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Abstract: The EU's energy and climate change concerns have materialized in the last years 

in launching 2020-2030 strategic initiatives. The Plan Up project seeks to monitor this area. 

Each EU member must implement its own plan (NECP) structured on 5 main dimensions: 

energy security, decarbonization, energy efficiency, internal energy market, 

research-innovation-competitiveness. Romania is committed to reducing CO2 emissions by 

over 43%, to increasing energy efficiency by over 37% and to promote renewable energy to 

reach approx. 28% of the portfolio (97% for the rail transport sector). The impact of 

COVID-19 must be immediately included in the NECP and seen as an opportunity and the 

NECP, adapted accordingly. The paper presents this Project and the potential Romanian 

contribution in the Transport Sector, a sector currently in a massive reorientation (electric 

cars, encouraging public transport, anti-Diesel offensive, etc.) and the most severely 

affected by COVID-19. The vast Romanian experience in the use of dimethyl-ether (DME) as 

an ecological substitute for diesel is presented, which would dramatically reduce the need 

for investments in the conversion of the current fleet of diesel vehicles. DME is also as a 

C3-C4 fraction substitute (CFC), in sprays, refrigerant agent in refrigerators, etc. Examples 

of applications of the proposed solution are given (USA, Scandinavia). 

The advantages of DME would be that it can be synthesized from renewable sources 

(municipal, agricultural waste), thus adding value to waste and improving the energy 

resources balance of Romania and the EU. The paper also seeks an objective critique of the 

(not so-)miracle solution of electromobility. 

1. COVID-19 and recovery drivers 

At the end of 2020 the figures related to the Covid-19 pandemia were (Covid-19 

Statistics, 2020): 

- 85 million infected at global level (632263 in Romania); 

- 48.5 million recovered (560763 in Romania); 

- 1.82 million deaths (15767 in Romania); 

As for the COVID-19 related economic factors, analyses show that (IMF, 2020) the 

pandemia strikes the poor more than the rich countries while estimated costs associated 

to the pandemia vary from 21 Trillion US$ (for 2020-2021) to 28 Trillion US$ 

(consolidated for the period 2020-2025.  

For Romania the 2021 rebound will probably be 3.5% in 2021 and 4.1% in 2022, after a 

contraction of 5% in 2020 (AGERPRES, 2021). Apart of the costs supported from internal 

resources, Romania will have at hand €79.9 billion from EU sources by 2027 (€49.5 billion 
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from the EU 2021–27 budget, €30.4 billion in the mainframe of EU recovery plan of which 

€13.7 billion in grants) (World Bank, 2021). 

Managing these funds must take into account important obligations that Romania must 

honour, as an EU-country, primarily the 2020-2030 strategy related to energy and 

climate changes (Directive COM (2016) 759). Authors of the present paper are directly 

involved in the PlanUp Project (Plan-Up, 2020) that monitor EU countries progress along 

the above-mentioned strategy. The strategy and the Romanian associated documents 

(PNIESC, 2020) are structured on several perspectives: 

1. decarbonization 

2. energy security 

3. energy efficiency 

4. domestic market for energy 

5. Research, development, innovation competitivity. 

The progress toward sustainability, reducing anthropic impact on environment and 

climate while still preserving a robust development and meeting the energy requirements 

are as important as fighting the pandemia and preserving public health.  

The paper tries to analyse in detail one of the most affected sector of the Romanian 

economy by the COVID-19 pandemia, suggesting actions that may also ensure the 

progress toward sustainability. 

2. The transportation sector during pandemia  

The most affected sectors of the Romanian economic and social environment are 

depicted in Figure 1. 

Beyond the figure describing the contraction of the Romanian transportation sector in 

2020 stands a multitude of factors that directly affect the social life: 

- personal and organizational direct contacts are limited and even interdicted during 

COVID-19 lockdown periods; 

- employees cannot get to their work and back home; 

- globalization takes a break but the associated costs impact directly the economy 

of all countries, productivity, revenues; 

- public transport enables inter-personal contacts but that transforms the 

transportation sector in a vector that spreads the COVID-19; 

- - social unrest is a direct consequence of the measures taken to prevent spreading 

of the COVID-19 pandemia. Not only this, but obvious actions that could help 

economic recovery or reducing deficits (increased austerity, new taxes and 

contributions) are unthinkable because of the risk of social revolts; new strategic 

approach is needed (OECD, 2020) that should include increased public spending, 

support for the most affected economic sectors and social categories, reduced 

taxes; 

- - rigid financial performance targets must be abandoned (e.g., EU imposed upper 

limit for public debt to 60%) and a more flexible mainframe put in operation for at 

least 2 year period, once the pandemia is stopped; 

- - unexpected yet beneficial consequences of the shrinking of the transportation 
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services (reduced environmental pollution, dramatic decrease in the number of 

vehicle accidents and fatalities) comes together with increase in unemployment, 

reduced access to services, psychological stress induced by lockdown and absence 

of direct human contacts 

- - the above remark poses a major ethical problem: should business and 

globalization be measured with the number of car fatalities and GHG emissions by 

vehicles? Should we simply lock down economic activities in order to reduce 

deaths and pollution? 

 

Figure 1. How various economic sectors are affected by COVD-19 (Romania). 

3. Sustainable options for transportation 

A shortlist of options that could help the transportation sector to rebound in the years 

to come, in a sustainable manner, follows: 

1. work from home. this option has already been implemented and with good 

results (reduced needs for transport services, including the public transport, 

reduced enterprise costs with utilities, social services, etc.). The option is limited to 

employees having activities that can be carried out from home; 

2. intelligent transportation (ITS, 2010) includes optimization of vehicle types for a 

given operation, their dimensions and trajectories, restructuring the transportation 

sector by recurring to less energy intensive and pollution generation alternatives, 

infrastructure upgrading. In this direction, the Romania must meet at least the 

targets adopted at EU level: 

a. 30% of road freight transport over distances of more than 300 km should be 

transferred by 2030 to other modes of transport, such as railway or inland 

waterway transport 

b. this percentage should exceed 50% by 2050 (by 2050, most 

medium-distance passenger transport should take place by rail) 

c. Completion, by 2050, of a European high-speed rail network.  
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3. electromobility 

4. innovative alternatives (mainly from renewables) for fuels like Diesel oil (a major 

pollutant) 

Options 3, 4 will be detailed in the subsequent paragraphs. 

Electromobility. The authors believe that any option for a sustainable 

transportation should be thoroughly analyzed before implementation and the costs and 

impact of each option determined as objectively as possible. For a large-scale 

implementation of the electric transportation in Romania the following factors should be 

kept in mind: 

- public transport and rail transport already operates electric vehicles and the 

experience in the field should be used to increase the share of electric transport in 

these areas; 

- as for passenger cars and trucks, large infrastructure for battery re-charging stations 

must be put in place. A first step in this direction is the attraction of private funds and 

initiatives; 

- by simply replacing gasoline-based vehicles with electrical ones does not solve the 

problem of pollution but remove it at the power stations, currently important 

polluters in Romania (especially those operated on oil, coal, gas). A life cycle analysis 

(Table 1) compares various fuels and electricity for vehicles, based on current typical 

energy sector performance in Romania). Pollution factors increase during years in 

which the coal share for power production is larger; 

- a huge increase in power production must be in place until 2030 to cover the needs for 

electricity of vehicles. Investment should be directed only toward sustainable sources 

of power generation (hydro, nuclear, wind, solar); 

- Government subsidies add extra costs to the implementation of electrical vehicles in 

Romania and these costs should be analysed in the mainframe of costs incurred by 

the pandemia mitigation; 

- For a short, medium-term solution, LPG operated vehicles and gas operated power 

plants may reduce the pollution and increase performance of the energy and 

environment sectors. 

Table 1. Life Cycle Analysis. Typical values for Romanian vehicles using various fuels. 

Fuel 
Energy consumed, 

kJ/km 

GHG emitted (CO2 

equiv – g/km) 

PM2.5, PM10 

emitted, g/km 

Gasoline 2500 280 0.018 

Diesel 2550 220 0.03 

LPG 2450 205 0.008 

Biodiesel 2600 130 0.035 

Electric 3600 145 0.07 

As a conclusion, it seems that the electromobility is not a miracle solution and the 

costs associated to its implementation for cars and trucks are huge. 
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Alternative fuels. Probably the most urgent action required in order to mitigate 

environmental impact of the transportation sector is the conversion of the Diesel oil 

vehicles (cars, trucks, locomotives, ships) to more environmentally friendly alternatives. 

The electromobility alternative, discussed above is feasible but, keeping associated costs 

in mind, it is rather a medium to long-term than an immediate option. The sector needs 

a solution that is at hand, inexpensive, trusted, environmentally acceptable.  

This paragraph presents the dimethyl ether (DME) as a Diesel alternative. Romanian 

expertise in the field dates since the early 1980s and includes the synthesis and use of 

DME not only in the transportation sector but also in industry (in welding operation) in 

replacing CFC in refrigeration units, as a propellant in sprays, etc. DME can be obtained 

from any source of carbon (agricultural, industrial, municipal wastes) via gasification and 

chemical conversion. The chemistry of the processes is summarized below. 

DME from methanol: 

2 CH3OH ↔ CH3OCH3 + H2O 

Reaction conditions: 

- temperaturi de 320-350oC 

- pressure near the atmospheric level 

- catalyst: alumina, zeolite (ZSM-5) 

Conversions reach the stoichiometric level and emissions are minimal (reaction water). 

The main disadvantage is that methanol needs a separate synthesis process. Even 

so, the methanol can be produced from syngas obtained from carbonaceous wastes, 

without need of fossil fuels). 

Single-step DME from syngas. Main rections are:: 

In-situ methanol from syngas 

CO + 2H2 ↔ CH3OH, reaction enthalpy: ∆Ho = –90.4 kJ/mol 

Water-gas shift reaction:  

CO + H2O ↔ CO2 + H2 ∆Ho = – 41.0 kJ/mol 

Dehydration of methanol: 

2CH3OH ↔ CH3OCH3 + H2O   ∆Ho = -23.0 kJ/mol 

Global chemical process:  

3CO + 3H2 ↔ CH3OCH3 + CO2  ∆Ho = -258.3 kJ/mol 

Gas-phase reactions are catalysed by bifunctional solids (Cu/Zn and Zeolites). 

Research in the field tries to sort out the disadvantages of carbon dioxide reconversion to 

methanol or DME – a process that could help to get rid of carbon dioxide emissions. These 

disadvantages are: 



PESD 2021, 15, 1 64 

- CO2 rich gases reduce the Cu/ZnO catalyst performances in the methanol 

synthesis step; 

- CO2 affects the equilibrium of the water-gas shift reaction by producing extra CO 

and water so the methanol dehydration is directly influenced. 

A comparison between DME and Diesel, as fuels is illustrated in Table 2. 

Table 2 DME vs Diesel 

Parameter UM DME Diesel fuel (typical values) 

Molar mass kg/kmol 46 170 

Carbon % mass 52.2 86 

Hydrogen % mass 13 14 

Oxygen % mass 34.8 0 

Density kg/m3 667 (liquefied) 831 

Evaporation enthalpy kJ/kg 467.13 300 

Cetane number  >55 40-50 

Ignition interval %vol în aer 3.4 / 18.6 0.6 / 6.5 

Autoignition 

temperature 
K 508 523 

Stoichiometric ratio air/fuel (mass) 9.0 14.6 

Boiling point K at 1 bar 248.1 450–643 

Lower caloric power MJ/kg 27.6 42.5 

Waste to methanol/DME installations are to be commissioned or in operation in many 

places (Teodorescu et al, 2018): 

- Piteå (Suedia), commissioned in 2010. The syngas is obtained from pulp and paper 

waste. No fossil fuel implied in the process; 

- In the Netherlands municipal wastes are to be valued to methanol; 

- US Department of Energy intend to value lignocellulosic waste (again – no fossil 

fuel) in a 2000 ton/day facility and produce methanol / DME. Research is based on 

a solid economic analysis and the process looks sustainable and environmentally 

friendly while sorting out a problem that, unfortunately has not other solution than 

gasification.  

- New-York currently tests Volvo trucks operating on DME. 

The prospects for DME as a fuel substitute for cars, locomotives and ships are 

encouraging, given that in the EU the use of Diesel engines will be banned in the coming 

decades (from 2020 to 2040 at the latest, but in some countries the deadline is much 

closer). Diesel transport fleets need to be replaced and the costs are enormous even 

without the extra pressures from pandemia over budgets. However, whether DME is 

accepted as Diesel substitute only minor changes are necessary for the engines that now 

use Diesel. Probably the main cost relates to the installation of pressure fuel tanks for 

DME, like, in principle, those that now contain liquefied petroleum gas. 
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The following are the main advantages and disadvantages of using DME instead of Diesel 

and CFCs. 

Advantages: 

a. DME high oxygen content (this parameter and the absence of C-C bonds in the DME 

molecule make this fuel burn virtually smoke-free and without generating solid 

particles in internal combustion engines); 

b. Low boiling point. This property has made DME suitable also as a propellant in 

sprays but it is nevertheless beneficial in engines, where evaporation is very fast 

after injection; 

c. Higher cetane number than Diesel. 

d. Reduced pollution: less particulate matter, NOx and noise generated in engines on 

DME; 

e. CO2 emissions are comparable for DME and Diesel but if DME is obtained from 

renewable sources, the environmental performance of DME is much improved 

because the carbon contained in DME is benign as it does not come from fossil 

sources; 

f. Used as a propellant and in refrigerators, DME has properties similar to freons but, 

in case of leakage into the atmosphere, DME is not aggressive to the ozone layer; 

g. If Diesel engines require an injector pressure of 50–150 MPa, DME requires only 

20–30 MPa; 

h. A comparison of DME with other fuels in terms of a Sustainability Process Index 

(Krotscheck and Narodoslawsky, 1996) is clearly in favor of DME produced from 

renewable sources (e.g., biomass / waste to methanol and then to DME). The SPI 

index for Diesel is larger than 200 and the one for methanol and DME from biomass, 

about 40.  

Disadvantages: 

a. Lower caloric value than Diesel (caused by the presence of oxygen in the DME 

molecule). The volumes of DME injected into the engines and the duration of the 

injection operation must be comparatively higher than those for Diesel; 

b. DME low viscosity. Leaks may occur in the gaskets of the supply and distribution 

systems; 

c. DME insignificant lubricating properties that can cause rapid wear of the surfaces 

with which DME comes in contact, especially injection systems; 

Some of the changes that need to be made to engines currently running on Diesel are 

listed below: 

a. The DME supply and distribution system must be closed, watertight, because DME 

is gaseous at atmospheric pressure, temperature; 

b. The pressures in the supply system must be 1.2 - 3 MPa to avoid the cavity to 

which the lower vapor pressure of the DME predisposes; 
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c. Ensuring connections and seals cannot be done with elastomer gaskets (attacked 

by DME), requiring additional precautions, the use of Teflon gaskets, etc .; 

d. The lubricating characteristics of DME can be improved by adding lubricants in 

very small amounts (100-2000 ppm). 

It is estimated that decades of experience in operating methanol engines (e.g., for 

racing cars) is of great value in solving the problems of using DME. 

The experience gained by Romanian researchers in the synthesis and use of DME is 

materialized in the detailed analysis of a large number of reaction parameters but also 

prolonged tests of DME use: 

- As a propellant for cosmetic and medicinal sprays; 

- Refrigerant agent (CFC substitute) on refrigerators manufactured in Gaesti; 

Vehicle fuel (a Dacia-1300 Romanian car was operated on DME for more than 100 

000 km) 

4. Conclusions 

The current COVID-19 pandemia is not only a burden for the human society and a 

real risk for public health. it can be also a challenge and an opportunity to rethink major 

actions leading to a more resilient and sustainable social life. 

A critical analysis of potential options for the future development of the Romanian 

transportation sector was made and the importance of an integrated, multi-disciplinary 

approach (using Life Cycle Analysis) to these options was underlined. 

In order to reduce the economic impact of the pandemia and to take the most 

benefits out of the financial resources during the recovery period, while still keeping a 

resolute direction for the future of energy and climate, such analysis must be carried out 

whenever alternative options are weighed and decision making is needed. 
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