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1. Introduction 
All major organizations that research climate change including the Intergovernmental 
Panel on Climate Change (IPCC) agree that we will need negative emissions technology 
(NET) in order to avoid the worst impacts of climate change. 

Near the end of a recent two-part post we covered one type of negative emissions 
technology – producing biomethane from biomass, using it to fuel combined cycle power 
plants and, capturing the carbon dioxide (CO2). In section 3.1 of this post (linked below) 
we focused on the back-end of the in-plant process (capture of the CO2). Just before this 
subsection we referenced a couple of earlier papers on sequestration. 

https://energycentral.com/c/ec/tough-love-%E2%80%93-part-2  

The acronym at the end of the title of this Part 1 post is for bioenergy with carbon 
capture and sequestration. I recently read a very good article on this in the August Issue 
of Scientific American which is referenced here.1 

This post covers sources of biomass that have the potential contribute to carbon dioxide 
sequestration while fulfilling other human needs. 

Part 2 (will be posted a week after part 1) will cover a method of carbon capture that 
provides additional benefits, mineralization. 

2. Roles of Biomass in Mitigating Climate Change 
Biomass can sequester CO2 in three ways: A plant (of the green type, not the product-
production type) builds its mass mostly from light, water and CO2.  

1. As long as a plant (primarily a tree) remains alive and growing, it is sequestering 
a large majority of the CO2 it absorbs in its growing mass. 

2. If a tree is harvested and processed into lumber, any long-lived structure, 
furniture or other product made from this lumber will continue to retain a large 
majority of the CO2 that is in its wood. 

3. Any dry woody biomass or other dry plant mass can be combusted, and this 
releases gas. CO2 can be captured from this gas and (preferably) geologically 
impounded, thus permanently sequestering it. 

2.1. Earlier Posts 
The above processes were explored thoroughly in the two posts described and linked 
below: 

Trees: This post explains the right way to do reforestation (replanting woodlands in 
areas that were previously cleared) and afforestation (planting woodlands in areas 

                                                 
1 Eric Toensmeier & Dennis  Garrity, Scientific American, “The Biomass Bottleneck”,  August 2020, p.64 
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where there were no recent forests). This post also explores negative emissions 
technology using woody biomass. 

https://www.energycentral.com/c/ec/trees  

NUTS: This paper is about woody biomass, why, when and how we should use this for 
energy production. Oh yes, and it is also about everything nuts. 

https://www.energycentral.com/c/cp/nuts  

2.2. Future Feedstock 
Although I have mentioned this in prior posts, many major industries are evolving to use 
biomass as feedstock. The good news is that this will reduce demand for geologically 
sourced petroleum, the bad news is that it will increase demand for biomass, 
(temporarily) reducing its availability to mitigate climate change.2 

Increasing demand for biomass will drive future innovation (as described in this paper). 
This will, in turn, drive prices down. 

3. First Steps 
The first problem with BECCS is that there are only a few small pilots world-wide. 
Although all of the sub-processes are well understood, we need to build additional pilots, 
start to scale them up to larger sizes, and develop computer-models of these processes. 
It is likely that governmental research organizations will fund the initial development of 
these, but eventually they will need to transition to for-profit projects to produce energy 
and sequester CO2. The energy will certainly have value, especially since it will be 
dispatchable, and thus can mitigate the variability of renewable energy sources like 
photovoltaic and wind-turbines. There are also ways to monetize CO2 sequestration 
through Cap and Trade System components like carbon offsets and low-carbon fuel 
standards. 

4. Creative Biomass 
One of the major concerns regarding using biomass to mitigate climate change is 
whether we have enough land area on earth to produce enough biomass to do this 
without negatively impacting other uses of the land, like food production, living spaces 
for humans, and preserving existing natural ecosystems. 

The two posts linked in section 2.1 delve into this subject a bit, and the reference 1 
article delves into it a bit more.  

4.1. Existing Biomass 
There are many existing sources of biomass. Although these are not necessarily going 
to waste currently, they would have greater value if used for BECCS. The following are 
sources of woody biomass identified in NUTS (linked above in section 2.1). 

1. Agricultural woody biomass (primary subject of NUTS) 

                                                 
2 Project Drawdown, https://www.drawdown.org/  
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2. About 40 million tons of collectable logging residues are left unused annually in 
the U.S. 

3. Fuel (fire ladder) thinning in forests, and fuel removal from brush-land / chaparral 
near occupied areas can provide large volumes of woody biomass. Increasing 
threats of wildland fires have brought attention to the hazardous fuel buildup in 
wildlands and opportunities to reduce this risk. 

4. Thinning of forests for better forest health produces woody biomass, although all 
but the smallest removed trees can also be used for lumber. 

5. Pruning remnants from orchard or vineyard trees/vines can produce large 
quantities of woody biomass. 

6. Pruning and removal residues from urban landscape maintenance can produce 
large amounts of woody biomass. 

7. Properly dried nut hulls and shells are similar enough to woody biomass to 
enable combustion in the same process. 

Additionally, some types of stover (like corn stalks and husks) might be able to be 
combusted in a facility designed to burn woody biomass. 

Other types of stover and urban landscape biomass would be good candidates for 
anaerobic fermentation to make biogas, which can be refined into biomethane, and 
combusted in combined cycle plants (see Tough Love – Part 2 (linked in the intro), 
section 3). 

4.2. Crop Yield 
Over the last few decades we have greatly increased our understanding of life-science 
and extended this into methods of (among other things) optimizing the yield of food-
crops. This process will certainly continue, decreasing the amount of land required to 
feed everyone. However we need to also focus on the following issues: 

 Enhancing the carbon storage in soils 

 Creating highly productive fuel and feed-stock crops 

 Increasing the productivity of marginal land (see next subsection) 

 Expanding controlled-environment agriculture which greatly increases plant 
productivity while using less land, water, capital and labor.3 

 Managing population growth 

4.3. Man-Made Ecosystems 
In “Trees” (linked in section 2.1), I made the following suggestion: (We should 
understand the) specifics of the carbon-carrying capability of the various California 
ecosystems. This will probably also include developing and refining computer models of 
these ecosystems as they currently exist, estimating the changes caused by climate 

                                                 
3 See Wikipedia article on “Controlled-environment agriculture”, https://en.wikipedia.org/wiki/Controlled-

environment_agriculture  
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change over the next few decades, and the likely evolution of each ecosystem as they 
respond to these changes. 

The next logical step thereafter is to develop new ecosystems by combining existing 
ecosystems with new key species and technology that enable these new ecosystems to 
be used in areas currently producing low levels of biomass per unit of land-area (read: 
deserts and marginal rangeland). The new ecosystems should greatly increase the 
amount of biomass that is produced for a given land-area.  

New key species might include genetically modified trees that are more resistant to 
pests and increasing temperature while being faster growing. Technology might include 
irrigation and mechanized harvesting. These new ecosystems could also host wildlife. 
Above all else, this should be a resilient multi-species ecosystem, not a mono-species 
tree farm. The latter can hurt water quality, biodiversity and carbon-storage. 

One variant of the above is agro-forestry. This integrates trees with crops grown 
underneath the trees. An example of this might be deciduous trees (that seasonally shed 
leaves) with winter wheat grown underneath. Another example is widely spaced rows of 
large trees with more closely-spaced (and dense) hedgerows combined with pasture. 
The bushes in the hedgerows would contain leaves that are edible by livestock and/or 
fertilize the pasture. 

In windier areas of California, early farmers planted widely-spaced cedar-brakes (rows of 
trees used to brake the wind) or eucalyptus-brakes on pasture land. This enhanced 
grass growth and made it possible to grow other crops between the rows. 

5. Low Tech 
The recommendations in the prior sections are primarily intended for economies with 
advanced technologies. At the same time we will need to develop solutions for emerging 
economies that include a large number of subsistence farms and other smallholders. 

Fortunately there are a number of mixed-use farms in these areas that can serve as 
models going forward. These vary from ecosystem to ecosystem, and in-general, must 
be developed and refined locally. 


