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Wait, what is happening now?

Temporal 

LCA

1. Links in supply chain 
graph are distributed 
through time 

2. Assess effects of 
emissions throughout 
time 

3. Total impact of emissions 
varies as a function of 
time emitted

Temporal LCA can mean at least three different things, and we will explore all three.

All cites available at the Mendeley group for dynamic LCA: https://www.mendeley.com/groups/4995001/dynamic-lca/ 



Meaning 1: Supply chain links spread over time
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First, we can locate our processes and exchanges in time.



Meaning 1: Supply chain links spread over time

Locate processes 
absolutely in time

Collinge showed how each process could occur at an absolute time. It is then easy to plot the life cycle of our functional unit 
in time. However, most of the time we want relative times, i.e. an input or emission occurs before or after a process occurs.



Meaning 1: Supply chain links spread over time
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We can distribute exchanges and biosphere flows in time using our standard statistical toolkit: distribution functions, either 
analytical or discretised into arrays.



Meaning 1: Supply chain links spread over time
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Convolution

Combining two different temporal exchanges is easy, though it sounds complicated: we call it “convolution”. The graph 
shows the convolution of the green and blue temporal distributions to produce the red distribution.



Meaning 2: Spread emissions effects over time
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A second meaning of temporal LCA is to spread our characterisation factor over time. The most prominent example is 
radiative forcing for greenhouse gases, which is a function of atmospheric lifetime, but also the atmospheric mixing time and 
other physical processes.



Meaning 2: Spread emissions effects over time
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Methodology is 
simple 
Models taken from 
the subject areas

This meaning has a lot of literature, especially concerned with criticising existing indicators such as “IPCC 100”, and 
proposing new single-value indicators. In my opinion, we would be better served to move away from a single number and 
show the integration of our different characterised flows over time.



Meaning 3: CFs are f(year emitted)
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A third meaning is changing the total CF depending on time of emission. Most CFs are marginal, which means that they 
depend on a certain background level of exposure, which can change over time. Although it adds complexity, we sometimes 
want to be able to include this dynamic interaction, as things like climate urgency are real considerations for policy makers.



Meaning 3: CFs are f(year emitted)
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Methodology is 
simple 
Models taken from 
the subject areas

There has been some recent literature on climate urgency and metrics for life cycle assessment.



Supply chain links spread over time
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The methodology for meanings 2 & 3 are relatively straightforward, but meaning 1 - temporal exchanges - requires a new 
approach. Building a linear set of equations doesn’t work; we need to propagate the relative temporal shifts as we traverse 
the supply chain.



Enhanced Structural Path Approach
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• Each series step is one level deeper in supply chain 
• One additional temporal convolution 

• Not actually matrix math 
• Barna (manuscript) 

• Graph traversal algorithm instead of matrix 
formulation 

• Detailed process model

One way of doing this is do the power series expansions, but include convolution. We can’t use traditional matrix math, as 
each element in the technosphere matrix is (potentially) a distribution instead of a number, so we need to convolute instead 
of just multiplying.



Supply chain graph traversal: Breadth first
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ESPA is a breadth first graph traversal algorithm. Each layer in the supply chain is another power in the previous slide’s 
equation.



Supply chain graph traversal: Depth first
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There are other graph traversal algorithms. Depth first instead goes down the supply chain instead of across. This doesn’t 
work well in LCA, as our graphs are cyclic (i.e. have loops), and can be quite deep.



Challenges & Solutions: Importance first
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Instead, brightway2-temporalis uses a different graph traversal algorithm. I am sure this exists somewhere, but I am not sure 
what it is called. I call it “importance-first”. We use the potential total LCA scores of each branch to evaluate the traversal 
order, and stop after reaching a cutoff criteria.



Challenges & Solutions: Importance first
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Cyclic graphs prevent a challenge - our graph can never be exhaustively searched. Remember, the values change each time 
we visit a node, as we are shifting forwards and backwards in time as we traverse temporal exchanges.



Supply chain graph traversal: Cutoff
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Worst case CF 
(sum over time)

Some authors propose using temporal cutoffs, i.e. ignore processes that occur outside of a certain time window. 

Instead, we cutoff based on worst-case characterised results; we calculate the worst values each CF can possibly be, and 
can use that to evaluate whether a branch of the supply chain graph could possibly be important.



What do we want?
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1. No arbitrary temporal 
resolution 

2. Computational 
efficiency 

3. Transparent and 
flexible model 
representation

For our data format, we want to avoid arbitrary restrictions on timescales, as well as be efficient and transparent. Flexibility 
is key, as we don’t know what and how is really needed. The temporalis format is just an array of years (can be fractional) 
and amounts…



What do we want?
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1. No arbitrary temporal 
resolution 

2. Computational 
efficiency 

3. Transparent and 
flexible model 
representation

… but you can also use functions.



How to pick processes to temporalize?
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Compare timescales of 
processes and impact 
categories

Meta-analysis of database, 
per impact category

A final question is how to determine which inventory processes or exchanges need temporal information. Two nice papers 
have been published on this, looking at the timescales of impact categories, and doing meta-analysis of ecoinvent 2.2.
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More information: 
• cmutel@gmail.com 
• brightwaylca.org

• https://www.mendeley.com/groups/4995001/dynamic-lca/ 
• brightway2-temporalis.readthedocs.org 
• chris.mutel.org

Feel free to contact me for questions or polite criticism.


