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= == Membrane [Electrolyte):
» Conducts Hydrogen ions
*Made of Nafion [perfluorosulfonic acid)
4 4 Catalyst Layers (coating on anode and cathode):
4 o Made of nancmeter thin Platinum, Carbon paper

Electrodes:

* Made of Carbon paper, platinum [coating),
Nafion ionomer, Teflon to bin

Gas diffusion layers (GDL):

* Transport reactants into catalyst layers, remove
waste water

Many cells are stacked together fo produce up to
250 kW for PEMFCs at 40-60% fuel efficiency.
This output is realized as an electric current flowing
from the anade to the cathode over a load
resistance such as a car moor.

Hydrogen atom

*Made of Carbon paper
HFC vehicles use 195 GJ over their lifefimes, Electron *Cooted with PFTE [Teflon]/
compared fo the 819 Gl of internal combustion +Inner surface coated with high surface area
engines. Flow! carbon mixed with PFTE
) used to incorpo Memb
ElectrodeAssembly into Fuel cell:
Gaskets (seal]
By optimizing a solar panel’s angle and using 0% *Made of silicone Rubber
efficient electrolyzers, electrolysis produces enough Bipolar plates
hydrogen fo replace almost 130 tons of diesel a month. +80% of the weight, 50% cost

*Made of graphite, metal (stainless steel,
aluminum, fitanium}

Ovutputs:

The ¢ that preduce these materials,
particularly DuPont, have a frack record of fines
and environmental violations. Teflon is made with
carcinogenic compounds, that pollute drinking
water around factories.

Mining in general carries consequences that can
be ecosystem destroying, including habitiat
removal and contamination of local water sources
It also creates a ton of waste and CO2 emissions.
Graphite mining is especially bad as it is not
well regulated and it coats towns in layers

of soot, causing respiratory problems. Platinum
mining turns waler acidic, emits both CO2 and
502 (which couses respiratory diseases), and
emils particulate matter [which causes cancer
and lung damage).

When the fuel cell is operating properly, it should
only praduce water vapor as a byproduct. IF
hydrogen gas escapes it can act as a secondary
greenhouse gas, os well as an ozone depleter.
There are not currently enough fuel cells to make
recycling economically viable. Some of the
materials can be quite toxic, or cannot be
recycled at all
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Electrolyte

Cathode Reaction:
4H'+ 4e = 2H,

Anode Reaction:
2H,0 = O, + 4H'+ 4e

Mining platinum, along with other rare Earth metals,
is incredibly energy intensive. it takes 1244 M) for
every ton of rock extracted from the ground. Then
more energy is used to extract the ore from the rock.

DESAOA Research Project W2018
The Life Cycle of Hydrogen Fuel Cells
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Graphics adapted from the Smithsonian institution and the US Department of Energy:
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