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As you might see this one several time today, here is our research group, IVEM, as 1 of the 6 components of ESRIG
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In IVEM, we have 4 main group topics:
And my presentation today falls into the category of “System analysis, modelling and simulation”
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Thank you for the introduction. Hello everyone, today, I am going to share with you my research on biogas, as an introduction of the type of research in IVEM group
-----------------------

Hello everyone, my name is …
I’m a PhD student from IVEM. 
Today, I will share with you my research on biogas as an introduction of the kind of research in my group


1.1. Biogas as a Climate change measure!
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ORGANIC FERTILIZERS WARM

1. Introduction

= Provides energy = reduces the world dependency on fossil fuels
= "Uses renewable carbon”

= Captures CH4 —a strong GHG emission

= "Doesn't interfere nutrient recycling”
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To begin, let me first explain what is biogas

As many people might already know, biogas contains 60% methane which can be used similarly to natural gas.�It is the product of the decomposition of organic matter in the environment of no oxygen. 
The input to produce biogas can be basically any kind of organic wastes.
1 feedstock = mono digestion ; 2 feedstock = co digestion�The solid-liquid remaining after anaerobic digestion is called digestate, which can also be used as an organic fertilizer

Recently, biogas is promoted as a climate change measure because:
It provides energy, use renewable carbon
It captures CH4 – as a strong GHG emission. In nature, organic matters also produces CH4 because of its decomposition. Biogas production is a way to capture this emission and turn it into energy – a very win-win situation
Besides, as mention earlier, biogas production doesn’t prevent the nutrient recycling.
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To begin, let me first explain what is biogas

As many people might already know, biogas contains 60% methane which can be used similarly to natural gas.�It is the product of the decomposition of organic matter in the environment of oxygen. �The machine that produce biogas is called “anaerobic digester”. The process to produce biogas is called anaerobic digestion or biogas production�The input to produce biogas is called biogas feedstock or substrate. It can be animal manure, virgin crop, crop residue or basically all organic wastes are usable. 
1 feedstock = mono digestion ; 2 feedstock = co digestion�The solid-liquid remaining after anaerobic digestion is called digestate, which can also be used as an organic fertilizer

Recently, biogas is promoted as a climate change measure because:
It provides energy, use renewable carbon
It captures CH4 – as a strong GHG emission. In nature, organic matters also produces CH4 because of its decomposition. Biogas production is a way to capture this emission and turn it into energy – a very win-win situation
Besides, as mention earlier, biogas production doesn’t prevent the nutrient recycling.




1.1. Biogas as a Climate change measure!
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_ Cattle manure:

~ 60 Mtonnes [yr (2017)
~11 PJ electricity /yr
~ 2.5% NL electricity consumption
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Netherlands has a very modern agricultural system which is intensive and high output
Dairy production is an example. Milk produced in NL is also used by people in other countries. 
Cattle in NL which produces ~60 million tonnes of manure per yr.
Roughly calculation convert this amount of manure to 11 PJ electricity, which is equivalent to 2.5% of the Dutch electricity consumption. 
Though this is a small number, but this is only from cattle manure itself not saying the common practice which codigest manure with other substrates, this abundant resource for biogas is promoted by the Dutch government. 
In this project, our focus will be about biogas production on the dairy farm
 

60 million tonnes per year, 33m3 biogas/ton FM manure, 25% electricity conversion efficiency, 21 MJ/m3 biogas
60 x 33  ~ 11PJ electricity, only cattle manure alone
432 PJ electricity Dutch consumption  ~ 2.5%


1.2. Other environmental links of biogas

= Biogas feedstocks are mostly by-products of agriculture

= Digestate is used in agriculture

Milk, meat

Agriculture
Manure 9

1. Introduction
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Ok. So we’ve talked about the popular sustainability of biogas. But biogas production also have other environmental links
Biogas feedstocks are from agriculture. 
Digestate is used in agriculture
 agriculture must be a part when evaluate the sustainability of biogas
Or in other words, biogas has to take into consideration of the environmental issue of the agriculture part before and after biogas production itself


Nitrogen - a critical environmental issue of agriculture

~ = Nis primarily responsible for the
growth of plants

1. Introduction

= N is the largest largest portion of
artificial nutrients provided by farmers

= N emission and N surplus causes
significant environmental impacts
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Talking about agriculture, N play a very important role! 



Nitrogen environmental impact from agriculture

NO,-

& indirect losses via NO;-

Human toxicity

T e

Eutrophication

Air pollution, diseases

Greenhouse gas Ozone depletion
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And here is the map of environmental impact of agriculture caused by nitrogen.
There are 4 forms of nitrogen emission and their impacts vary from toxic to human, toxic to nature, from local impacts to global impacts


NO3: eutrophication / toxic in water for human
NH3: kill fish, cause disease
NOx: disease, rain
N20: air pollution, greenhouse gas, ozone 
And more


2. Research

questions

Mono digestion (manure)

Co-digestion (manure:silage maize 1:1)

In this presentation:

* How the biogas production systems look like?

e What are the nitrogen emissions of each biogas
production system?




3. Systems

description

& Production chain approach
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Now I am going to discuss about my methodology. 
I look at the system through the views of the 2 key stakeholders of biogas production who are energy producers and dairy farmers 
then try to complete it by the production chain approach.


Production system seen by biogas producers

3. Systems

description

Manure 33 m3biogas/ton FM

Silagemaize 172 m3biogas/ton FM
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Now I am going to discuss about my methodology
This is how the biogas producer look at their system
Unlike tropical countries where AD can occur in room temperature, in cold countries like NL, dedicated facility with heating system is required, it needs investment and it is expensive.
Aim: make more biogas  what to put into the digester to have biogas?
While manure is abundant, it has quite low biogas yield in comparison with other feedstocks. In this case, you can see biogas yield from silage maize is 5 times more than manure. And this is the reason why people want to go with codigestion to have more biogas, more money to pay back the money invested in the facility.



Production system seen by dairy farmers

3. Systems

description

Example of Dutch dairy farm

® Dairy cows: 161 ® Milk production: 8996 kg/cow/year

® Young stock: 0 ® Fat: 4.47%

® Grassland: 46.9 ha ® Protein: 3.48%

® Maize land: 19.9 ha
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The digester is placed on the dairy farm, but from the view of the dairy farm, their main product is milk. Cows produces milk and manure, and to do that, cows need to eat. Cows often eats grass. And to grow grass and harvest it every year, nitrogen fertilizer is required. And cows in NL produces so much milk, it needs to eat more than just grass. The dairy farmers have to import more feed for their cows, and this is called the cofeed
---------------------


In high output system, cows are in the stables all years  all manure is kept and can be used for AD
Why cofeed …


Should-be-seen dairy production system

3. Systems

description
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However, this cofeed from plant as well, and like grass, it needs fertilizer to grow, and this farm unit is often forgotten by the dairy farmers or dairy production study


Should-be-seen biogas production system


Presenter
Presentation Notes
With the same logic, biogas production system is much more than the process itself. It includes the dairy production process with the dairy farm and cofeed farm. And if the cosubstrate is used, the farm that produce the cosubstrate needs to be included as well.
And this is the system boundary of biogas production system that I proposed.



Why the N fertilizer production is not included.
Yup, it is actually included in my big model where multiple energy and material flows of biogas production are described. But in this research or this presentation, I am focusing the Nitrogen emission which is not the case of fertilizer production. Fossil fuel related is the story of fertilizer production. Master students who have interest and still looking for a thesis are welcomed to work with me in this part. 


4. Quantifying nitrogen flows

Fertilizer application Biogas

Crop residues Crop storage

Manure storage
Manure application

Digestate storage
Digestate application
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The next step to answer the research question is to quantify the flows. In the picture, you can see 5 processes that emit N to the environment


Deposition,

Thunder,
Biological
fixation

Biogas

v
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Literature, inventory, 4 types of N emission


Biogas produced (m3/year)

5. Results & Discussion
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Here come the results.
First of all, as you might expect. Co digestion produced the most biogas, by approximately 5 times more than mono manure digestion

And if you look at the emission per m3 of biogas, a very common indicator used by LCA study, statistics, commercial people, co digestion even perform clear better than mono digestion. 

So based on these 2 metrics, codigestion is the way to go

And now, we move to absolute emission of the three system.
First mono digestion. Yup it’s is as expected, mono biogas has a little more emission than no biogas. The reason for that is AD not only break down C compound but only N compound. A part of N organic is turned into NH4 and then later emits. Research show that digestate has ~20% NH4 more than manure at the beginning.

And how about the codigestion?!

Oh, clearly codigestion add much more nitrogen emission than mono digestion and no biogas. The reason for it is another farm activity “cosubtrate farm” was added to the system. And because silage maize is the virgin crop that grow to produce biogas emission from its crop production has to be included. 

So yeah, we can see that with codigestion, more biogas produced but much more emission as well

this final metric shows a clear trade off between a higher biogas harvested and nitrogen environmental impact. 
And this make it clear that co digestion may not be always the best choice. 
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From this point, I would like to also reflect how this indicator can be used in practice.
By using the first indicator, subsidies come available to produce more biogas, than it is likely that more people go for co digesting 

and that is when nitrogen emission at the local and national level emerges IF virgin material like silage maize is used as the cosubstrate. If waste material is used, you can expect the impact will reduce but it is likely still higher than mono digestion because you still create more emission via anaerobic digestion.��This picture that we should be cautious in only using metrics on product basis to evaluate the effect of changing from one system to another. In my opinion this should be accompanied by figures showing the absolute system emissions



ake home messages
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In conclusion, with my presentation today, I hope I have conveyed two main messages: 
-Biogas production causes more nitrogen emission
-Depending on the metrics used, the sustainability assessment might change.


Thank you for
your attention!! g
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Thank you for your attention and I would love to discuss more if you have questions
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Thank you note
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