

To the Technical Manager of The London Taxi Cooperation Limited, (LEVC), 
This document is a technical report proposing new technology to the TX4 diesel engines and further developments of the TX5 electric taxi, all which can be politically and economically viable in 2025. 
The first proposal is a new technology for diesel engines. 
From January 2018, new licensing requirements have been introduced by phasing out diesel taxis and increasing the Zero-Emissions-Vehicles (TFL, Cleaner greener taxis, n.d.) NOx pollutants are collectively estimated to cause around 9,400 equivalent deaths every year in Greater London and impose an economic cost between £1.4bn and £3.7bn a year. (TFL, Ultra Low Emission Zone, n.d.) This means more than 80% of central London is expected to meet the nitrogen dioxide (NO2) annual legal limits in 2020.
The TX4 was released in 2007 up until 2017. There is a 15-year age limit for diesel black cab taxi’s in Central London (TFL, 2015) for the Ultra-Low Emissions Zone. By 2025 diesel taxi’s will still be used around London. The new electric taxi costs £55,559 that is including the grant issued to existing diesel taxi drivers (theelectrictaxi, 2017). It can be seen hard for the drivers to earn they’re money and pay the amount asked for, therefore employee’s will still be using diesel engines. The Mayor of London as allocated an additional £42 million (TFL, Cleaner greener taxis, n.d.) to the taxi delicensing scheme; however, this money can be used to salvage the existing technologies, at least for a short-term solution for current vehicles in use. Figure 2 Electric Taxi Cost (LEVC) (theelectrictaxi, 2017)

March 2018 an article was published in the Auto Car magazine, Professor Graham Hargrave from Loughborough University has been testing a new technology for diesel engines, Ammonia Creation and Conversion Technology, (ACCT). 
The ACCT that is under testing, major car companies have approached the University, to save the diesel market in the automotive industry. It can be used in industry within the next two years with the right support  (Cropley, 2018). Since Zhejiang Geely, the ownership of LEVC, has salvaged many companies such as Lotus and Volvo and even the London Black Cabs from liquidation, it could be possible that the current TX4 diesels can still be used. 
The ACCT is considered as a simple technology but affective. In an exhaust mounted chamber, the AdBlue, urea based after-treatment, is converted into a special ammonia-rich ACCT fluid under accurately controlled conditions (Cropley, 2018). Like current Selective Catalytic Reduction, SCR systems, it then uses the freed ammonia, to split the NOx atoms apart, leaving only nitrogen and water. 

The system has already been tested on a start-stop city-based Skoda Taxi, the test proved that ACCT can capture 98% of exhaust-borne NOx, compared with 60% for the same car running a conventional Euro 6 system. The TX4, a Euro 4 compliant engine, can produce 0.18 g/km of NOx (dieselnet, n.d.) the ACCT can reduce the emissions, using an assumption of capturing 98% of exhaust NOx, the TX4 will now produce, 0.0036g/km using the ACCT. Figure 3 ACCT Ammonia Delivery (LoughboroughUniversity, 2017)

Diesels major fall back is that they’re more efficient at higher temperatures, using a taxi in urban type driving doesn’t bode well with NOx emittance. Using AdBlue and the ACCT, enables cold-start conditions during low temperatures and start/stop type driving. The technology can be scaled for any engine size and easily integrates into existing SCR systems, its anticipated that on-engine testing can be completed in a year (LoughboroughUniversity, 2017).  
For the decomposition of the AdBlue technology, rapid ammonia is common, the decomposition is partly complete before the catalyst, adding ACCT, the ammonia decomposition is complete before the catalyst. Hence, there is no build up of residue, allowing the control system to react more quickly (LoughboroughUniversity, 2017). 
The second proposal is further research into hydrogen fuel cells for the new electric taxi.  Figure 4 Hybrid and Fuel Cell Taxi (Jackson, 2011)

Hydrogen fuel cell electric vehicles uses hydrogen to produce electricity, by a reaction between Hydrogen and Oxygen.  Resulting to power at the wheels, with a range of 300 miles (TFL, Electric vehicles & rapid charging). Hydrogen Fuel Cells have already been used once before for black cabs during the 2012 Olympics for VIPS (Jackson, 2011). The process has been stated to be as efficient as the combustion of IsoOctane due to the high density of Hydrogen. 

With already 8000 miles of testing, from Lotus Engineering, it includes the fuel cell and battery powered hybrid, using the energy created to power the wheels. Entailing 250mile driving range and rapid refuelling taking approximately 3 minutes. Hydrogen fuelling stations are needed, 8 have already been installed since the 2012 Olympics and London would need 28-34 if all London taxis converted to hydrogen fuel cell operation (Jackson, 2011) On the M25 in particular, 0.7kg of Hydrogen costs £7 in 2017, with growing research it is estimated that over 1000 pumps will be added in the UK by 2030. 



An advantage of hydrogen is that it can produced on site rather than being transported like fuel or supplied through a grid like electricity (Saarinen, 2018). 
With UBER being hit with penalty charges using older diesel cars in London, they are now looking into electric vehicles. For UBER their selling point is a quick and easy taxi, the selling point for LEVC, is the Safe Black Cab. With a unique criterion that the LEVC must meet it generates a problem with expanding developments. As an example, UBER can use manufacturers such as, Toyota Prius Hybrid, whereas LEVC is limited in the number of manufacturers to use. UBER is also banning diesels from 2020 in the capital. UBER’S future aim is to have every car using the UBER app in London to be electric by 2025. Due to the wide manufacturer choice, this is easier to achieve than 1 manufacturer (UBER, 2017).Figure 5 Hydrogen Fuel Cell Station (IntelligentEnergy, n.d.)

Overall, the UK does not have the infrastructure to have an all-electric powered country. An example of this can be after work, most of the public will want to charge their vehicles. If all were charging at the same time, the grid will experience a lot of power loss and a huge spike in CO2 emissions from charging. As well as this, a lot houses in the UK do not have off street parking or living in flats, therefore there can be inequality throughout the public. Lithium ion battery production for EV’s is very energy-intensive also. A 100kWh battery will give a potential of 250 miles, in order to produce such battery, it will take around 20 tonnes of CO2. If a typical battery lasts for 150,000 miles, this equates to approx. 83g/km of CO2. When charging over this same distance, the car can deliver 124g/km of CO2 in its life time. Therefore, the CO2 problem will just be implemented elsewhere. (Saarinen, 2018). 
The route in which a capital city can go is in-direct drive with manufactures like LEVC proving reliable and environmental friendly transport. The authors opinion is to have dedicated engineers work with the technology that is available today to overcome problems involving combustion engines, before channelling electric due to the massive disruption it will cause to the country and infrastructure. 
(More information surrounding topics and further discussion is available in the Appendices)

Appendices

2021 Target
All new cars will need to be 95grams of CO2 per Km. A fuel consumption of around 4.1l/100km of petrol or 3.6l/100km of diesel. There 2015 and 2021 targets show 18% and 40% respectively compared with the 2007 fleet average of 158.7g/km (ec.europa.eu, n.d.)
TFL Data 
The taxi fleet contributes to 16% of the road transport NOx. 
Below are the requirements put into place for the ULEZ being put into place in London in 2018.
The Ultra Low Emission Zone emission standards will operate 24 hours a day, seven days a week within the Congestion Charging zone, a daily charge will be given to drivers that don’t comply. (TFL, Mayor and TfL finalise ULEZ requirements for taxi and minicab trades, 2015)
1. emit ≤50g/km CO2 exhaust emissions (at tailpipe) and be capable of being operated with zero exhaust emissions for a minimum range of 10 miles, or;
2.  emit ≤75g/km CO2 exhaust emissions (at tailpipe) and be capable of zero emission operation for a minimum range of 20 miles.
A ZEC taxi is a pure electric or hybrid vehicle that is Euro 6 (minimum) and capable of running in zero emission (at tailpipe) mode for all or part of the time (maximum 50g/km CO2 and minimum zero-emission range of 30 miles). If the taxi has an internal combustion engine as part of a hybrid system, then it must be a petrol engine
All new cars and taxis sold from 1 September 2015 will meet Euro 6, with some sold up to a year earlier also meeting the standard.  (TFL, Mayor and TfL finalise ULEZ requirements for taxi and minicab trades, 2015)
From making the decision of concentrating on current technologies, the Mayor’s phase of the ULEZ was brought forward by 17months. If companies are not up to date or keeping to standards it can cost the manufacturers thousands of pounds of charges, as the scheme is not keeping to the original enforcement date. 
From 8th April 2019, the Mayor is introducing the second phase of his plans - ULEZ, 17 months earlier than planned. It will replace the T-Charge and cover the same central area, alongside and on top of the congestion charge, but it will operate 24 hours a day, seven days a week, 365 days a year. The daily charge for non-compliant vehicles will increase from £10 to £12.50 (for cars, vans and motorbikes) and £100 (for buses, coaches and lorries). Diesel vehicles that do not meet the Euro 6 standard and most petrol vehicles that do not meet the Euro 4 standard will have to act or pay, making the ULEZ the tightest emission standard adopted in any major world city. (TFL, GLA - Ultra-Low Emission Zone will start in 2019, 2017)



AdBlue Technology 
This section is background information of the AdBlue technology for understanding of the new ACCT.
AdBlue is made from a mixture of purity urea (32.5%) and deionized water (67.5%). It is an essential component of SCR technology. AdBlue is injected into the SCR catalyst to convert the NOx into a less harmful mixture of nitrogen and water vapour. It has its own tank, sperate from the diesel. The urea present in the SCR becomes ammonia when heated, reacting with the NOx emissions. The original harmful products are now elements that are natural to the air we breathe, nitrogen, water and a small amount of carbon dioxide. With the use of the ACCT at low exhaust temperatures then these products will be emitted in different ranges of the drive cycle, especially to meet the WLTP being introduced (Rix, 2016). Appendix Figure  1 AdBlue Diagram (Rix, 2016)


Hydrogen Fuel Cells
This section is further research into hydrogen fuel cells. 
Hydrogen Landscape 
Hydrogen for transportation offers significant decarbonisation benefits, the production of hydrogen from natural gas reforming and the use of it in fuel cell vehicles has the potential to save as much greenhouse gas emissions as it is substituting coal by natural gas power generation. 
Hydrogen is currently supplied by existing refineries and industrial gas suppliers worldwide, which already have high volume hydrogen producers, it can also be produced from renewable electricity using proven grid-scale electrolysis (IntelligentEnergy, n.d.). 
Compared to petroleum and natural gas fuels, hydrogen has two key properties that can provide safety benefits in its utilisation: 
Dispersal 
Hydrogen rapidly disperses into atmospheric upon release, diluting to non-flammable concentrations. Ventilation is a key design criterion in fuel cell electric vehicles to ensure the unrestricted dispersal of any released gas (IntelligentEnergy, n.d.). 
Low Radiant Flame Heat 
The flame burns with low levels of radiated hear near the flame, compared to hydrocarbon flame, which reduced the risk of secondary fire. Tests performed on automotive hydrogen fuel tanks simulating the ignition of a hydrogen leak burned for less than two minutes with no damage to the interior of the vehicle, and this is because of the low radiant heat of the flame (IntelligentEnergy, n.d.). 
Hydrogen Filling Station 
To support fuel cell electric vehicle introduction, filling stations have opened globally to serve the early adopters of this new technology. (IntelligentEnergy, n.d.)
Developing a full hydrogen infrastructure, with which the gas is produced and then taken to stations, it can cost the government billions of pounds and years to develop, therefore exceeding the 2025 margin (Vaughan, 2017).
Hydrogen doesn’t occur naturally, it is extracted, then compressed in fuel tanks. Then mixes with oxygen in a fuel cell stack to create electricity to cars motors. There can be efficiency losses in this process compared to a battery pack where the electricity goes straight to the wheels.

Carbon Emittance of Charging Appendix Figure  2 (Shades of Green: Electric Cars’ Carbon Emissions Around the Globe, 2016)














These figures are showing the influence of electric cars vs petrol cars on CO2 emissions.  Even though the vehicle’s CO2 emissions have decreased, the manufacturing CO2 has increased. This relates to the statement in the conclusion when the CO2 problem will be implemented elsewhere. An electric vehicle produces 70g CO2 e/km and 40g CO2 e/km when manufactured. This is an extra 30g of CO2 being emitted into the atmosphere. As electricity is moving to low carbon sources, this becomes more relevant (Shades of Green: Electric Cars’ Carbon Emissions Around the Globe, 2016). As the hydrogen fuel cells use hardly any coal to create by using the Lithium-Ion batteries it can become an equal juggle of battery CO2 emittance or fuel CO2 emittance. 
Calculations 
Mechanical Energy to get through NEDC 
All parameters have been taking from Parkers website from a 2006 TX4 onwards and assumed by calculating these values before on different types of vehicles.
The mechanical energy needed to get through the NEDC Drive Cycle = 4MJ. This is fixed for all vehicles, however for the TX4 taxi the requirements could be different. 
All calculations have been taken from lectures carried out this year by Malcolm McDonald. 
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Appendix Figure  3 Table of Data from Parkers and Ecoscore (EcoScore, 2018)



























Assumption of fuel efficiency = 40% Fuel Efficiency 




In a drive cycle, the TX4 will use 0.227kg. 
Density of diesel is 0.832 

The distance of the NEDC cycle is 11km 
So, 0.263 litres in in 11km 

Now in miles per gallon 



So, fuel consumption
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