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Presentation Outline

1.

GHG emissions, amortization, and the
Time Correction Factor (TCF)

Effect of applying the TCF and other
emissions timing problems to analysis of
PVs

Broader application in life cycle
assessment (LCA)



GHGs and LCA Methods

e (Capital investments that produce GHG emissions are
commonly amortized over some time horizon in LCA
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e (Capital Investment Examples: Manufacturing, equipment
and machinery, plant construction, infrastructure, and land
use.

e Manufacturing emissions for PV cells are treated this way

Figure adapted from: Kendall, A., B. Chang, & B. A, Sharpe, 2009. Accounting for Time-Dependent Effects in Biofuel
Life Cycle Greenhouse Gas Emissions Calculations Environmental Science & Technology, doi: 10.1021/es900529u.



Cumulative Radiative Forcing

e The IPCC’s widely accepted global warming
potential (GWP) is based on the ratio of cumulative
radiative forcing (CRF) between some greenhouse
gas (GHG) and a reference GHG - CO, (IPCC 2007)

e Radiative forcing (RF) is the estimated capacity of a gas
in the atmosphere to trap radiation

e CRFis the integral of RF over some time horizon

e Here we use relative values of CRF to compare the

effect of GHG emissions that occur at different
times.

*Intergovernmental Panel on Climate Change. IPCC Fourth Assessment Report: Climate
Change 2007 - The Physical Science Basis. Cambridge University Press: Cambridge, 2007. 4



How does a 20-year amortization change
CRF for an emission of CO,?
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A Scaling Factor to Correct This

e Asimple Time Correction Factor (TCF) was
developed with the same principles used to
calculate GWP (Kendall et al., 2009)

e The TCF calculates relative potential based on
a reference time

- TCF Equation THA
Total dt
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Kendall, A., B. Chang, & B. A, Sharpe (2009) Accounting for Time-Dependent Effects in Biofuel Life Cycle Greenhouse
Gas Emissions Calculations Environmental Science & Technology, doi: 10.1021/es900529u).



Effect of Applying TCF to Amortized
Emissions
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Based on TCFs reported in: Kendall, A., B. Chang, & B. A, Sharpe. Accounting for Time-Dependent Effects in Biofuel Life Cycle Greenhouse
Gas Emissions Calculations Environmental Science & Technology, doi: 10.1021/es900529u. /



Emissions from PV Systems

e Emissions occur outset of the PV life cycle —
during manufacture, transport and
installation

e Reporting of PV performance requires
knowledge of
e The lifetime of the system
e Average solar irradiation
e Efficiency of PV cell



PV Technologies Compared

e Compared poly-Si, copper indium
diselenide (CIS), and cadmium telluride
(CdTe) PV technologies

e Based on data from Raugei et. al (2007),
which assumes 20-year life, average
irradiation of 1700 kW/m?4a, and includes
the Balance-of-System.

Raugei, M., S. Bargigle & S. Ulgiati (2007) Life cycle assessment and energy pay-back time of advanced
photovoltaic modules: CdTe and CIS compared to poly-Si Energy 32: 1310-1318



TCF Applied to PV GHG Intensity Estimates
Ilgnoring Timing With TCF

gCO2e/kWh gCO2e/kWh

poly-Si low 167 297
poly-Si med. 72 128
poly-Si high 57 101
CIS 95 169
CdTe 48 85

e The terms low/med./high refer to Raugei et. al’'s A, B, and C
designations.

Raugei, M., S. Bargigle & S. Ulgiati (2007) Life cycle assessment and energy pay-back time of advanced
photovoltaic modules: CdTe and CIS compared to poly-Si Energy 32: 1310-1318
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Relative performance over time

e The problem of emissions timing is more interesting when we consider the
CRF profile of avoided emissions as well. O’Hare et al. (2009) used a similar
approach for evaluating corn ethanol.

e PV quickly “pays back” its emissions assuming it displaces average US grid
GHG emissions (Kim and Dale, 2005) — regardless of emissions timing.
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O’Hare, M, R. Plevin, et. al (2009) [Env. Res. Lett. 4, 024001] considered a similar problem in the context of biofuels displacing petroleum fuels.

Kim, S. & B. E. Dale (2005). Life cycle inventory information of the United States electricity system. International Journal of Life Cycle

Assessment, 10, 294 — 304. 11



Key Assumptions and Current Limitations

e All calculations shown here assume that

emissions (even when reported as CO,e)
are CO.,.

e TCFs for CH,, N,O, and other important
gases have not been developed

e The TCF only applies to amortized
emissions
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Broader Implications for LCA Methods

e The TCF proposed here is just one of many
potential solutions for addressing GHG
emissions accounting in LCA (e.g. O’Hare et. al’s
Fuel Warming Potential)

e We might consider reporting CRF at a given
time horizon rather than reporting summed
CO,e values to better compare programs or
technologies designed to mitigate climate
change.

O’Hare, M, R. Plevin, et. al (2009) Proper accounting for time increases crop-based
biofuels’ GHG deficit versus petroleum Env. Res. Lett. 4, 024001
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