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Abstract
This study has two primary objectives. First, it reviews methods to reduce greenhouse gas (GHG) emissions in the ammonia 
industry. Second, it explores a policy intervention that could create an enabling environment for decarbonizing this sector. This 
policy mechanism is the use of green bonds to finance the industry’s transition, with a particular emphasis on tokenized index-
linked green bonds. These bonds feature coupon payments dynamically tied to the spot price of ammonia. Given their reliance on 
ammonia price fluctuations, accurately forecasting ammonia prices becomes an important sub-objective to structure these bonds 
effectively.

To achieve this, a Long Short-Term Memory (LSTM) network is employed to model and forecast ammonia prices. The analysis 
reveals a stable to modestly increasing price trend, which has significant implications for the performance of tokenized index-
linked green bonds. Such bonds offer a base coupon rate plus a premium positively correlated with ammonia prices. As ammonia 
prices are projected to rise gradually over the forecast horizon, investors can expect increasing coupon payments, particularly 
during the bond’s early lifecycle. This performance-linked structure incentivizes investment in decarbonization projects, aligning 
financial returns with environmental goals.

Decarbonization of the ammonia industry requires substantial capital investment in two main pathways. The first is blue ammonia 
production, where carbon capture, storage, and utilization (CCSU) technologies are integrated with the Haber-Bosch process 
to mitigate emissions. The second pathway involves producing green ammonia through water electrolysis to generate hydrogen, 
followed by applying the Haber-Bosch process to synthesize ammonia. Tokenized green bonds can be used to bridge the funding 
gap. 
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Introduction
In 2015, a new international treaty referred to as the Paris 
Agreement was agreed to by 196 countries to address the grow-
ing threat of climate change. The agreement aims to galvanize 
global efforts to limit global warming to well below 2°C above 
pre-industrial levels, with an aspirational target of capping the 
temperature rise at 1.5°C. To achieve this objective, each par-
ticipating country is required to submit and implement its own 
action plan, referred to as Nationally Determined Contributions 
(NDCs) [1]. 

These NDCs are tailored to national contexts and outline spe-
cific commitments to reduce greenhouse gas (GHG) emissions 
across various sectors. Common high-emission sectors targeted 
in NDCs include heavy industry, electricity generation, transpor-
tation, agriculture, forestry, and waste management [2]. Among 
these, the heavy industry sector often encompasses the petro-
chemical industry, which in some nations includes the ammonia 
industry, which is a significant contributor to GHG emissions.

Ammonia (NH3), a colorless gas with a sharp odor, is composed 

of one nitrogen atom and three hydrogen atoms. It serves as an 
important input in multiple industries, including fertilizer man-
ufacturing, industrial cleaning products, and refrigeration sys-
tems. Beyond its traditional uses, ammonia has also been identi-
fied as a potential long-term energy storage medium [3]. 

Ammonia is typically produced using feedstocks such as natural 
gas, coal, naphtha, or oil. Natural gas, primarily composed of 
methane (CH4), is the most common feedstock used in ammonia 
production. This ammonia production process involves two key 
steps. The first is referred to as steam methane reforming (SMR). 
This is where methane is reacted with steam in the presence of a 
catalyst to produce a synthetic gas (syngas) (a mixture of hydro-
gen and carbon monoxide). The second step is the Haber-Bosch 
process, where purified hydrogen is combined with nitrogen to 
form ammonia [4]. While the SMR-Haber-Bosch is commercial-
ly feasible, the production of ammonia via this process generates 
substantial GHG emissions, with estimates ranging from 2.0 to 
4.6 tons of carbon dioxide equivalent (CO2e) per ton of ammo-
nia, depending on plant efficiency [5].
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Nonliving things have to be classified. There is taxonomy for 
living things. Why not also classify nonliving things? This is the 
basic classification. First, he gave a background or classification 
of other or broader classification. Then, he defines and classifies 
nonliving things.

Introduction
Matter is physical substance in general, as distinct from mind 
and spirit; (in physics) that which occupies space and possesses 
rest mass, especially as distinct from energy [1].

Classification
I.	 Immaterial
A.	 Fiction
B.	 Abstract

II.	 Dimensional
A.	 Spiritual
B.	 Supernatural or Paranormal
C.	 Virtual Reality or Computer related or Graphics related

III.	 Energy and Force
A.	 Potential
B.	 Kinetic
C.	 Spectrum
D.	 Field

IV.	 Life
Taxonomy

V.	 Nonlife
A.	 Virus - Viruses are not living things [2].
B.	 Element
C.	 Compound
D.	 Mixture
1. Compound, Mixture or Combination (Including Elements)
a. Substance - a particular kind of matter with uniform properties 
[3].
b. Material - the matter from which a thing is or can be made. It 
can be natural, synthetic or man-ade.
1. Smart Material - Smart materials, also called intelligent or 

responsive materials, are designed materials that have one or 
more properties that can be significantly changed in a controlled 
fashion by external stimuli, such as stress, moisture, electric or 
magnetic fields, light, temperature, pH, or chemical compounds.
2. Nanomaterial - Nanomaterials are chemical substances or 
materials that are manufactured and used at a very small scale. 
Nanomaterials are developed to exhibit novel characteristics 
compared to the same material without nanoscale features, such 
as increased strength, chemical reactivity or conductivity. 
“ISO (2015) defines a nanomaterial as a:
‘material with any external dimension in the nanoscale (size 
range from approximately 1 – 100 nm) or having internal 
structure or surface structure in the nanoscale’[4].
3. Nanomachine (Nanite) –  A nanomachine, also called a nanite, 
is a mechanical or electromechanical device whose dimensions 
are measured in nanometers (millionths of a millimeter, or units 
of 10 -9 meter).

Nanomachines are largely in the research-and-development 
phase, but some primitive devices have been tested. An example 
is a sensor having a switch approximately 1.5 nanometers 
across, capable of counting specific molecules in a chemical 
sample. The first useful applications of nanomachines will likely 
be in medical technology, where they could be used to identify 
pathogens and toxins from samples of body fluid. Another 
potential application is the detection of toxic chemicals, and the 
measurement of their concentrations, in the environment.

The microscopic size of nanomachines translates into high 
operational speed. This is a result of the natural tendency of all 
machines and systems to work faster as their size decreases. 
Nanomachines could be programmed to replicate themselves, or 
to work synergistically to build larger machines or to construct 
nanochips. Specialized nanomachines called nanorobots might 
be designed not only to diagnose, but to treat, disease conditions, 
perhaps by seeking out invading bacteria and viruses and 
destroying them.

Another advantage of nanomachines is that the individual units 
require only a tiny amount of energy to operate. Durability is 
another potential asset; nanites might last for centuries before 
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breaking down. The main challenge lies in the methods of 
manufacture. It has been suggested that some nanomachines 
might be grown in a manner similar to the way plants evolve 
from seeds [5].
4. Ordinary material or other special material.
c. Thing – examples are chairs, computers, notebooks, pencils 
and etc
d. Energy Producing or Chemical Reacting
Energy, in physics, the capacity for doing work. It may exist in 
potential, kinetic, thermal, electrical, chemical, nuclear, or other 
various forms. There are, moreover, heat and work [6].

Chemical reaction, a process in which one or more substances, 
the reactants, are converted to one or more different substances, 
the products [7].

Conclusion
Here is the basic nomenclature or classification of nonliving 
things which may also be called chemical nomenclature 
or classification. Addition, revision and critique are highly 
regarded. Classification or Nomenclature of Smart materials, 
Nanomaterial Nanomachines, Energy Producing or Chemical 
Reacting  are to be expected which also the author proposes. 
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