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FOREWORD 
When someone talks about New Zealand, some of the things that comes 

to our minds are the landscapes, such as the location used for filming the 

lord of the rings, for example. Having a scenery very diverse, from 

subtropical forests, beaches and offshore islands in the north to glaciers, 

lakes, snow-covered mountains, and flat plains in the south.  

You may think of wild sports, such as surf or snowboard. Maybe it comes 

ǘƻ ȅƻǳǊ ƳƛƴŘ ǊǳƎōȅΣ ǊŜǇǊŜǎŜƴǘŜŘ ōȅ ǘƘŜ ά!ƭƭ .ƭŀŎƪǎέΦ !ƭǎƻΣ ƻƴŜ Ŏŀƴ 

imagine a unique wildlife, where you can find bird and plant species that 

exist nowhere else in the world. Forests are full of an abundance of 

interesting plant life, from the towering ancient kauri trees to fronds of 

nikau palms. You can spot a kiwi, the small, flightless bird that represents 

bŜǿ ½ŜŀƭŀƴŘΩǎ ƴŀǘƛƻƴŀƭ ǎȅƳōƻƭΦ  

Now the time that this research began, I found a lot of resources that show that this is not only a country 

that has an amazing wildlife, landscape and culture but also a country that has in the South side a wind 

resource of approximately 70 km/h (data obtained by The Weather Company), which in a Beaufort scale 

represents a value of 8, denominated hard wind.  

!ŎŎƻǊŘƛƴƎ ǘƻ ά!ǊŎDL{έ ό¢ƘŜ ²ƻǊƭŘ IȅŘǊƻ aŀǇύΣ bŜǿ ½ŜŀƭŀƴŘ has a lot of hydro potential, being part of the 

ŎƻǳƴǘǊȅΩǎ ŜƴŜǊƎȅ ǎȅǎǘŜƳ ŦƻǊ ƻǾŜǊ млл ȅŜŀǊǎ ŀƴŘ ŎƻƴǘƛƴǳŜǎ ǘƻ ǇǊƻǾƛŘŜ ƘŀƭŦ ƻŦ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ŜƭŜŎǘǊƛŎƛǘȅ ƴŜŜŘǎΦ  

The North and Central part of New Zealand have a solar irradiation of 4.0 to 4.2 kWh/m2, daily total, 

according to The World Bank Group Solar Resource Map. When we multiply the average by 365 days (ideal 

case), we obtain a yearly total of 1497 kWh/m2. On the solar irradiation scale this number represents a 

good to very good solar resource. 

Finally, another resource that was of interest for this study was the agricultural hectares map which is a 

very iƳǇƻǊǘŀƴǘ ǊŜǎƻǳǊŎŜ ōŜŎŀǳǎŜ ƻŦ ǘǿƻ Ƴŀƛƴ ǊŜŀǎƻƴǎΦ CƛǊǎǘƭȅΣ ƛǘΩǎ ƻƴŜ ƻŦ ǘƘŜ ǇƛƭƭŀǊǎ ƻŦ ǘƘŜ ŜŎƻƴƻƳȅ ŀƴŘ 

secondly because of the busy land.  

  

Kiwi from National Geographic 1 
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HYDROGEN 

Basic Information 
The first thing we need to do, in order to understand the arguments discussed in this debrief, is to 

introduce this amazing element and some of its characteristics that make so special. Hydrogen (H) is the 

first element on the periodic table with an atomic number of 1 (Has only one proton and one electron), 

its name comes from the Greek word Hydrogenium, which means generator of water. This is very 

important because since the beginning of its discovery it was known that according to the chemical 

equation, two molecules of hydrogen react with one molecule of oxygen to produce two molecules of 

water. The most interesting part is that this process is reversible, one can turn the process the other way 

down and by breaking two molecules of water we can obtain two molecules of H2 (Hydrogen) and one 

molecule of O2 (Oxygen).  

This is the most abundant and simple element. It has been present in the universe since the moment when 

the elemental particles began to link themselves after the Big Bang, more than 13 M (million) years ago. 

Even though the stars are consuming it since their formation, it constitutes 75 % of the detectable matter 

of the universe. This gas is light, flammable and essential for life: without it we would have nor heat nor 

the Sun, nor water or the ƻǊƎŀƴƛŎ ŎƻƳǇƻǳƴŘǎ ǘƘŀǘ ŎƻƴǎǘƛǘǳǘŜ ǘƘŜ ƭƛǾƛƴƎ ōŜƛƴƎǎΩ ŎƻƳǇƻƴŜƴǘǎΦ ¢Ƙŀƴƪǎ ǘƻ 

the weak bonds it ŦƻǊƳǎ ǿƛǘƘ ǘƘŜ ƳƻƭŜŎǳƭŜǎ ƻŦ ǿŀǘŜǊΣ ƛǘ ǊŜƳŀƛƴǎ ƛƴ ŀ ƭƛǉǳƛŘ ǎǘŀǘŜΣ ǿƛǘƘƻǳǘ ǘƘŜǎŜ άƘȅŘǊƻƎŜƴ 

ōƻƴŘǎέΣ ǿŀǘŜǊ ǿƻǳƭŘ ōƻƛƭ ŀǘ ƭŜǎǎ ǘƘŀƴ -70 degrees Celsius. Hydrogen was first isolated by the British 

scientist Henry Cavendish on the mid XVII century and very soon it begun to be used; its low density makes 

it float in the air, which made it ideal for inflating balloons. The first one on using it for this purpose was a 

French scientist named Jacques Charles in 1783, but the practical applications which were more important 

was for the dirigibles and zeppelins, until the Hindenburg incident  where it led to the destruction of the 

zeppelin by catching on fire because of a short circuit of the materials of the zeppelin LZ129, leading to on 

1937, putting an end to the aircrafts supported by hydrogen. Also, it is the most common fuel on NASA 

rocket ships, well it has a huge potency to generate the thrust the rocket needs. On the past 20 years, 

there has been a los of research regarding the use of hydrogen as a substitute to fossil fuels on cars, since 

on the combustion it does not produce carbon dioxide, only harmless water steam.  

Production 
An important detail of hydrogen is that is not found freely as H2 (Hydrogen), it is bonded to other elements 

in nature. So, this means its not a primary energy source. Hydrogen is an energy vector or energy carrier, 

which means that it needs to be obtained from a natural energy resource and then it can be transformed 

into the form of desired energy source (electric or heat for example). This process requires the input of 

energy for its production.  

The most common ways of producing hydrogen gas are summarized on image 2. The ones that have the 

red square are the ones that release CO2 (Carbon Dioxide) on the production process, while the one with 

the green square, if produced with a renewable energy source it does not release any type of emission on 

the production process.  

 

 



5 
By Massimiliano Alessandro Cervo, FEL Argentina for CACME & World Energy Council 

 

H2 Production Processes 2 

Classifying them by process: 

¶ Steam Reforming: this process is also called steam methane reforming, the reformer reacts with 

steam at high temperature and pressure with methane in the presence of a nickel catalyst, 

producing hydrogen gas and carbon dioxide and carbon monoxide. The feedstock can be natural 

gas, oil and biomass. The emissions of this process can be captured by CCS (carbon capture 

storage) technology. This is a process that cannot be applied for small quantities because the 

technology does not scale down. Another method can be, with a similar procedure, autothermal 

reforming, where steam or oxygen react with the gas and it is oxidized producing hydrogen and 

CO (Carbon Monoxide) and CO2 (Carbon Dioxide). 

¶ Gasification: converts organic or fossil fuels into CO, CO2 and H2. This is achieved by reacting the 

material at high temperatures (more than 700 degrees Celsius), without combustion, with 

controlled amounts of oxygen and steam. The process uses as feedstock coal but can also use any 

organic or fossil fuel. The emissions of this process can be captured by CCS (carbon capture 

storage) technology. 

¶ Electrolysis: this technique its very common in chemistry and manufacturing, using a DC (Direct 

Current), to drive a chemical reaction. In this case the feedstock is water that produces Hydrogen 

and Oxygen with a high purity. What is so important of this process is that allows to produce what 

ƛǎ ŎŀƭƭŜŘ άDǊŜŜƴ IȅŘǊƻƎŜƴέΦ LŦ ǘƘŜ ŎǳǊǊŜƴǘ ǇǊƻǾƛŘŜŘ ǘƻ ŦŜŜŘ ǘƘŜ ŜƭŜŎǘǊƻƭȅȊŜǊ ŎƻƳŜǎ ŦǊƻƳ ŀ 

renewable energy source, it is a carbon free process. It can also be considered green in the cases 

of where the energy mix has an 80% share of renewable energy and the electrolyzer uses energy 

from the grid, it is also considered renewable hydrogen.  

¶ Pyrolysis: is the thermal decomposition of materials at an elevated temperature in an inert 

atmosphere. It involves a change of the chemical composition and is an irreversible process. It is 
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most used for the treatment of charring wood, producing char and a mix of CO, CO2 and H2 in 

the mix. This process also can have its emissions captured and stored for a later usage as well. 

¶  Photosynthesis: this is a low efficiency process, where the feedstock comes from algae, which by 

the process of interaction with the radiation from the sun and enzymes produce hydrogen gas.  

 

Hydrogen Applications 
We have already explained the properties of this gas and how to produce it. Now that we have the gas 

what can we do with it? Well hydrogen can be used for two main application, one being the energy market 

and the other as feedstock. In the following Image 3, we proceed to show hydrogen´s application. 

 

Hydrogen applications 3 

As we can observe we have the export market in the middle of the two main applications. That is what 

needs to happen in order to enable the hydrogen economy. It is a key factor to know how to export this 

product, which will be detailed further on.  

In the energy market, hydrogen can be applied on its three pillars, being electricity, heat and transport.  

¶ Electricity: Hydrogen can be used for the generation of electricity by stationary fuel cells or by its 

combustion in a combined cycle. Fuel cells today present a higher efficiency, being of 71% and 

combined cycles having an average efficiency of 50%. Fuel cells can be used for the 

decentralization of power supply and as a back up generation. As a backup generation hydrogen 

has long autonomous operation, low maintenance costs due to the lack of moving parts and if 

produced with renewable energy it enables the export market of renewable energy. Another use 
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in the energy market, which some thermal plants apply today, is its application for cooling the 

thermal reactors, hydrogen is pumped as a gas and at a certain pressure where it works as a 

cooling agent, withdrawing heat from the reactor. 

¶ Heat: This gas can be burnt to generate heat but burning things isn´t the only way of producing 

heat. When hydrogen is used in a CHP (combined heat and power) or in a fuel cell, the process is 

exothermic, it releases heat. This is a very important factor, because now hydrogen can be used 

at the same time for two purposes, increasing its efficiency and lowering the costs. It can also be 

blended in the gas grid, lowering the CO2 emissions from the gas network. We can blend up to 

20% hydrogen with the gas pipelines without having to adjust existing infrastructure. 

¶ Transport: For this application vehicles use fuel cells to convert the hydrogen with oxygen from 

the air into water steam, that is the only emission produced, and electricity, which is used to 

power the vehicle. Hydrogens energy to weight ratio is ten times greater than lithium-ion 

batteries. This means having greater range with lighter weight and smaller volume, allowing FCEV 

(Fuel Cell Electric Vehicles) to be ideal for decarbonizing the heavy-duty transport.   

When thinking of hydrogen as feedstock there are also many diverse applications: 

¶ Ammonia: Hydrogen gas is the main feedstock to produce ammonia through the Haber-Bosch 

process. It consists of the reaction of between nitrogen and hydrogen gas to produce ammonia, 

which is used as feedstock for the chemical industry, as a fertilizer, for the petrochemical industry, 

as a cooling agent and even there are fuel cells developed to split the NH3 (Ammonia), into N2 

(Nitrogen), that is released into the environment which, by being a inert gas, it is not toxic and 

does not affect the global warming nor the balance of the atmosphere; and also it produces 

Hydrogen that reacts with oxygen from the air generating water steam and also electricity that 

can be used to power a car or even used as a backup. The water steam can also be captured by 

condensation and be used as pure water or electrolyzed to produce more hydrogen and begin the 

cycle of hydrogen in a fuel cell.  

¶ Chemicals: Hydrogen gas is used as feedstock for the chemical industry to produce hydrogen 

peroxide, hydrogenation process, for machines that use hydrogen gas and multiple other uses.  

¶ Petrochemical: Hydrogen is used as feedstock for hydrogenation process of oil, benzene and many 

other processes in the petrochemical chain. 

¶ Glass Industry: Uses hydrogen gas as a protective gas in the production. 

¶ Metal Industry: Used in the production of carbon steels, special metals and semiconductors used 

in the electronics industry. Hydrogen is used as a reducing agent and as a carrier gas.  

¶ Synthetic industry: Hydrogen is used in the production of syn gas, synthetic fuels by 

hydrogenation. 

¶ Food Industry: Used for hydrogenation of oils, butter, chocolates and margarine. This allows a 

more stable product that can tolerate higher temperatures. 

As we can see using green hydrogen, we can decarbonize a great amount of industries at once, not only 

the energy market, but at least 8 markets at once. For this to happen in an efficient way we need to 

analyze ways to export hydrogen and it being economically viable. This is the challenge that hydrogen is 

facing today, that needs to be solved as soon as possible in order to enable the hydrogen economy, 

hydrogen must be transported in a safe and cost-effective manner. The carriers of hydrogen studied up 

to date are: 
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¶ LH2: Liquefied hydrogen has requirements for the distribution. They depend on cryogenic 

equipment, this technology has a high CAPEX because of the conditions that Liquefied Hydrogen 

needs to be transported in this state and ensuring a safe distribution.  

¶ CH2: Compressed hydrogen needs the use of high-pressure tankers or pipeline. There are safety 

issues that need to be considered, but it is cheaper when compared with liquefied hydrogen. This 

is because the liquefaction process and the cryogenic storage has a higher CAPEX versus the 

compressed gas, but when discussing safety issues, liquefied hydrogen is safer. If we have a leak 

of hydrogen gas, as it is so light, it can be dissipated quickly with CO2 (carbon dioxide) or even air 

flux. In the case that a molecule of hydrogen reacts with oxygen in an explosive reaction, this is 

why it is more dangerous than using liquefied hydrogen, which by its state and due to cold 

temperatures it can cause cold burns, but as a liquid it is biologically inert, displacing oxygen gas. 

9ǾŜƴ ǘƘƻǳƎƘ ƛǘ ǿƻƴΩǘ ǊŜŀŎǘ ǿith oxygen gas it is still a flammable liquid that can ignite easily. 

¶ NH3: This carrier consists of a technology that is cheap and can be easily stored. With more than 

100 years of experience working with ammonia, this technology is well established and regulated. 

Ammonia can be stored in its liquid state at -33.4 degrees Celsius at 1 bar pressure, lowering the 

CAPEX and OPEX of the process management.  

¶ LOHC: Liquid Organic Hydrogen Carrier is an easy and safe way of transporting hydrogen. This 

transport consists of a two-step process based in hydrogenation of an organic molecule into LOHC 

and then once delivered dehydrogenating the molecule back into its original state, extracting the 

pure hydrogen. Even though it consists of a two-step process, that will increase the costs, LOHC 

is liquid at ambient condition and have similar properties as the crude oil. This means a much 

cheaper transport and that can use existing infrastructure from the oil industry, being a cheaper 

and safer way of transporting hydrogen.  

 

A comparison of the technologies will be presented in the following chart. 

 LOHC LH2 CH2 NH3 

1 Ton of H2 18 m3 14 m3 12 m3 10 m3 

Transport 
Maturity  

Development Early Stage Development Mature 

H2 Extraction Good Efficiency Excellent 
Efficiency 

Excellent 
Efficiency 

Excellent 
Efficiency 

Toxicity Non Low Low High 

Safety High Medium Low High 
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GLOBAL HYDROGEN SITUATION 
Hydrogen is a subject that has been studied for more than twenty years. Today it has caught attention of 

many people, mainly driven by the energy transition and the need of decarbonization. In this part of the 

debrief we will analyze what is the situation of hydrogen up to date (2020). 

Production  
Recent studies, done by DNV-GL, show a global production of 70 million tons per year of hydrogen gas. 

When analyzing the production chart, done by the author of the debrief, we can see that 96% of the global 

production of hydrogen comes from fossil fuels and only 4% from renewables. This can be because of 

technology costs, because of the use of existing infrastructure and because it is the technology that has 

been used by the major oil companies to produce a cheap hydrogen for their petrochemical processes. 

 

Hydrogen Global Production by Feedstock 4 

If the costs of renewable energy decrease, the share of green hydrogen, produced by renewables 

energy, will increase and with policies that promote the use of hydrogen, the amount produced will also 

increase. We can see that the use of coal is less than oil and gas for hydrogen production, mainly 

because of decarbonization policies and the efficiency of the steam reforming technology, which is 

higher than the gasification of coal. Oil and gas lead the share of feedstock for hydrogen production. In 

the transition to a cleaner and more sustainable production process CCS, carbon capture and storage, 

can be applied in order to reduce the amount of emissions in the production process. The top producers 

of hydrogen are the United States, South Korea, Japan, Kuwait and Germany. 

48%

30%

18%

4%

Natural Gas Oil Coal Renewable
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Demand 
In this section we will use the demand provided by the International Energy Agency, with a forecast 

done with a 98% trust analysis. 

 

Hydrogen Demand 5 

As shoed in the chart we can see that approximately 90% of the demand of hydrogen up to 2018 was for 

refining and ammƻƴƛŀ ǇǊƻŘǳŎǘƛƻƴΦ ¢ƘŜ мл҈ ǘƘŀǘ ƛǎ ǳƴŘŜǊ ǘƘŜ ƭŀōŜƭ ƻŦ άƻǘƘŜǊέ ƛǎ ǳǎŜŘ ŦƻǊ ǘƘŜ ŦƻƻŘ 

industry, fuel cells and the other applications discussed on the past sections of the debrief. With this 

information a forecast was done, and we can expect an increase on the demand of hydrogen. Analyzing 

the curve, the slope decreases on 2028, this can be due to all the investments done on hydrogen and 

ŎƻƳǇŀƴƛŜǎ ǿŀƛǘƛƴƎ ǘƻ ǎŜŜ ǘƘŜ ƳŀǊƪŜǘΩǎ ǊŜŀŎǘƛƻƴΦ ¢ƘŜ ƛƴŎǊŜŀǎŜ ƻŦ ƘȅŘǊƻƎŜƴ ŘŜƳŀƴŘ Ŏŀƴ ōŜ ŦƛǊǎǘƭȅ 

because of the increase of the ammonia demand for fertilizer and because of the incentives by 

policymakers and governments promoting the use of green hydrogen as an energy carrier to 

decarbonize the energy mix and industrial sector. Another variable to see in the chart is that the 

hydrogen demand shows ŀƴ ǳǇǘǊŜƴŘ ǎƛƴŎŜ мфулΩǎ with a 3% yearly increase up to date, with the forecast 

we can expect this increase to be of 7% yearly in the next decade. 

Prices 
In this part we will discuss the prices of hydrogen, which have a widespread depending on the 

production technology, efficiency and feedstock. The data used for the chart presented was provided by 

the International Energy Agency.  
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Hydrogen Price by Feedstock 6 

The bigger spread on the price is with renewables, this is because it depends a lot on the resource used 

(mini hydro, geothermal, solar or wind), the energy mix of the country and its price, if the electrolyzer is 

connected to the grid or directly to the power source. But the main reason of the spread in the costs is 

becausŜ ƻŦ ǘƘŜ ǊŜƴŜǿŀōƭŜΩǎ ǇǊƛŎŜǎΣ ƛŦ Ŏƻǎǘǎ ƪŜŜǇ ƻƴ ŘŜŎǊŜŀǎƛƴƎΣ ƎǊŜŜƴ ƘȅŘǊƻƎŜƴǎ Ŏƻǎǘ ǿƛƭƭ ŘŜŎǊŜŀǎŜ ŀǎ 

well. The costs of natural gas and coal are similar, but these tend to increase by a factor of 0.5 approx. 

when implementing carbon capture, which increases the CAPEX of the technology. This chart relates 

with the chart number 4 of the global share of hydrogen production. Understanding the costs will help 

explain why most of hydrogens production comes from fossil feedstock.  

Below we present a chart, made by the International Energy Agency, where we can see the price 

composition by technology, stipulating CAPEX, OPEX, efficiency and other parameters. They are all 

presented with todays costs, a forecast with a BAU, business as usual, market for 2030 and a Long-Term 

strategy for 2050.  

With those prices and variables detailed below we obtain a medium price for hydrogen of: 

Technology Medium price 

Renewable 6 USD/KgH2 

Natural gas 2 USD/KgH2 

Nat with CCUS 3 USD/KgH2 

Coal 1.5 USD/KgH2 
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Hydrogen Price by IEA 7 

In the table above we can see that for all the other methods of production that aren´t based on 

renewable energy we also stipulate the emission factor associated with that technology. 

Below we present another table of the International Energy Agency, which was used for this debrief 

where we see the variables considered when calculating the ammonia costs. 
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Ammonia Costs by IEA 8 

CƻǊ ŀƳƳƻƴƛŀ ƛǘΩǎ ǘƘŜ ǎŀƳŜ ŎŀǎŜ ŀǎ ǿƛǘƘ ƘȅŘǊƻƎŜƴΣ ǿŜ ƘŀǾŜ ǘƘŜ ŜƳƛǎǎƛƻƴǎ ŦŀŎǘƻǊ ōȅ ǘŜŎƘƴƻƭƻgy and the 

price today (2020), the expected for 2030 and the forecast for long term being 2050. 

Hydrogen and Ammonia Imports 
We can´t talk about the global situation without considering what is going on with the imports of 

hydrogen and ammonia globally. The information used for this section was provided by OEC World. Both 

ammonia and hydrogen imports represent an 18 Billion USD/year industry. When looking at the charts 

below on Image 9 and 10, we can see that more than half of the ammonia imports are for Europe and 

Asia, being a 35% of the share for Europe and 34% for Asia. On the other hand, when looking at the 

chart number 10, we can see that for hydrogen is a totally different scenario. Where almost half of the 

imports are for Asia, being of 46% and then Europe for a 29% of the imports share.  
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Ammonia Imports By continent 2017 by OEC 9 

 

Hydrogen Import by Country 2017 by OEC 10 

Once we analyze these charts we can get to the following conclusions: Almost half of the global imports 

of hydrogen are for Asia and in the case of Ammonia, Asia and Europe lead the imports market. When 

studying the numbers provided by OEC, we could design the table of the top 4 leaders and importers of 

ammonia and hydrogen. When looking at the table presented below, we can see the potential market 

and countries for developing a hydrogen and ammonia business models. These four countries are 

responsible for 47.7% of the hydrogen imports, which represent 5.588 BUSD per year and 25.4% of the 

ammonia market imports which represent a total of 1.25 BUSD per year. 
























