Network design optimization of fuel cell

systems and distributed energy devices

of novel

This work explores hinancial and economic benefits
) cells.

operating strateqies for stationary cogenerative fue

Buildings can consume the same amount of heat and electricity
with less fuel ana gree enhouse gas emissions using stationary fuel
cell systems (FCS), but only if these FCS are aptimally configu -'L:.
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Cogenerative FCS fueled by natural gas can create 1/3" the carbon dioxide (CO ) as comven-

tinal systems, if they are designed fo recover beal with Ryl fre-mse copacily wtifization, They

generate no CO, if fueled by renewable H

Approach:

Model evaluates novel operaling strate 'n:li_lr" for designing
'frﬁu-.'n'--lc, and controlling stationary FCS to provide electricity

1 heol I |'|| '-ul'----..

* Examines novel operating strategies
* Optimizes the percentage installation of FCS for
= minimum €O, emissions
= minimum CO, emissions per unit energy cost, or

& maximum energy cost savings o building owners.
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» Orptimizes FCS installation for

= a particular location

# climatic region

= array of building load curves
= FCS type, and

= compefifive environment.
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» Shows trade-oifs among competing goals:

= cosl savings to building owners, CO, reductions, FCS installed
capacity, and manufacturer

Model investigates 12 novel operating strategies.
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Maost FCS are now installed as Strategy 1 [SFEXHN]
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LABORATORY DIRECTED RESEARCH & DEVELOPMENT

For the same configuration, networked ed cuie has "
higher CO, & cost savings than stand alone s suies) #
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CO, difference between networked and stand zlone is the
displaced CO, from selling electricity back to the grid.
Meitworked saves costs because it can install a larger number

of systems while maintaining a high FCS capacity factor.

Variabla heat-lo-power ratio (VHP) has higher CO,
and cost savings than fixed heat-to-power ratio
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Changing to novel strategies can increase energy
cost savings and the quantity of FCS installed

more than increasing the carbon tax.
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Hﬂvel strategies (11 [NVHEX] & 12 [NVEXH]) show the
. Combining a carbon tax with novel strategies
augments ta.'l: s impact on cost savings & installed capacity.

Signifiance:

1. Ml i'll-#'ﬂiﬁ_hh the most valimabile areas for fuel cell REDY and the best statinnary FCS
operating strategies.
I, Difterent strategies achieve diverse goals of cost savings to building cwners, high fuel
cell manufacturer sales, CO, emission reductions, and high CO, savings per unit cosl.
3. The environment sees the hiEﬁwir {'I'.']': redluctions and hUi'lil-nB owrers ged the I'I'-IE!II'hl
energy cost savings by switching to novel strategies:
1- Switeh from stani alone (5 to e bwarked (55, thi=n
2. Switch from fised (T) heat-to-power rain to variable 0\
3. When already MY, load following has little impact, assuming constant
energy prices over time.
4. Moide| advances stationary cogenerative FCS designs, which could save the LLS, 1/5% of its
energy consumption (21 Quads -- the heat lost at power plants and later re-generated at
|J|Ji|lil-l'lﬂh:l and an even la rger Ilrlllﬂ:lr":l.'ll'l of 1% ﬁrﬁ'l‘ll‘lﬂ!u i gas BSOS,
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