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• Systems like a coal plant with carbon capture connected 
to CO₂-EOR co-produce large amounts of fuels and 
power with no obvious – or even correct – way to 
allocate environmental burdens among them 
 

• In previous work, we showed why system expansion 
with displacement is a reasonable choice despite 
uncertainty regarding the displacement credit 
– That uncertainty must be quantified, or at least bounded, 

and displayed as part of the answer 

This work came out of discussions regarding co-
product management for large-scale energy systems 
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• Your choice of displaced product can: 
– Dramatically change the footprint of your product of interest 
– Be gamed by unscrupulous practitioners 
– Be picked apart by displeased critics  

 
• In the example of a fuels plant which co-produces electricity, 

deciding what gets displaced in the near term is complicated 
enough  
– Because of the lack of better information, most practitioners 

will choose to displace either national or regional grid electricity 
– But plant infrastructure will likely last for 60-80 years: what is 

being displaced in year 80 will be very different from what is 
displaced in first year of operation 

Choosing a product to displace is not easy 
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• We hypothesized that it would look very different, 
much in the same way that today’s mix looks dissimilar 
from the electricity mix of 60 years ago 
– The life cycle GHG emissions per unit electricity generated, 

and therefore the displacement credit you would get 
would also be different 

What is the future mix of power generation? 

witchcraftshop.net 

• A secondary hypothesis was that as the 
direct GHG intensity changed (and 
presumably decreased), the relative 
importance of indirect emissions sources 
would increase 
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• In the past, only stack emissions mattered, and justifiably 
so, as they accounted for the vast majority of emissions 
and environmental impact 

– LCA strives to change that perspective and include all 
sources of emissions related to the production of the 
product of interest 
 

• Despite the usefulness of talking about inventory items 
which are not stack emissions, there doesn’t seem to be 
an agreed-upon term for them 

– “upstream/downstream”, “life cycle adders”, “facility and 
non-facility”, “supply/value chain”, etc. 

 
• For this exercise, we define anything that’s a GHG 

emission from primary feedstock combustion (a stack 
emission) as direct emissions 

– Think of it as a ca. 1970s or 80s air regulation boundary 
– Indirect emissions, then are the full life cycle value less 

any direct emissions per definition above 
 

• This is also the general public views alternative or 
renewable power generation:  nuclear, solar, wind, and 
hydro are considered to be emissions-free 

Definitions of direct and indirect emissions 

Examples of indirect emissions for a 
coal-fired power plant: 

• Power plant construction 
• Equipment manufacturing 
• (Turbines, boilers, pipes) 
• Secondary feedstock production 

(ammonia, limestone, amine, etc.) 
• On-site operations (vehicles, lights, 

etc.) 
• Coal mining, transport and 

processing 
• Waste hauling and management 
• Transmission infrastructure 
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For 60 years, U.S. power generation dominated 
by fuels with large direct impacts 

EIA, 2014 
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1953 
(60 years ago) 

1983 
(30 years ago) 

2013 
(current) 

Recent years have been characterized by the growth 
of natural gas and alternative generation 

EIA, 2014 
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EIA Reference Case forecasts continued dominance 
of fossil fuels through 2040 

EIA 2014 
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1983 
(30 years ago) 

2013 
(current) 

With supply changes normalized, shifts are more 
apparent, especially coal-to-gas 

EIA, 2014 

Coal Petroleum Natural Gas Nuclear Hydro Biomass Geothermal Solar Wind
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Life cycle GHGs for power generation, split into 
direct and indirect components 

NETL, 2012-2014 
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Historic and forecasted GHG emissions from power 
generation are from fossil fuel combustion 

EIA 2014, NETL 2012-2014 
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Parse the same annual GHG emissions another 
way: direct and indirect 
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Grid LC GHG intensity is surprising robust to 
changes in the Ref. Case forecast 
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Grid LC GHG intensity is surprising robust to 
changes in the Ref. Case forecast 

• The grid LC GHG emission 
per unit of electricity 
generated has only 
decreased by about 9% in 
over 60 years, and is 
forecasted to change only 
5% in the next 30 

• Contribution of indirect 
emissions (the value we as 
practioners bring to energy 
analysis) has skyrocketed 
14% since 1949; this jumps 
an additional 8% by 2040 

Year LC GHGs 
(g CO₂e/kwh) 

Indirect  
Share (%) 

1949 675   9.4% 

2013 613 10.7% 

2040 580 11.3% 
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Reference Case forecast, with future generation 
replaced by “advanced” technology 
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AEO has a wide variety of cases; the reference case 
has relatively low renewable penetration 

EIA AEO 2014 
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Example: Annual GHG forecast with a $25/MT 
CO₂e cost imposed in 2015 

EIA 2014, NETL 2012-2014 
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– Virtually the entire current coal and gas fleets have been 
retired 

– Carbon capture is in place in large amounts on new gas 
plants and smaller amounts on new coal 

– Nuclear has expanded, as have all types of renewables 

The 2040 fleet at $25/tonne carbon looks very 
different from today 

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Fleet Coal SCPC SCPC w/ CCS Fleet Gas NGCC NGCC w/CCS GTSC Nuclear Hydro Geothermal Solar Wind
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Under GHG25, carbon intensity and the importance of 
indirect impacts have both changed a lot by 2040 
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• Grid GHG intensity changes slowly over time, likely due to the 
relatively slow turnover of capacity and relatively small size of 
most new generation 
– The future is highly uncertain; it is possible that more rapid shifts 

could occur given drastic policy actions 
 

• In general, GHG credits taken for co-produced electricity will be 
going down in the future, increasing the GHG footprints of 
products claiming them 
– Care should be taken to quantify the range of possibilities 

 
• Importance of a life cycle perspective is increasing 

– As GHG intensity goes down economy-wide, improvement needs to 
occur on other metrics 

– Relative contribution of non-obvious indirect impacts increases 

Conclusions 
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