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Abstract
A true smart city is both environmentally friendly and accessible to all.

(M)Power synergizes these two goals by recycling energy, making use of
otherwise wasted metro heat to produce cheaper green energy. Our project
drew inspiration from how nature has perfected energy recycling in the electron
transport chain in living cells, a process where free energy releases are harnessed
to produce more useful energy molecules. Since each metro line produces
enough waste heat energy from braking and body heat to power over 10,000
typical Parisian apartments, we propose a system of Peltier tiles (thermoelectric
generators) to capture part of this energy and turn it into electricity. Part of the
profits will be used to increase local energy subsidies for the disadvantaged, to
further encourage the collective sustainable mindset among everyone.

To paint a fuller picture of social inclusion, we will make transparent what is
normally black-‐boxed data and technology. Using simple language and graphics, a
website and kiosk system within public housing buildings will inform people of
both their energy consumption and of new technological innovations. In the long
term, this data has the potential to become powerful teaching material in schools
to inspire the next generation of innovators.

In this way, (M)Power not only powers buildings, but also empowers people.



The Problem:
The Cost of
Energy



Electricity is therefore one of
the most taxed goods in France.
Other than the TVA, the
consumption tax that equals
16.7%, the CSPE and TFCE are both
taxes specific to the electricity.

The subsidies given by the
government to companies and
households to invest in greener
and renewable energy come from
these taxes. In that sense, the
electricity price and its taxes are a
real burden of households’ budget.

Even though electricity is
considered as cheap in France
compared to other European
countries, its price has constantly
been going up in between 2005
and 2015.

The pie chart below represents
the breakdown of the electricity
price all taxes included for the blue
tariff at EDF, in other words, for the
tariff applied to households and
small companies. If the production
and transport price correspond to
most of the 16cts per kWh (the
regulated distribution price),
represented here in blue, it’s
important to underline that the
taxes on electricity weight heavily
on the price (38% of the total
price).



Breakdown	  of	  electricity	  price	  TTC	  (all	  taxes	  included)	  
for	  the	  blue	  tarif at	  EDF.	  Data	  for	  the	  01/01/2016,	  in	  
cents	  of	  euros



Electricity	  Price	  Rises	  and	  Drops	  from	  August	  2003	  to	  August	  2016



Utilities are a necessary expense.
However, utilities consume a larger
percentage of poorer households’
income than they do for higher income
households. Higher energy costs
therefore present a heavier burden on
those less affluent, and addressing this
issue forms a core driver for our
project.

The poor get hit
the hardest.



Other than an environmental
purpose, this project also has a
social one. In the long run,
electricity costs should decrease.
That is a key feature in a social
aspect because the rising price of
life has increased the inequality on
living conditions among Parisians.
The price of electricity, as an
irreducible expense, compounds
the rising gap between high and
low income families.

In 2006, according to the INSEE
• The poorest 20% of French households

spent 9.6% of their budget in energy
• The number becomes 7% for the

wealthiest 20%

According to the U.S. Green Building Council,
• Low-‐income families spend 19.5% of their

income on utilities
• That number is a mere 4.6% for median-‐

income households
According to studies in New York City,
• Between 2005-‐2008, the price of utilities

was increasing at a faster rate than even
rent



The UN Sustainable development goals call for the eradication of poverty by
2030, and social and technological innovation will be key to the achievement of
these goals in developed and developing countries alike.



Society is experiencing a
paradigm shift when it comes to
energy and its relationship with the
city. Increasingly new energy sources
must be renewable and green, while
still remaining cheap. An attractive
option many smart cities are turning
to that harmonizes green with low
cost is energy recycling, because it
tends to be cheap by recycling what
would normally be wasted energy. If
the smart city can recycle some of its
energy, it can take stress of other
primary green sources like solar
panels lowering the cost of green
energy.



The Context:
The Last 
Recipients of 
Innovation



Today 17% of Parisians live in social
housing, and over 200,000 housing
units can be found in the Parisian
agglomeration according to SRU 2012
(6).

This large part of the Parisian
population tends to be in lower-‐income
brackets, and as in many European
countries or large cities in the Western
World, these social classes are deprived
of access to the latest technological
innovations. Unfortunately for them,
these new inventions have begun to
play a larger role in modern society
when it comes to job opportunities.
Many developed countries like France
have seen their economies shift from
large manufacturing to growing service
sectors. People will need to be up to
date with the technologies used in this
new world in order to contribute to it
more fully.

Green energy, connectivity and
other crucial aspects of modern life
have been slow to reach economically
or socially marginalized populations.
Isolated from the benefits of such
advances, a large portion of the Parisian
population finds itself in dire need of
being more thoroughly introduced to
the tools that will facilitate their socio-‐
economic integration into French and
even global society.



Having identified the need of people to
have access to technology and it’s
benefits and having low income housing
and families at the forefront of
technological progressivism will also put
them at the forefront of social and
economic progress, and this will hopefully
help to chip away at the disparities that
have surfaced in a world where 1% of the
population owns close to half of its whole
wealth (5).

Inclusivity is a must-‐have for thousands of
people across Paris, in a place where
opportunity is supposed to be abundant for
all those who seek it out, but inequality has
been growing. France was hit hard during the
2008 global financial crisis, and it has
struggled to lower it’s 10% unemployment
rate ever since. Perhaps giving more equality
of opportunity through technology can help
chip away at these disparities.



What’s Been 
Done: 
Tapping the 
Metro’s Energy



Repurposing and recycling the vast
amount of energy generated in metro
stations is an emerging topic for
innovation that is gaining traction all
throughout the world. Innovations
run from redirecting the metro’s heat
in its existing form to harnessing
other forms of energy in the metro
and transforming it to a more usable
form.

Repurpose.
Recycle.



Similarly, Paris began plans in
2011 to install a system of heat
exchangers that would draw hot air
from existing passageways to heat
water-‐filled pipes that would then
warm buildings through an
underfloor heating system. This
innovation was piloted in a public
housing building on Rue Beaubourg
that was already connected to the
metro via a staircase. While these
projects repurpose otherwise
wasted energy into heat that can
be used to warm building
complexes, ultimately they are
geographically limiting because
they depend on existing
infrastructure connecting the
buildings to the metro or having
the buildings be in close proximity
to the station.

Some innovations involve
channeling the heat generated from
the metro to warming building
complexes. Swedish railway
developer Jernhusen-‐AB proposed in
2008 that the hot air in Stockholm’s
Central Station could be used to heat
underground water tanks, and the
water could then be used to heat
Kungsbrohuset, a newly constructed
office building about 100 meters
from the station.



Other innovations recycle
wasted energy in the metro into
more productive forms of energy.
For example, a railway track near
Israel’s Haifa Station was lined with
piezoelectric tiles, which are devices
that convert mechanical stress
(weight, motion, and vibration)
generated by passing trains into
electricity that is either stored in
nearby batteries or redirected to the
grid.

Meanwhile, in 2011 the city of
Philadelphia in the United States
installed regenerative brakes-‐-‐a
braking system that works by
extracting kinetic energy from the
moving train and storing it as
electricity in a large battery-‐-‐
allowing otherwise wasted thermal
energy created from the friction in
braking to be recycled into more
useful energy.



In China, designers prototyped the T-‐
box, a small power generator comprising
of wind turbines. The T-‐box captures the
wind energy generated by fast-‐moving
trains and then converts that energy into
electricity that is stored in a device and
eventually sent to the grid. The T-‐boxes
would be installed between the railroad
ties, and calculations suggest that 150 T-‐
boxes stretching along less than one mile
of tracks has the potential to generate 2.6
kW of power that can be brought to
destinations along the train’s route. A
similar idea of harnessing the metro’s
wind energy has also been proposed in
South Korea, but instead of installing
turbines and power generators between
the railway ties, they imagine these
devices to be embedded in the walls to
create a “Wind Tunnel.”



Innovations all throughout the world
have already begun exploring the idea of
either transferring heat from the metro to
warming buildings, or transforming the
metro’s energy-‐-‐such as mechanical or
wind energy-‐-‐into electricity. As
mentioned earlier, transferring thermal
energy poses geographical limitations as
heat pipes do not work over longer
distances. Thus, our project focuses on
the transformation rather than the
transfer of energy We shifted away from mechanical

energy because piezoelectric tiles have
a high inefficiency and low power
output. We also shifted away from
harnessing wind energy because
installing wind turbines may create
additional wind resistance against
moving trains in the subway. Thus, we
chose to focus on the transformation of
thermal energy into usable electricity.



What’s Been 
Done: 
Subsidies



In terms of addressing the
increasing difficulty for low income
people to pay their electricity bills,
we were inspired by an ongoing
public policy in France. Created in
2005, the Tarif de première nécessité
(TPN), that would be the basic
necessity price, is a discount given to
certain households, 4 million of
french people beneficiated from it in
2015 on their annual electricity
subscription. This discount is
calculated in function of revenues,
number of persons in the household
and electricity consumption. For
instance, a couple with two children
needs to have a monthly income
inferior to 2030 euros, their discount
can then go from 88 euros to 117 per
year.

The maximum discount being of
140 euros per year, this program has
been shown as helpful for its
beneficiaries, but considering that
9% of people declared having
trouble to pay for the electricity bill
in 2015, it can not be described as
enough.



The Solution
Part 1: The 
Technology



The Paris metro is one of the
densest and largest in the world.
The metro by itself consumes 1.4
billion kilowatt hours per year,
enough electricity to rival a city of
225,000. The metro accelerates via
electric motors and brakes for each
stop via friction braking. Because
the metro is so heavy, moves so
fast, and stops so hard and
frequently, the amount of heat
generated by the brakes alone is on
the order of millions of kilo-‐watt
hours worth of electricity.



Although currently much of
this heat will escape to the
outside environment above
ground, a significant fraction
stays in the underground tunnels
making them consistently
warmer than above ground. In
addition to the heat from the
metro, the tunnels are also
warmed biologically by the ~1.5
billion passengers/year, each of
whom emit about 100W in heat
energy to the air. Currently, the
motion of the train and some
pumps force tonnes of air to
flow out of massive air vents
that lead to the street above,
losing this heat to the
environment.

If somehow that heat could
be captured, it could be put to
good use and take stress off
other green energy sources.
Previous approaches have
used heat pipes to circulate
the heat through public
housing, but this approach is
limited geographically
because the heat pipes
cannot run for very long and
practically because pure heat
energy cannot be used to
keep the lights on or charge a
computer.



Our idea is to recycle this waste heat back into electricity by installing
banks of cheap Peltier tiles (thermoelectric generators) in the hot air
vents. Instead of venting into the atmosphere, the hot air would be
channelled into smaller capillary pipes and warm the heatsink on the
bottom of a Peltier tile. The top heat sink would be cooled by the ambient
cooler air above ground. This temperature gradient across the tiles is
what generates the electricity.



How Mother 
Nature has 
Perfected It



To maximize the energy obtained and the efficiency of the tiles, the temperature
gradient will be maximized via the principle of counterflow. In some fishes gills,
counterflow is utilized to maximize diffusion of oxygen through the skin.
Deoxygenated blood flows in the opposite direction to oxygenated water to maximize
the concentration gradient and therefore the amount of diffusion in the given time.

Both fish gills and peltier tiles work with
two fluid flows. In this case the two fluids are
water and blood where oxygen diffuses
between them. In the case of the peltier tiles,
the two fluids are both air where heat diffuses
between them.

Heat and oxygen concentration both
follow the same principle of diffusion which is
proportional to the concentration/temperature
gradient. For the individual tiles, the hot air
flows in one direction and the tiles would be
placed in the sidewalk in such a way (like at the
bottom of a building) where the wind usually
flows in the opposite direction of the hot air.



The governing principle of our
idea is to harness excess-‐-‐and
otherwise wasted-‐-‐thermal energy
generated in Paris’ metro and
convert it to electrical energy. The
idea of coupling free energy
releases to processes that
consume energy parallels the
biological phenomenon of the
electron transport chain (ETC) and
ATP synthesis in cellular
respiration. Just as the
mitochondria converts less useful
energy into ATP molecules that
store and provide energy all
throughout the cell, our idea would
convert wasted thermal energy
that is concentrated in the metro
to useful electricity that can be
directed to the grid.



The ETC occurs in the mitochondria
where electrons move through a series of
“electron carriers” (transmembrane
protein complexes) that have increasing
electron affinities and thus increasing
redox potentials (1). As the electrons
move through this system, the change in
redox potentials results in the release of
free energy that is used to pump
hydrogen ions against its

concentration gradient out of the matrix.
This process forms a strong H+
electrochemical gradient that stores
potential energy (2). As protons pass
through ATP synthase down its
electrochemical gradient and back into
the matrix, free energy is released to
power the thermodynamically
unfavorable process of phosphorylating
ADP into ATP (1,2,3).



In the ETC, we see how the
thermodynamically favorable process of
transporting the electron through the
chain is coupled to the thermodynamically
unfavorable process of pumping hydrogen
ions against its electrochemical gradient,
and also how the favorable diffusion
hydrogen down its electrochemical
gradient is coupled to the unfavorable
phosphorylation of ADP to ATP.

Our idea works on a similar principle
of harnessing free energy and coupling it
to processes requiring energy
consumption. Our idea proposes a series
of underground pipes that channels the
otherwise wasted thermal energy
generated in Paris’ metro to create
temperature gradients in Peltier tiles that
would allow for the extraction of electrical
energy.



The Solution
Part 2: The 
Education



Frequently when new technology is invented, engineered, and
implemented, it is imprisoned in a metaphorical black box.
The technology and information is only available to a select
few. As recycling wasted energy in the city is a mindset we
seek to spread among everyone, this black box simply won’t
do. (M) power seeks to break open this box by harmonizing
education and technology. In the short term, this would start
with an educational website that would be targeted at social
housing, as we want to target the population which is usually
the furthest from breaking in the black box.



The website would be similar in style to Via Verde’, a green public housing
in New York City. There will also be tabs that users can click on which will direct
them to pages informing them of our technology-‐-‐a simple explanation of how
Peltier tiles work and how they bring energy to the buildings. However, to
incentivize tenants to actually view this educational material, their bill with
their usage breakdown will be on this same screen on the interface.



Peltier Tiles

Energy	  Use	  Breakdown
(Kitchen	  vs.	  Bedroom,	  etc.)

Price/Usage	  this	  Month Price/Usage	  Over	  Past	  Few	  Months	  (Graphs)	  

Environmental	  Impact

Tip	  of	  the	  Day	  for	  Using	  
Less	  Energy/Potential	  

Money	  Saved	  if	  
Implemented	  Tips

OtherWind	  TurbinesSolar	  PanelsWind	  



Although	  it	  seems	  subtle,	  if	  implemented	  and	  designed	  
well,	  such	  a	  website	  has	  the	  potential	  to	  significantly	  raise	  
awareness	  about	  green	  energy	  and	  reduce	  electricity	  
consumption.

Despite	  our	  technology	  oriented	  society,	  the	  digital	  
gap	  is	  unfortunately	  very	  real	  for	  many	  low	  income	  
tenants.	  In	  newer	  public	  housing,	  kiosks	  could	  be	  
installed	  on	  ground	  floors	  with	  touch	  screens	  that	  
display	  the	  website.	  Tenants	  could	  log	  in	  and	  view	  
their	  energy	  consumption,	  along	  with	  the	  energy	  
consumption	  of	  the	  building	  and	  whether	  they	  are	  
using	  more	  or	  less	  than	  average.



In addition to the website which could raise short term
awareness of green energy and energy recycling, we also
propose a longer term classroom approach. The Peltier tiles
have the potential to become a powerful data streamwhich can
be used by teachers in a classroom setting to teach the next
generation about the sustainable mindset.

The key to making this feasible, would be the
analysis of the data stream by the website. A
pure data stream from the tiles would be far
too complicated and massive to be of any real
use. The website could specifically analyze the
data and use simple graphics and charts to
make the data accessible and understandable.
We estimate that after 2-‐3 years of operation,
enough big data will be collected, analyzed,
and simply displayed by the website that
teachers could utilize it to teach the basic
principles of physics, engineering and
sustainability.



The 
Execution 
Plan



First, it’s crucial to underline
that EDF almost has a monopoly of
electricity distribution in France and
is therefore one of the most
important electricity companies in
the world. Today, France mostly
relies on nuclear energy. However,
EDF has several investments in
renewable energies, which currently
represent 15% of the energy EDF
produces in Europe. We believe it
would be an interesting opportunity
for them to invest in a low-‐cost
technology.

In fact, all the energies, even the
expensive ones such as solar panels
offer in the long term run important
benefits for the company. M(Power)
follows those lines, especially because
the maintenance costs are limited.
Therefore, the starting investment
would be completely bypassed in a
few years, whereas the potential of
the wasted heat would remain
constant.



The wasted heat from the metro
is produced both by the breaks and
the human heat from the passengers.
In that sense, it can be considered as
a positive externality produced by
human activity. The wasted metro
heat is not owned by a single party
and is therefore available to
whomever wishes to utilize it.

We will minimize the number of
actors involved so as to improve the
efficiency of implementation. We will
begin with one metro line and grow
the project afterwards. We believe
the Electricité de France, EDF, should
be the owner and leader of the
project. It is the most logical path to
follow for several reasons.



EDF has a strong commitment
to the educational field. EDF
developed a program called POD in
the United Kingdom with the
ambition of inspiring young people
and their families to choose a more
sustainable lifestyle, and also to
promote engineering and science as
a career choice among children. The
POD is a web platform offering
diverse kinds of teaching resources.
It is possible for teachers to access
movies, games, and also download
resources and podcasts. The website
appears to be successful: it is
currently used by 34,000 teachers in
20,500 British schools. This
commitment to education is similar
to the (M) Power philosophy



Plus, the company could benefit
from the subventions installed by the
European Union and France for the
production of green energy. In fact, the
ongoing European policy in energy
pushes towards more green energy in
the continent, through generous
subventions.

In terms of logistics, two filials of
EDF, Réseau de Transport d’Electricité
(RTE) and Enedis, own the electricity
distribution infrastructures. RTE is in
charge of distribution the very high and
high tension electricity and Enedis, the
mid-‐tension, to the final consumer.
They work together to maintain and
develop the electricity network. That’s
why, we think they will be the most
accurate actor to start, develop, and
maintain the Peltier Tiles technology.



To implement our project, we think it
would be appropriate to start as an
experiment before it can actually be
generalized. In terms of logistics, it is
important to acknowledge that Peltier
tiles have never been used in this way
before, and there are a number of novel
challenges to address. Thus, it is most
logical to start with a pilot project on a
single line to test the effectiveness before
scaling. We will start with the line 4
because it’s the second busiest line in
paris, stays entirely underground, and
stops very frequently. As the metro runs,
it is designed to suck cold air through
entrances and exits, then push the heated
air throughout vents that run up to the
street along the length of the tunnels. The
peltier tiles would be installed on all of
these exit vents on the line 4.





We know form the first law of thermodynamics that energy consumed by the metro’s
engines is ultimately equal to the amount of heat given off. E.g. if 100 J powers the metro, the
motors will be 90% efficient so 10J of heat is produced, and 90J of kinetic energy is produced.
Then, when the metro brakes the train goes to zero kinetic energy so the 90J of kinetic energy
also turns to heat, totaling 100J of heat. Some of this heat will go into raising the temperature of
the train or the ground and won’t go into the air for the peltier tiles to harness. Additionally,
some hot air will escape through metro entrances, although the metro is designed so the flow of
fresh air comes from the entrances and the hot air leaves through the vents so most of the hot
air will ultimately go to the banks of peltier tiles. The 0.8 in equation (1) is the fraction of
electricity consumption that is used by the engines of the trains and most directly contributes to
heating the air. The heat given off per person in (2) is based on a 20 minute commute and a
100W power emission. 7 The 20% in equation 4 is an estimation of how much heat energy can
be transferred to the peltier tile heat sinks (and therefor converted to electricity) before
escaping to the atmosphere. The 8% is a conservative estimation of the efficiency of the Peltier
tiles)

1.55 million kilowatt hours may seem like a lot, but is an expected result in the correct
order of magnitude when one considers that a tiny fraction of the metro line 4’s air heat is
already being used to help warm an entire building year round. 7 Converting this heat to
electricity will natural mean a loss in energy because the tiles are not 100% efficient, but
electricity is also more liquid and useful so this compromise is worth it especially considering
the low construction cost. Enough electricity to power approximately 250 apartments, or a
small number of buildings, is expected when one considers harnessing the hot air from an
entire line instead of just a tiny part.



Each	  peltier tile	  would	  be	  50mm	  by	  50mm	  and	  can	  be	  bought	  in	  bulk	  for	  
less	  than	  1	  euro.	  The	  metro	  line	  4	  has	  approximately	  40	  hot	  air	  vents	  and	  
we	  estimate	  a	  40m	  by	  5m	  bank	  of	  peltier tiles	  would	  be	  needed	  for	  each	  
vent.	  Additionally,	  some	  basic	  thermal	  isolation	  such	  as	  revolving	  doors	  on	  
some	  metro	  entrances	  would	  highly	  increase	  efficicncy,	  and	  electrical	  
infrastructure	  would	  be	  needed	  to	  connect	  the	  tiles	  to	  the	  grid.	  The	  
Website	  development	  and	  data	  streams	  for	  the	  educational	  component	  
total	  to	  an	  estimated	  200,000	  euros,	  but	  this	  precise	  amount	  can	  vary.	  
Labor	  costs	  are	  calculated	  by	  the	  average	  minimum	  wage	  per	  month,	  and	  
as	  esimated 2	  month	  construction	  period	  with	  the	  help	  of	  20	  workers.	  



𝑅𝑒𝑣𝑒𝑛𝑢𝑒	  𝑝𝑒𝑟	  𝑦𝑒𝑎𝑟 = (𝑒𝑙𝑒𝑐𝑡𝑟𝑐𝑖𝑡𝑦	  𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑)(𝑝𝑟𝑖𝑐𝑒)
𝑅𝑒𝑣𝑒𝑛𝑢𝑒	  𝑝𝑒𝑟	  𝑦𝑒𝑎𝑟 = 1.55𝑥109 0.2

𝑒𝑢𝑟𝑜
𝑘𝑊ℎ = 310,000	  𝑒𝑢𝑟𝑜

Our calculations predict an annual revenue for the project on the
order of a few hundred thousand euros when the electricity is sold
at half the price of average solar panel electricity in Paris. 8 This
would offset upkeep costs in about 2-‐3 years. If half the revenues
were used to supplement existing electricity subsidiaries, the
upkeep costs could still be recouped in 5-‐6 years. This assumes
negligible maintenance because the banks of Peltier tiles would
have no moving parts, and would be generating electricity
constantly as long as the underground tunnels are hotter than the
ambient outside air temperature.



In exchange for the access to the wasted heat from
the metro, mostly produced by Parisians, that will allow
EDF to obtain non-‐negligible benefits, we think it would
be fair for the city of Paris to demand a compensation
fee. This energy access fee would be then used by the
local government for social purposes.

Considering that the distribution price for electricity
is regulated by the national government and
homogeneous through the country, the only way people
from public housing could beneficiate from the Peltier
innovation, would be to give them a subsidize, a form of
monthly deduction from their electricity bill. This
principle already exists with the basic necessity price for
electricity presented earlier, but it still is limited to the
lowest incomes. Knowing that the number of poor
people in France is estimated to be somewhere in
between 4 and 8 millions of persons over 66 millions,
having a local subsidy for electricity, an irreducible need,
seems appropriate. Plus, this policy is extremely
coherent with the mayor’s current policy, deeply
committed to social issues.



Those expenses are usually
divided per three in a green public
housing, which is a considerable asset
when it comes to rent houses to low
income people.

Overall, having a few actors,
mainly EDF and Paris Habitat, involved
in the project makes the project solid,
because it only relies on their
goodwilling. Plus, both actors have
enough means to develop m-‐power, a
project that fits perfectly in their
current policy.

Regarding Paris Habitat, the
main local agency in charge of
public housing, it’s also interesting
for them to commit to this recycled
energy. It would be consistent with
their current policy, since they
already use trash heat as part of
energy for some of their public
housing. Moreover, as the others
agencies in Paris, they understood
that in the long term, investing in
greener energy is a successful bet.
The initial investment for self-‐
sufficient buildings in terms of
energy, can be cushioned by using
cheaper materials for the
construction. Green public housing
already offer them the possibility of
renting houses with low communes
expenses.



Assessment
Plan



The evaluation is a crucial component
of the project’s success. We feel strongly
about making a project that’s actually
viable in the long term in the sense that it
would provide an answer to people’s need,
that’s why we think the evaluation will
determine whether or not the project can
be pushed further or not. To be successful,
the project needs to fill four criterias that
are pertinence, coherence, efficacy,
efficiency and impact. The evaluation
would interven a year after the beginning
of the project. It will have two components,
the technical one and the feedback from
inhabitants.



First, the technical one to
measure the efficiency. For electrical
systems like M-‐power, monitoring
performance is easy because the grid
keeps track of how much energy is
added. In addition, thermocouples and
pressure monitors will be added to
each bank of peltier tiles to gather
data on flow rate and temperature.
This will allow optimization of the
system as a whole over the course of
the first month of installation. In order
to gain performance figures for the
system in all 4 seasons, a performance
report will be conducted after the first
year of operation. It will include how
much energy was added to the grid,
any ways which the metro was
affected, and how the system could be
further optimized if needed.

If successful, the system will
be expanded to further metro
lines and additional thermal
isolation will be added. We
would also like to gather survey
data on those using the website
to determine whether or not
they found it helpful and
informative. In addition, after a
year of operation we would like
to present the data stream
figures to schools and receive
feedback on how it could be
incorporated into classroom
education. The website will be
updated with this feedback.
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