse.

http://ocw.mit.edu/fairuse


METHOD 1I: 
STORAGE (DAM)

Dam the river to store head; 
release water as needed to 
turbine

•rainfall accumulation possible

but

•comparatively complex & expensive

•greater environmental impact

32
© source unknown. All rights reserved. This content is excluded from our Creative
Commons license. For more information, see http://ocw.mit.edu/fairuse.

http://ocw.mit.edu/fairuse


COMPONENTS

• weir : diverts the river water

• settling basin: removes debris

• forebay: holding tank

• penstock: closed pipe flowing downhill

• turbine/electric generator: power production

33

© Ashden. All rights reserved. This content is excluded from our Creative
Commons license. For more information, see http://ocw.mit.edu/fairuse.

http://ocw.mit.edu/fairuse


A FEW TURBINE TYPES

• Pelton (high head, low flow) a 
set of small buckets arranged 
around a wheel onto which one 
or more jets of water are 
arranged to impact; very efficient

• Francis (lower head, higher 
flow) a spiral casing that directs 
the water flow through vanes on 
a rotor

Diagram of Francis turbine removed 
due to copyright restrictions.
See lecture video. 

34

Courtesy of Andy Dingley, License CC BY.



A FEW TURBINE TYPES

• Cross-flow (even lower head, higher 
flow) series of curved blades fixed 
between the perimeters of two disks to 
make a cylinder. The water flows in at one 

Diagrams of cross-flow and propeller turbines

side of the cylinder and out of the other, removed due to copyright restrictions.
See lecture video. 

driving the blades around.  much easier to 
make than most other designs.

• Propeller (very low head and large 
flow) fixed blades, like a boat propeller

35



A FEW TURBINE TYPES

River current, which is like a wind-
turbine immersed in water, can be used to 
extract power from with a large flow in a 
river, where there is virtually no head.

Source: Food and Agriculture Organization of the United Nations, 1986, P.L. Fraenkel, Water Lifting.
http://www.fao.org/docrep/010/ah810e/AH810E12.htm. Used with permission.

36

http://www.fao.org/docrep/010/ah810e/AH810E12.htm


CONSIDERATIONS

rule of thumb: 3 feet of head & 20 gallons per minute of flow 
(or equivalent with greater head): 

����	��$�%
�& power (Watts)
	�&�efficiency (generally 0.4-0.7)

�$&�water density (kg/m3) * gravity (m/s2) = ~10 for SI units
�&�height (m)
%&�flow rate (m3/s)

pipeline diameter sufficient to minimiz
37

e friction loss



HYDROLOGIC SURVEY: FLOW

Float method
•mark off ~100 ft along a length (ideally 
straight with uniform length and depth)
• calculate cross-sectional area, A
• place floats upstream of markers, in center 
of stream, record time to go from start to 
finish, repeat 5-10 times, find average)

•good floats: tennis balls, fruit, etc.
•use conversion factor to calculate mean 
channel velocity V (flow is higher at surface 
than at the center)
•V*A=Q, flow rate

Courtesy of Arizona Cooperative Extension, University of Arizona College of
Agriculture and Life Sciences. Used with permission.
Source: Martin, Edward C. "Measuring Water Flow in Surface Irrigation Ditches
and Gated Pipe." University of Arizona Cooperative Extension, 2006.

38



HYDROLOGIC SURVEY: HEAD

Water filled tube
•use a level (can use clear tube half-full of water) horizontally 
on top of a 1m stick.
•two people alternate using stick to measure head

Courtesy of Asian Phoenix Resources Ltd., Canada. Used with permission.
Source: PowerPal T5 Turgo Generator manual.

39



Trip Teams

40



AsoFenix
http://asofenix.org/

Projects: 
0. delivery of OJ bag sealer project

1. Bio-digester : mixing of the slew. Our bio-digesters lose a lot of usable 
fuel because the slew is not mixed. Jaime wants some sort of mechanism to 
mix the slew (mechanical, not electrical) using hand or bicycle power. This 
would be used on concrete and plastic bio-digester designs. One of our 
interns, Erika, has her masters in bio-digesters and will be a great resource

2. Feed chopper mechanization using bicycle power 

3. Washing machine.  hand or bicycle powered. It would need to improve 
on the current method of hand washing in water usage, effort, and time

�https://sites.google.com/site/worldtechforpeople/human-powered-washing-
machine

41

http://asofenix.org/
https://sites.google.com/site/worldtechforpeople/human-powered-washing-machine
https://sites.google.com/site/worldtechforpeople/human-powered-washing-machine


GrupoFenix http://www.grupofenix.org/

Projects:
1. Charcoal -- practice charcoal-making and review charcoal 
stove making and usage.

2. Solar cell phone chargers -- develop more affordable 
version for production

3. Solar cooker -- more affordable and more aesthetically 
pleasing (looking like it's a real product), making sure the 
wind can't damage, insulation considerations

42

http://www.grupofenix.org/


ASAPROSAR http://www.asaprosar.net/

Description:  ASAPROSAR�is dedicated�to empowering the poor in 
El Salvador.  Numerous efforts in health, nutrition, family planning, child 
development, care of environment & sustainable agriculture.

Possible Projects:
0. Charcoal Training

1. better ventilation for smoke for cooking in the home

2. charcoal stoves, believed that most people cook with wood now and 
only have adobe stoves

3. better lighting fixtures/arrangements so that families with electricity but 
few light sockets/bulbs�

43

http://www.asaprosar.net/


Project Assignment
1. Right now

a. talk to Amy for 10 minutes
b. brainstorm ideas
deliverable: 2 annotated pictures from each team member for each project by 3/4

2. literature search on topics
a. what exists
b. how it functions/is made
deliverable: ~2 page annotated bibliography per project by 3/4
http://owl.english.purdue.edu/owl/resource/614/01/ 
(focus writing on summarize & reflect, not assess -- only include sources that pass the 

assessment)

3. develop project specifications
how:  http://web.mit.edu/2.009/www/lectures/15_specifications.pdf
examples:  http://web.mit.edu/2.009/www/lectures/15_fruitSpec/specExamples.html
deliverable: specs for each project using 2.009 format (attribute, metric, unit, value)

(it is likely you won’t be able to fill in all the values until your trip) by 3/11, revised by 3/18

44

http://owl.english.purdue.edu/owl/resource/614/01/
http://web.mit.edu/2.009/www/lectures/15_specifications.pdf
http://web.mit.edu/2.009/www/lectures/15_fruitSpec/specExamples.html


Project Assignment
4. second brainstorm

deliverable: 2 annotated pictures for each project by 3/11, revised by 3/18

5. questions list for trip (deliverable) 3/16

6. materials list for trip (deliverable, also to project partners) 3/11

7. 15-minute presentation on 3/16
a. literature search findings
b. project specifications
c. annotated pictures
d. key questions
e. key expected activities

45



READING ASSIGNMENT

http://bopreneur.blogspot.com/2010/01/ending-poverty-
period.html

http://www.greenempowerment.org/blog/wp-content/uploads/
2010/05/practical-action-technical-brief-final-charcoal1.pdf

46

http://bopreneur.blogspot.com/2010/01/ending-poverty-period.html
http://bopreneur.blogspot.com/2010/01/ending-poverty-period.html
http://www.greenempowerment.org/blog/wp-content/uploads/2010/05/practical-action-technical-brief-final-charcoal1.pdf
http://www.greenempowerment.org/blog/wp-content/uploads/2010/05/practical-action-technical-brief-final-charcoal1.pdf


Effective (and Fun) Brainstorming

Clear Problem Statement

Project ideas for community partner project

4 weeks of building

~ $500 budget

References: Professor David Wallace, IDEO
47



Effective (and Fun) Brainstorming

How it’s done

Generate as many ideas as you can in 15 minutes

pictures..few words

give it a (short) name

quickly describe the idea

post on wall

practice improves idea generation
References: Professor David Wallace, IDEO

48



Effective (and Fun) Brainstorming

Rules of the Game

DEFER JUDGEMENT
one at a time
build on ideas (“theft” is encouraged)
stay focused
be visual
encourage wild ideas

References: Professor David Wallace, IDEO
49



Effective (and Fun) Brainstorming

Sort the pile

group divides the ideas in to themes
name the themes
do the themes make sense?
refine & combine the best

References: Professor David Wallace, IDEO
50



Muddy Cards!

please include hours/week you spend 
outside of class on this class

51
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