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Today’s agenda

 Role of energy systems in climate change mitigation

- Evaluating energy technologies against climate targets



Lecture 2 outline: evaluating energy technologies

+ Technology innovation dynamics

- Evaluating technologies against demand patterns



U.S. carbon intensity target
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Levelized energy costs (USD2g1o / GJ)
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Carbon emissions intensity (t COzeq / GJ)

Cost-carbon curve
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Cost and carbon intensity of energy (electricity)
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Change in energy technology costs over time
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Determinants of the rate of technology innovation

Are technology costs changing in regular ways?
If so, what equations describe these changes?

How might costs change in future?



Performance curves
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average price (USD/W)

Evaluating competing models

Moore's yearly price history
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Limits to tech improvement: commodity cost floors

Efficiency and fuel cost
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Technology design and rate of improvement

Modifying component

5 10
=
[}
. 5
)] Q.
8 £
©]
O
=
[
©
o
Increasing é}
complexity
D ;
(@] - i
O s Ny
] o~ —
10 3 yovowl v veoml ul ul ul ool i d
0

10 10° 10" 10°
# of Improvements Attempts

d=number of component dependencies; n=number of components
McNerney, Farmer, Redner, Trancik, PNAS, 2011



S T Jia + oo
T e

China) 1

Nd

c

R L
R R X3 + OOON
J0ON

| USA -

X34 + |€0D
|B0D

Nd

>
(0:
! w Do
Folmind=

LR R

. b—0—<  A¥3+009N

» e <« 9XaD3+000ON
o ® 4  +SDD+D09N

<4 4J095N

-1 ¥X4 + [e0D

Xel) + |e0)d

-4S00 +[e0)
- —qleo)

| A& Min
IS

Max T
A |® Central A

v

e
A
v

~ World

sOd 1seq vL0c
‘8|npow 0€0C -:Ad

S04 1589 ¥10¢
s|npow ¥10¢ ‘Ad

SO4d PHOM #10¢
‘s|npow 102 :Ad

©

Forecasting cost improvement under Paris pledges
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Forecasting cost improvement

LCOE [$/MWh]

250

- under Paris pledges

200

RN
@)
o

100

k=)
[ -
o
=
ﬁ.
~—
o
(Q\
-6
=

Trancik, Brown, Jean, Kavlak, Klemun, Edwards, McNerney, Miotti, Mueller, Needell, Technical Report, 2015

b 367 -
Word Y | VYV
L v\
I . v A
b - . rrrrrrrrrrrrrrrrrrrrrrrrr -
'_VOV ,,,,,,,,,,,,,, 1
e | e
. Al
o | o 4
AA """""""
- v Max
A |® Central
L A  Min
I T T O T O I I
SO 85
OO0,

5T 2

@

O OO

OGNS




Evaluating technologies against demand patterns

- Stationary energy storage

* Electric vehicles



Evaluating stationary storage technologies
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Balancing the cost and benefit of storage

annual revenue

/

- Value of energy storage

Y = Rtotal
CRF(Cgen + Ermax(Chiorage T PCstorape))

/

storage power
factor storage cost

 Storage system sized to maximize chi

Braff, Mueller, Trancik, Nature Climate Change 2016



Power Cost ($/kW)

Evaluating stationary storage technologies
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Evaluating technologies against demand patterns

- Stationary energy storage

* Electric vehicles
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