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‘Infrastructures and Sustainability’

Against the backdrop of the European Green Deal and the subsequent 
‘Fit for 55’ Package, the basic infrastructures will have to become more 
sustainable over the course of their entire lifecycles, i.e., from design 
to building, maintenance, operations and eventual decommissioning. 
Digitalisation, of course, will have a key role to play in advancing 
this objective, for instance, by optimising capacity utilisation, thus 
reducing needs for physical infrastructure expansion.

While rendering infrastructures climate-proof will take different forms 
across the various network industries, all of them will have to confront 
a set of critical questions pertaining to regulatory policy, financing 
and taxation, among others. In view of this, the Florence School of 
Regulation’s first Sustainability Conference “Greening Infrastructures” 
(22 – 23 June 2022) tackled these questions in respect to energy and 
transport infrastructures.

This special issue of the NIQ further explores the topic of 
“Infrastructures and Sustainability” and features some of the best 
papers that were presented at the FSR Sustainability Conference. 

The first contribution by Astier, Rajagopal and Wolak discusses 
empirical evidence from France suggesting that distributed wind and 
solar units alone are unlikely to lead to substantial savings in future 
grid investments. 

Chu Donatus, Semassou, Ahouansou and Nsanyuy examine the 
sustainability of some installed renewable-based power systems in 
Cameroon and identify pull factors. They, furthermore, go on to make 
recommendations for the sector.

Cardinale and Emara find that Algeria has a potential cost advantage 
in transporting green hydrogen to Europe thanks to overcapacity in 
its existing gas infrastructure, which could be upgraded. By contrast, 
Egypt is more competitive in the generation of renewable power, a key 
input of green hydrogen, thanks to regulation that attracts investments.

Serafimova and Finger argue that if it is adequately designed and 
implemented the ReFuelEU Aviation Initiative could kick-start the 
European SAF market by fostering a reduction in SAF production 
costs with economies of scale and technological advances. But since 
SAFs alone cannot be considered a silver bullet their uptake will have 
to be accompanied by complementary and coherent efforts concerning 
other policy levers, such as carbon pricing, energy taxation and air 
traffic control, among others.
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Can Distributed Generation Reduce Future Grid Investments?1

Nicolas ASTIER2   Ram RAJAGOPAL3   Frank A. WOLAK4

Distributed generation units produce electricity directly on end-consumers’ premises and could therefore be more cost-efficient than utility-scale 
facilities if they were to allow significant savings on future grid investments. This article discusses empirical evidence from France suggesting that 
distributed wind and solar units alone are, however, unlikely to lead to substantial savings in future grid investments.

1234

Introduction

Increasing the share of electricity from wind and so-
lar resources and electrifying sectors that traditionally 

consume fossil fuels such as transport and space heating is 
the current consensus path to reduce global greenhouse gas 
emissions. These wind and solar resources may be deployed 
as large ‘utility-scale’ facilities connected to the high-volt-
age transmission network or as smaller but more numer-
ous ‘distributed’ units connected to a distribution network 
much closer to final consumers (Figure 1). Because the two 
approaches have different strengths and weaknesses, which 
is the most cost-efficient way to increase renewable elec-
tricity consumption is highly debated.

Figure 1: The difference between utility-scale and dis-
tributed generation (adapted from U.S. Department of 
Energy)

Utility-scale wind and solar generation units can benefit 
from economies of scale and can be located where there 

1 The views expressed in this paper are those of the authors and do not 
represent the position of any external organisation. To a large extent this 
article builds on a scientific article recently published in the Journal of the 
European Economic Association (see list of references).
2 Paris School of Economics, Ecole des Ponts, nicolas.astier@psemail.eu.
3 Department of Civil and Environmental Engineering, Stanford Universi-
ty, ramr@stanford.edu.
4 Program on Energy and Sustainable Development and Department of 
Economics, Stanford University, wolak@zia.stanford.edu.

are rich wind or solar resources. As a result, the levelised 
cost of energy (LCOE) they produce is two to three times 
cheaper than distributed units (IRENA, 2021).

However, because distributed generation units are located 
closer to end-consumers, they can reduce electricity trans-
mission costs. These costs consist of energy losses and grid 
investments. Transmission and distribution (T&D) power 
losses represent less than 10% of the electricity produced 
in virtually all industrialised countries. Therefore, the po-
tential savings in energy losses are insufficient to close the 
gap between the LCOE of distributed versus utility-scale 
wind and solar generation. As a result, unless the savings 
on future T&D network investments are substantial, util-
ity-scale solar and wind generation units connected to the 
transmission network are the lowest cost sources of renew-
able electricity.5

The extent to which investments in distributed generation 
reduce the need for future T&D network investments is, 
however, very difficult to assess. Many consultant reports 
claim significant avoided costs associated with distributed 
solar photovoltaic (PV) investments. Because T&D net-
work costs typically comprise at least a third of electricity 
bills, the claimed savings could easily add up to billions of 
dollars annually for a country like the United States. How-
ever, other engineering studies reach less optimistic con-
clusions (Cohen and Callaway, 2016; Cohen et al., 2016).

Distributed Generation and the Energy Transition

In recent years, annual global investment in wind and 
solar electricity generation has reached about $300 billion. 
The magnitude of this annual investment is expected to 
increase in the future (IRENA, 2021). Distributed gen-
eration units account for about half of the investment in 

5 At least until the interconnection costs of utility-scale facilities become 
prohibitive and/or development of such installations faces significant con-
straints in terms of land availability.
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solar PV (in money terms), which is somewhat surprising 
because of their significantly higher LCOE in comparison 
with utility-scale installations. 

In practice, distributed generation usually benefits from 
greater policy support, for example through direct (e.g. 
higher feed-in-tariffs for small installations) or indirect 
(e.g. net metering) subsidies. Because both utility-scale 
and distributed renewable installations provide zero car-
bon electricity, distributed generation units must provide 
specific additional benefits on a life-cycle cost basis in or-
der to be preferred to utility-scale facilities.

The main additional benefit claimed by distributed gen-
eration advocates is the avoided cost of T&D network in-
vestments, which we now discuss.

Distributed Generation and the Electricity Grid

In virtually all electricity supply industries, most electric-
ity is supplied by utility-scale generation facilities that take 
advantage of economies of scale in production, transmit-
ting the energy produced at high voltage to local distribu-
tion grids, where it is transformed to a lower voltage and 
transferred to final consumers.

Starting in the early 2000s, however, many jurisdictions 
saw significant investments in smaller-scale generation 
units, which is generically referred to as ‘distributed gen-
eration.’ Due to their smaller size, these units tend to be 
located closer to final consumers and to be connected to 
distribution grids. Because they inject electricity directly 
at the distribution grid level, distributed generation units 
can reduce the magnitude of net withdrawals from distri-
bution networks. Distributed generation installations can 
therefore reduce both the need for transmission capacity 
to move energy from large-scale generation units to dis-
tribution networks, and the need for distribution network 
capacity to move the energy from the transmission grid to 
final consumers. 

In the early 2000s, distributed generation mostly con-
sisted of dispatchable thermal units such as back-up diesel 
generators. Studies assessing the T&D deferral potential of 
distributed generation therefore assumed that these units 
were available to produce energy whenever it is needed. By 
contrast, wind and PV output is intermittent. Research-
ers and utilities therefore have to estimate the extent to 
which these technologies produce electricity during hours 
of peak demand in the distribution grid. This assessment 
is in practice performed by engineering simulations. Such 

simulations are generally run for a handful of representa-
tive distribution networks, and the conclusion reached can 
be very sensitive to the assumptions made

Empirical evidence based purely on observed data over a 
large territory and a long period of time can therefore cast 
significant light on the long-held debate on the cost-effi-
ciency of distributed renewable generation relative to util-
ity-scale facilities.

Data

We gathered a comprehensive panel dataset for France to 
address our research question.

First, we observe hourly net withdrawals from over 2,000 
local distribution networks throughout France from 2005 
to 2018. Net withdrawals from a local distribution grid are 
the hourly positive or negative net flows of energy between 
the high voltage transmission network and the distribution 
network. Hence, the net withdrawal in a given hour equals 
gross consumption plus losses minus distributed genera-
tion for all the users connected to the given distribution 
network.

Second, we know how much distributed generation ca-
pacity is connected to each distribution network in each 
year. Distributed generation is broken down into five tech-
nologies: wind, solar, small hydro, renewable thermal and 
non-renewable thermal. During our fourteen-year sample, 
over 25 GW of distributed generation investments were 
made. The bulk of these investments were in wind and PV 
installations.

Empirical strategy

We use our dataset to estimate the impact of a marginal 
increase in the installed capacity of five types of distribut-
ed generation technologies (solar PV, wind, small hydro, 
dispatchable renewable thermal and dispatchable non-re-
newable thermal) on the different percentiles of the annual 
distribution of hourly net withdrawals from distribution 
networks. These percentiles map onto what is known in 
the electricity industry as the ‘net load duration curve.’ Be-
cause network planning rules typically rely on a reliability 
threshold to decide on the size of given grid components, 
in practice the net load duration curve is used to directly 
assess how much grid capacity is needed to meet a given 
reliability criterion. As an illustration, computation of dis-
tribution network tariffs in France, which builds on the 
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planning rules reported by utilities, makes use of the 71st 
percentile for medium-voltage grid components, and the 
94th percentile for low-voltage grid components (CRE, 
2020). Other countries may use different thresholds for 
distribution network planning and tariff setting. We there-
fore pay particular attention to the impact of distributed 
generation on the highest percentiles of the net load dura-
tion curve. 

We characterise the impact of distributed generation on 
the net load duration curve by means of a quantile impact 
function. This function captures the predicted impact of 
adding 1 MW of a given type of distributed generation ca-
pacity on individual quantiles in the annual distribution of 
hourly net withdrawals. For a given technology, the quan-
tile impact function maps each quantile index (from 0 to 
1) onto the predicted impact (in MW) of adding 1 MW 
of this technology to the corresponding quantile of the 
annual distribution of hourly net withdrawals. This effect 
can be interpreted as the predicted amount of electricity 
produced by a distributed unit of a given technology dur-
ing the hours corresponding to the given quantile index 
expressed as a percentage of nameplate capacity.

Main Results

Figure 2 show our main results in graphical form. We 
find substantially different quantile impact functions for 
the five distributed generation technologies. Two charac-
teristics of these functions are of particular interest: their 
value at the extreme quantiles and their slope. 

Figure 2: Graphical representation of the quantile impact 
functions for the distribution of hourly net withdrawals. 
Thick lines correspond to the point estimates. Sleeves de-
limit (two-sided) 95% confidence intervals from robust 
standard errors clustered at the substation level

First, the higher (in absolute value) the coefficients for 
the highest quantiles, the more the given technology is 
associated with a decrease in peak net withdrawals from 
distribution networks, and therefore the more likely it is to 
defer or avoid grid expansion. In France, national annual 
peak electricity consumption is reached during cold winter 
evenings. Consistently, PV is found to have no significant 
impact on the highest quantiles of the annual distribution 
of hourly net withdrawals. The impact of wind on the top 
quantiles is also very small even though, as is reported in 
RTE (2019), average wind generation is higher during the 
winter. The other technologies are found to have a sizable 
impact on peak hourly net withdrawals, with an average 
impact on the 99th quantile of at least 0.12 MW per MW 
of distributed generation. Conversely, large negative im-
pacts on the bottom quantiles are likely to result in reverse 
power flows as distributed generation capacities increase. 
The largest reverse power flows may ultimately reach levels 
comparable (in absolute value) to local peak consumption, 
potentially compromising any network capacity savings 
enabled by a decrease in the top quantiles of the distribu-
tion of hourly net withdrawals.

Second, whether the quantile impact function is upward 
or downward sloping is also of particular interest. Indeed, a 
monotonically decreasing quantile impact function means 
that the corresponding distributed generation technology 
tends to narrow the range of hourly net withdrawals from 
distribution networks and increase the utilisation rates of 
future grid assets. In contrast, a monotonically increasing 
quantile impact function means that the corresponding 
distributed generation technology tends to ‘stretch’ the dis-
tribution of hourly net withdrawals, that is, it expands the 
range of net withdrawals at substations. The subsequent 
decrease in the utilisation rates of grid assets seems in turn 
likely to be associated with higher long-term costs on a 
per-MWh basis. Figure 2 suggests that the quantile impact 
functions are monotonically increasing for all the technol-
ogies except non-renewable thermal (which consists, for 
example, of gas-fired combined heat and power units). 

Discussion

Ramps

We use a similar empirical approach to estimate the im-
pact of the different distributed generation technologies on 
the ramp duration curve faced by substations. We define 
hourly ramps as the difference between two consecutive 
hourly net load levels. If anything, we expect higher ramps 
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(in absolute value) to be associated with higher operating 
costs.

We find that a 1 MW increase in installed capacity of 
either wind or PV is on average associated with an increase 
of 0.14-0.15 MW in both the 1st and 99th quantiles of 
the distribution of hourly ramps. In other words, we find 
that investments in distributed wind and solar generation 
are associated with a significant increase in the variabil-
ity of net withdrawals from the distribution grid, which 
may require additional distribution network investment to 
maintain a reliable supply of energy to customers.

Battery storage

We also explore the extent to which battery storage may 
enhance the grid deferral benefits from distributed wind 
and solar generation. More precisely, we assume that for 
each kW of distributed wind or solar generation connected 
to a substation in a given year, a proportional amount of 
storage is also installed. We further assume that batteries 
are operated to shave peak net withdrawals (in absolute 
value) with perfect foresight over the upcoming week. We 
then simulate the operation of the batteries and re-estimate 
the marginal impact of distributed generation investments 
on the resulting load duration curve. Conceptually, this 
stylised exercise is consistent with a mandate requiring the 
installation of storage capacity along with intermittent re-
newables so that the installed capacity of storage grows in 
proportion to investments in renewable generation.

We find that high rates of distributed storage penetration, 
substantially higher than is occurring anywhere in Europe 
or the United States, would be needed to significantly de-
crease the highest percentiles of the load duration curve. At 
50% penetration (i.e. 0.5 kWh of battery storage installed 
for each kW of either distributed wind or solar generation), 
adding storage to distributed wind and solar investments 
barely increases the magnitude of their cumulative impact 
on the highest quantiles, and mildly attenuates their im-
pact on the lowest quantiles. By contrast, with a 500% 
penetration of battery storage, distributed wind and PV 
with storage are able to significantly decrease substation 
peak hourly net withdrawals and would thus prove helpful 
in deferring future grid expansions. 

Conclusion

Public policies supporting renewable electricity genera-
tion typically favour distributed units over utility-scale in-
stallations despite their significantly higher levelised cost of 

generating electricity. As a result of these policies, among 
other incentives, about half the annual 100+ billion glob-
al investments in PV electricity generation over the past 
decade were directed to distributed solar units rather than 
utility-scale installations. This work presents empirical ev-
idence suggesting that, at least in the case of France, po-
tential savings in future T&D network investments cannot 
rationalise favouring distributed wind and solar generation 
units over their utility-scale counterparts. 

Distributed wind and PV investments are found (i) to 
have little to no impact on the highest quantiles of the 
distribution of hourly net withdrawals; (ii) to induce large 
downward shifts in the lowest quantiles of the distribu-
tion of hourly net withdrawals; and (iii) to exacerbate the 
magnitude of the most extreme ramps. However, we have 
shown that investing in battery storage along with dis-
tributed wind and PV has the potential to significantly 
increase their grid deferral benefits, although distributed 
storage investment rates several times larger than current 
rates are likely to be required.

The main policy implication that emerges from our re-
sults is that support mechanisms that provide uncon-
ditionally higher subsidies to distributed wind and solar 
installations over their utility-scale counterparts are very 
unlikely to represent the least-cost path towards a low-car-
bon electricity supply. Relying instead on size-neutral sub-
sidies would represent a more cost-effective approach, at 
least until substantial transmission network expansions are 
necessary to connect new utility-scale wind and solar gen-
eration capacity. 
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The Sustainability of Renewable Energy-Based Electrification Pro-
jects in Cameroon: Technical, Institutional and Policy Perspectives
Chu Donatus Iweh,1,3 Guy Clarence Semassou,1 Roger H. Ahouansou,1 Wirnkar Basil Nsanyuy2

Renewable energy projects in Cameroon have suffered sustainability issues and this is increasingly acting as a barrier to the adoption of these 
technologies. It is therefore essential to explore sustainable approaches which can enhance project performance. This study examines the sustainability 
of some installed renewable-based power systems in Cameroon and identified pull factors. It also makes recommendations for the sector.

123

Introduction

As the world advances, most communities are mak-
ing progress in improving the lives of inhabitants and 

making their environments habitable. Nowadays, the main 
motivation for travellers and financiers to consider moving 
to a new municipality is based on the people’s living con-
ditions (Park et al., 2012). This implies that municipali-
ties with good living conditions could potentially receive 
an influx of visitors. Consequently, most remote villages 
in developing countries have embarked on projects to im-
prove their standard of living by sustainably utilising local-
ly obtainable resources (Aksorn & Charoenngam, 2015). 
However, it is a challenge for these communities to sustain 
these projects after commissioning especially in sub-Saha-
ran African countries like Cameroon (Sally et al., 2013). 
There is generally a much reduced level of sustainability in 
locally managed rural projects in Cameroon (Fonchingong 
& Ngwa, 2005) and it is essential to identify the causes 
of failures of these projects. A basic need that is often ab-
sent in rural communities especially in sub Saharan Afri-
ca is electricity (Iweh et al., 2022) and in bids to enhance 
sustainable development, most governments have adopted 
policies to meet this noble objective. Previously, the elec-
trification of remote villages in most developing countries 
like Cameroon was done through grid extension. Howev-
er, this option has over the years proven to be unsuccessful 
in Cameroon, with a low rural electrification rate of 32% 
(International Energy Agency (IEA), 2020) owing to the 
huge capital cost involved in deploying power system in-
frastructure in distant rural communities. This has pushed 
the government to consider off-grid systems powered by re-
newable sources such as solar photovoltaic (PV), biomass, 

1 Laboratory of Energy and Applied Mechanics (LEMA), University of 
Abomey-Calavi (UAC), 01 BP 2009 Cotonou, Republic of Benin.
2  Department of Electrical and Electronic Engineering, Faculty of Engi-
neering and Technology, University of Buea, P.O. Box 63, Buea, Cameroon.
3 corresponding author, email: iwehdona@gmail.com

wind and mini-hydro systems. Again, once these systems 
are deployed in rural communities, they are faced with sus-
tainability challenges emanating from factors linked to the 
social, technical, environmental, institutional and econom-
ic health of the project. There is a need to determine the 
best options to electrify remote communities so that these 
projects can remain sustainable for several years after being 
commissioned. 

Due to the financial constraints usually faced by local 
organisations when conducting such elaborate studies, 
modest frameworks are required to direct local initiatives 
and policy on sustainable rural power supply. Therefore, 
this study used a modest model to assess the sustainability 
of off-grid solar and micro-hydro installations in selected 
remote locations in Cameroon. The study used three mi-
cro-hydropower stations and a solar PV system installed 
in rural areas with no prospect of grid connection in the 
medium or short term. The three hydro projects are in Kin-
gomen, Tongou and Baleng while the small solar PV system 
is in Esaghem. The study makes recommendations such as 
scheduling robust system design and organisational plan-
ning with social interrelation at all levels of project devel-
opment, community governance and proprietorship of the 
system, and participation of the recipients in all phases of 
the project development cycle.

Material and Methods

The study was based on stakeholder consultation and re-
viewing relevant project documents on four rural power 
projects implemented in Cameroon. The continuous fail-
ure of local mini grids motivated the researchers to use a set 
of indices to identify the issues plaguing the sustainability 
of rural power projects. Evaluating sustainability has been 
addressed differently by several scholars such as (Kabalan 
& Anabaraonye, 2014; Hong & Abe, 2012; Ilskog, 2008) 
with no standard method of assessment. However, when 
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one explores the sustainability matrices in different studies, 
there is a recurrent occurrence of certain indicators such as 
social, technical, institutional, economic and environmen-
tal (STIEE) pointers. These pointers make sustainability 
analyses of projects more holistic and so, the STIEE model 
was adopted in this research. The study evaluated the indi-
vidual sustainability of mini-grids connected to three rural 
mini-hydro power stations and a solar PV one in Came-
roon using the technical, economic, social, institutional 
and environmental pointers. Figure 1 shows the sustaina-
bility pointers used in the rural mini grid assessment. 

Figure 1: Sustainability pointers in rural mini-grid assess-
ments

The designated pointers were assigned a rating system of 
1 and 2 where 2 denotes the highest positive impact while 
1 signifies a lower positive impact. These ratings were as-
signed based either on empirical data where they exist or 
through inference gotten from the researchers’ experience. 
The collective impact for each of the pointers are analyzed 
so that the comparison of the relative performances of the 
power systems can be conducted. Then, the overall impact 
(OI) and the relative difference (RD) were calculated using 
the following expressions (Kabalan & Anabaraonye, 2014).

If CMH > CPV; RD (PV) = 0

If CPV > CMH; RD (MH) = 0

Where:

CMH is the estimated cumulative impact numbers for each 
sustainability pointer on the micro hydropower station.

CPV is the estimated cumulative impact numbers for each 
sustainability pointer on solar PV system.

Where;

 OI is the overall impact, 

RD is the relative difference,

WV is the assigned weighting value. 

A rural electrification project which has a higher OI will 
be considered to be a more sustainable.

Evaluation of the Sustainability Pointers

The technical pointers

A technically sustainable rural project can be enhanced by 
local availability of the infrastructure needed for the tech-
nology to be deployed in the community and the ability of 
the system to supply inhabitants with reliable and afforda-
ble electricity. The turbine and penstock of the micro-hy-
dropower station in Baleng (Mungwe et al., 2016) were 
constructed by local artisanal welders in the community. 
They equally assisted in the repair of damaged parts of the 
micro-hydro system. The ratings of the solar PV and the 
micro-hydro systems were similar since the communities 
in Cameroon hosting the power systems supported the 
installations. However, the modelling of the hydropower 
components like the turbine and penstock needed a certain 
level of professionalism, without which a poorly designed 
system with low efficiency was inevitable. The micro-hy-
dro systems under consideration in the study have moving 
parts with many faults often necessitating repairs. The local 
artisanal welders or community project team conducted 
minor repairs on the systems but other major replacements 
needed to be ordered from cities. In addition, the rural 
solar PV systems require timely maintenance by trained 
technicians and rural areas often do not have them readily 
available. The solar PV system was functioning without a 
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dedicated maintenance team. Therefore, the micro-hydro 
and solar PV systems had the same rating.

Some rural hydro projects in Cameroon have had to stop 
power generation during the dry season as a result of in-
tense drought causing the river hosting the installation 
to disappear. This can also be linked to flawed feasibility 
studies conducted by the project developers. There was 
inadequate flow rate to feed the turbines of the micro-hy-
dropower projects in Tongou and Baleng (Mungwe et al., 
2016) in the dry season due to the complete disappear-
ance of the rivers in January, February and March 2009. 
The Kingomen micro-hydro station was equally faced with 
the challenge of prolonged dryness due to extensive dry 
season caused by unreliable rainfall. All these conditions 
influenced the available water flow from the local dam and 
caused frequent voltage variation. There were extreme low 
voltages in the dry season and high voltages during periods 
of intense rain, with devastating consequences for users’ 
appliances. Hence, the solar PV system was rated more 
highly than the hydro systems in this section.

The installation procedure was one of the technical fac-
tors evaluated in the study. This involved assessing whether 
the due technical processes were followed during the de-
ployment of the systems. The solar PV system was rated 
better than the micro-hydro systems as most of the hydro 
components were locally manufactured with little or no 
attention to their efficiency. Besides, the unavailability of 
flow rate data for small rivers and streams in Cameroon 
made prefeasibility studies of hydro projects difficult. This 
has led to reckless deployment of micro-hydro systems 
without adequate information to forecast future river flow 
patterns. For solar energy systems, the rich data base of 
resources such as Meteonorm and NASA have often been 
used by developers to perform analyses on the performance 
of potential systems, helping them to decide whether to 
continue with the projects or not. Following these consid-
erations, the solar PV system was rated more highly than 
the micro-hydro systems.

Assessment of system operation and maintenance of the 
deployed systems considered whether there was a docu-
mented maintenance plan. This aspect equally evaluated 
whether the system developers had trained a local team to 
oversee the operation and maintenance of the system af-
ter installation. None of the deployed energy systems had 
a formally trained team to oversee the monitoring of the 
installation. However, the hydro systems had a commu-
nity team in charge of basic maintenance. Therefore, the 
micro-hydro systems were rated more highly than the so-

lar PV system. There was no dedicated maintenance team 
in the Esaghem solar PV project. The main operational 
challenges faced in the Kingomen micro-hydro project in-
cluded the accumulation of debris on the turbines thereby 
reducing its efficiency.

System reliability was another technical sustainability 
pointer in the study. This pointer assessed the consistency 
of the various technologies (solar PV and micro-hydro). 
With a continuous river flow, a micro-hydropower system 
operates day and night. However, solar PV only operates 
during the day, with night operation only possible with 
a battery bank. Therefore, the hydro systems were rated 
higher than the solar PV. The arrival of the central grid in 
the various remote localities hosting the off-grid systems 
would see the micro-hydro systems with AC output more 
easily integrated in the grid than solar PV even though this 
may require performing studies to synchronise the hydro 
system before grid connection. The solar PV system would 
equally require properly sized grid-tied inverters before in-
terconnection with the central grid at the expense of losing 
some power during AC to DC conversion. 

The economic pointers

Rural power projects should be developed and equipped 
with mechanisms which allow them to operate in a 
self-perpetuating manner during the project’s lifetime. 
This requires actions that support productive use of the 
generated power so that monthly contributions to system 
maintenance are not a burden on the inhabitants. While 
making sure that the villagers are powered, developers have 
a responsibility to set affordable tariffs based on the situa-
tion of the clients. 

Productive use of the electricity generated was assessed as 
an economic pointer. This evaluated whether the project 
developers included a mechanism to encourage productive 
use of energy in their design. Most of the rural projects 
were developed to provide users with basic lighting and 
for the few that imposed a tariff, the locals had to squeeze 
out money from their meagre earnings. In the Kingomen 
hydro power project, the users were involved in productive 
use activities such as running bars, shops, grain mills and 
a gents’ hairdresser. Other residents used the electricity for 
lighting, mobile phone charging, radio and TV. The Es-
aghem solar PV project was a gift from community elites 
with no tariffs for users, while the micro-hydro plants were 
either financed by loans, grants or community initiatives, 
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all with an enforced tariff. Therefore, all the projects were 
rated similarly.

The ability and willingness of users to pay for electricity 
was assessed as an economic sustainability pointer. Since 
the projects were already installed, the users were assessed 
on how willing and able they could pay the tariffs set for 
the micro-hydro systems. For the Tongou hydro system, 
a flat tariff of 500 XAF (about $0.85) a month was ap-
plied to everyone connected to the network. There were 
no tariffs for the Esaghem solar PV system. The Kingomen 
inhabitants who were connected to the hydro system com-
pensated the project initiator with a few bags of coco yams, 
maize, beans and bundles of vegetables due to their ina-
bility to meet their financial obligations. Selling the food 
items for money to use for system maintenance was a chal-
lenge for the project initiator. Others could pay a monthly 
amount of 1000 XAF to the project developer as compen-
sation for the electricity used. Hence, the hydro and solar 
systems were rated similarly on the ability to pay pointer 
while the hydro projects were favoured on the willingness 
to pay pointer.

The interest rate and changes in the inflation rate can 
equally affect the financial state of a project. All the projects 
considered were evaluated using this pointer to determine 
whether these factors had an effect during the lifetime of 
the project. Although the Tongou hydro project was a loan 
with no interest from an NGO to the community, it could 
potentially suffer from inflation since the loan was to be 
returned using the fragile local currency (CFA Franc). 
Hence, the interest rate had little or no influence on either 
the solar or micro-hydro projects.

Changing equipment costs and varying operation and 
maintenance costs were assessed to ascertain whether they 
had a negative impact on the rural power projects. Most of 
the hydro power equipment such as turbines and penstocks 
were locally fabricated from scrap metal and the AC gener-
ator was second hand. The Kingomen micro-hydro system 
used a locally made transformer and cables obtained from 
car tyres and the power was distributed using local wooden 
poles. Hence, the changing cost of equipment had little 
or no effect on the hydro systems but the solar PV system 
could be affected by changing local prices of solar energy 
accessories. However, most of the main equipment for the 
solar project under consideration were ordered from the 
USA and shipped to Cameroon, making the influence of 
local price variation less serious. The solar and hydro sys-
tems were rated similarly.

Variation in taxes and custom duties is an important eco-
nomic pointer that was used in the study. This factor could 
increase the cost of rural power projects and render them 
uneconomically viable for investors. Even though the 2011 
electricity law in Cameroon waived the 19.5% VAT (value 
added tax) on the importation of solar modules, corrup-
tion at ports still continues to hamper this great economic 
incentive. The developers of the solar project under con-
sideration (Njoh et al., 2019) reported a case of corruption 
during the clearing of the imported solar modules, with 
custom authorities demanding taxes under the pretext that 
they were unaware of any piece of legislation exempting so-
lar modules from being taxed. Therefore, the micro-hydro 
systems were rated more highly than the solar PV system. 

The social pointers

The social aspects of project sustainability usually require 
a careful approach as these issues are critical in the deploy-
ment of a project. Since these projects remain in the com-
munity, proper studies of social factors can help develop-
ers identify areas in the community where more attention 
should be focused. 

The assessment of whether the beneficiaries of rural pow-
er projects are satisfied is essential for the future of the 
projects. For instance, a project that is constructed on a 
disputed site in the community can eventually lead to hos-
tility and vandalism of project infrastructure after commis-
sioning. All the projects (solar PV and micro-hydro) satis-
fied the communities hosting the infrastructure. However, 
there were situations of sabotage of the Baleng micro-hy-
dro project by individuals who were not connected to the 
network. This sabotage was insignificant and hence, all the 
projects were rated the same.

The study also assessed the level of community support 
for the projects. This pointer includes the level of village 
involvement in effectively implementing the rural power 
projects. Project implementation in a hostile community 
is already a sign of future issues when the project will be 
commissioned. When the community hosting the project 
is fully involved, it enhances the success of the project as 
they will endeavour to protect their interest in the project. 
Generally, the communities hosting the rural power pro-
jects considered in this study were all collaborative during 
project implementation since they were aware of how the 
project was going to empower them. However, the level 
of community participation during the construction of 
the micro-hydro projects was somewhat more than that of 
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the solar PV. This is understandable as some of the com-
ponents for the hydro systems such as turbines could be 
locally fabricated by artisanal welders, unlike solar PV, the 
components of which were imported and their installation 
required skilled labour. All the systems were equally rated.

The projects were also assessed against whether there were 
pre-consultation talks with the community before deploy-
ing the systems. These discussions help instil confidence 
and enhance cohesion between project developers and the 
community. It equally helped developers to identify risk 
factors that could affect the implementation of the project. 
Most of the projects had an acceptable level of communi-
ty engagement, mostly with community leaders, who later 
transmitted the information to their subjects. The Kin-
gomen micro-hydro project was initiated by a local bike 
repairer for his personal use, but the project later drew the 
attention of the village and it was expanded to supply some 
households in the community. 

The social sustainability of a project equally depends on 
its social acceptability. A project that is directly rejected 
by the community or is subject to growing resentment 
after commissioning will probably suffer from failure as 
the inhabitants may embark on acts of vandalism. All the 
projects were generally accepted by the communities host-
ing them. However, there were growing complaints about 
the mode of management by the Kingomen micro-hydro 
project team regarding highhandedness of the project ini-
tiator, who made most decisions without due consultation 
with team members. There were also cases of sabotage of 
the Tongou hydro scheme project by community members 
who were connected to the network.

The study examined whether there were any changes in 
user behaviour likely to affect the sustainability of the elec-
trification projects. Given the small nature of the projects, 
there were no recorded changes in user behaviour that had 
a direct impact on the projects. However, there were some 
cases of users not being able to pay the set tariff. All the 
projects were rated the same.

Community social structure was assessed to determine 
whether it had an effect on project sustainability. This con-
cerns the social stratification of the inhabitants and how 
different classes interact with each other to meet collective 
community goals. Communities with clashes among dif-
ferent social classes will definitely disagree on several issues 
including matters of common interest such as a rural en-
ergy project. All the communities considered in the study 
were agricultural communities with no issues relating to 

social structure that could affect the project and therefore, 
the projects were all rated the same.

The donor-community relationship after project com-
missioning was evaluated. After commissioning, most 
community projects still need support from donors in 
terms of guidance on serious system operation and main-
tenance issues. When this relationship is not cordial, the 
project tends to suffer in case of major needs that could 
easily be handled by the donor. In most donor-funded pro-
jects, equipment procurement, project development and 
construction are handled by the donors. This means that 
they have information on how a serious system fault could 
be managed or where to quickly get a spare part for re-
placement. All the projects had good working relationships 
with the donor and were rated in a similar manner.

The simplicity of the organisational set-up charged with 
management of a project after commissioning has a huge 
impact on project sustainability. Poor organisational struc-
ture will breed disaccord and less commitment among 
members and this will negatively affect the project. Most 
of the projects especially the micro-hydro projects, had a 
project team set-up to follow up on plant maintenance. 
There was growing tension among the Kingomen mi-
cro-hydro project team members because they felt that the 
project leader made decisions without consulting them. 

The environmental pointers

With the growing consciousness of the need to protect 
the environment, countries and institutions have contin-
ued to advocate for environmental sustainability in any 
human endeavour. Therefore, rural projects will fare better 
in environmentally sustainable sites. The assessment of ru-
ral projects should go beyond site environmental factors 
and evaluate the lifetime impacts of the energy technology 
adopted. Most high-level lifecycle analysis requires com-
mercial tools which are difficult to acquire by rural power 
developers. Therefore, the study does not conduct detailed 
analysis of the environmental impacts of both the sites and 
the technologies but dwells on the visibly probable envi-
ronmental impacts of either the technology or the site.

The ability of the rural power systems to potentially re-
duce emissions was assessed as an environmental pointer. 
This is because highly polluting energy systems will not 
only negatively affect the local population but will gener-
ally contribute to national emissions. The use of technolo-
gies (solar and micro-hydro) can reduce the net emissions 
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of the community since most inhabitants will abandon the 
use of polluting fuels such kerosene for bush lamps and 
diesel generators for lighting. Therefore, all the systems 
were rated the same.

Susceptibility of the system to the local climate is an es-
sential factor that needs to be considered when deploying 
a rural power project. The projects were assessed wheth-
er there were aspects of the local climate that affected the 
installed systems. The dry season in Cameroon caused a 
drastic drop in river flow rates such that the output of the 
micro-hydro systems was tremendously reduced. The situ-
ation of some systems like the Tongou micro project was 
so extreme that the source of water completely disappeared 
in the dry season in 2009. The solar project considered was 
not affected by the local climate and hence was rated more 
highly than the hydro systems.

The systems were checked to see if there were any aspects 
of local land use that affected the projects or whether the 
projects affected any local land use activities. Most of the 
hosting communities had enormous water resources and 
vast land for agricultural activities and so, there were no 
conflicts emanating from land use activities. All the pro-
jects were given the same rating.

The environmental impact of the installed systems on 
both the local and national environments is an important 
factor to consider in project development, especially as the 
earth becomes more vulnerable to damaging human activ-
ities. Installed solar PV systems have comparatively fewer 
environmental impacts. However, the production process 
of solar modules, ranging from metal-grade silicon decon-
tamination to solar silicon, has a huge environmental im-
pact. In addition, there are concerns about the safe disposal 
of solar PV equipment after its useful life owing to their 
damaging chemical composition. These concerns are sup-
ported in the work done by (Stoppato, 2008). On the oth-
er hand, the metal plates of a micro-hydro plant can always 
be re-used or converted into other local equipment such as 
pots, bars, etc. However, the cement used to construct the 
weir, forebay and powerhouse comes from a manufactur-
ing process with negative environmental impacts.

The rural power projects were assessed if there was a plan 
for the safe disposal of components after the useful life of 
the project. A project without a suitable plan to safely dis-
pose of equipment whose life has expired can lead to en-
vironmental pollution. None of the projects considered in 
this study had a clear plan  for how components were go-

ing to be disposed of after the project life expired. Hence, 
they were all rated in a similar manner. 

The institutional pointers

The legislative and political institutions in a country can 
greatly influence the execution of projects. This is because 
regulations can either facilitate or impede the development 
of a rural power project. A country’s governance structure 
has a great impact on the sustainability of rural power pro-
jects. Cameroon has a purely centralised system of admin-
istration and the main decisions regarding important issues 
such as energy development are made in the country’s po-
litical capital, Yaounde. Regrettably, the Electricity Sector 
Regulatory Agency, which is the country’s main electricity 
regulator, does not have regional or district offices where 
local renewable energy developers can easily acquire au-
thorisations and licenses. Unnecessary bureaucracy makes 
it difficult to acquire project documentation. However, the 
2011 electricity law allows renewable energy systems with 
a capacity of less than 100 kW to be constructed without 
any formalities or documentation. All the projects consid-
ered in this research had a capacity of less than 100 kW 
and were not affected by the centralised governance struc-
ture and were therefore rated the same. There are other ad-
ministrative issues such as a flawed custom clearance policy 
and a high level of corruption. It has been reported that 
customs illegally charged 19.25% tax on the imported so-
lar PV accessories from the United States for the Esaghem 
solar PV project  (Njoh et al., 2019) even though the 2011 
law waived this tax on the importation of renewable energy 
components.

A change in a country’s or a community’s leadership can 
affect the sustainability of a project, depending on the 
circumstances under which the change occurs. A military 
takeover can bring instability causing vandalism of pro-
ject infrastructure, high costs of spare parts and a drop in 
inhabitants’ purchasing power leading to the inability to 
pay the tariff. In addition, a change in the leadership of 
a community can cause tension, as has been the case in 
many communities in Cameroon where the appointment 
of a new community head is often contested by individuals 
who think a wrong choice has been made. None of these 
factors affected the projects under consideration and there-
fore they were all rated the same.

The international conventions ratified by a country can 
affect the sustainability of projects. This is because when 
there are no guidelines on how projects should be execut-
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ed, project developers and investors tend to focus more on 
the economics and give little or no consideration to the 
damage this may cause to the local environment. Interna-
tional conventions serve as guides in project planning and 
implementation. Cameroon ratified the United Nations 
Framework Convention on Climate Change (UNFCCC) 
in October 1994, the Kyoto Protocol in July 2002 and 
most recently the Paris Climate Accord in 2015. Came-
roon has also signed other agreements such as the statute of 
the Montreal Protocol on substances that affect the ozone 
layer, statutes of the international renewable energy agen-
cy, the Convention on Biodiversity, the Paris Convention 
for the Protection of the World Cultural and Natural Her-
itage, the Indigenous and Tribal Peoples Convention (No. 
169) and the African Charter on Human Rights. Even 
though the projects were implemented at the local com-
munity level with little or no awareness of these interna-
tional engagements, they did not affect the environment. 
Therefore, all the projects were rated in a similar way.

A country’s energy policies can either enhance or discour-
age the development of rural energy projects. The institu-
tions charged with energy matters in Cameroon are weak 
and do not encourage private investment. Obscure and 
inadequate investment regulations and a lack of standards 
frustrate any collaboration with local financial institutions. 
This makes the implementation of a national renewable 
energy market difficult. This is partly due to financial risks, 
commercial frameworks that do not promote competition 
and administrative inefficiencies. The 1998 and the 2011 
laws on the electricity sector address general issues without 
adequately establishing complete policies that enhance the 
development of renewable energy in the country. There 
were no government subsidy schemes for the rural power 
projects considered in this study as most of the initiatives 
were donated by individuals and NGOs. Energy policies in 
Cameroon are generally fairly unfriendly to rural renewa-
ble initiatives and therefore all the projects were rated in a 
similar manner.

Regulations governing the protection of the environment 
in Cameroon are quite friendly since environmental con-
cerns were relatively non-threatening. Energy developers 
are required to conduct an environmental and social im-
pact assessment for large projects deemed to have a signifi-
cant impact on the local environment. In 2006 Cameroon 
created a national commission for a Clean Development 
Mechanism (CDM) and the Ministry of the Environment 
and Nature Protection instituted a national agency for the 
execution of CDM projects (Ngnikam, 2009). The pro-
jects considered in this study were all environmentally 

friendly and no policy was a barrier to their implemen-
tation. Therefore, they were all rated in a similar manner. 

3.6. Aggregate evaluation of the sustainability pointers

The aggregate evaluation of the sustainability pointers 
was done using equation (1) to (3). The various rural pow-
er projects were analysed in order to have a common base 
from which further conclusions could be made. The con-
clusions were enhanced by allocating weighted constants to 
each of the broad sustainability classes (STIEE). Weights 
ranging from 1 to 3 were allocated, with 1 signifying the 
least importance and 3 the most importance. This is sim-
ilar to the criteria set by Kabalan & Anabaraonye (2014). 
Given the growing environmental concerns, the environ-
mental pointers were assigned the highest weighted value 
of 3 and the technical and social pointers were assigned a 
value of 2. The institutional and economic pointers were 
assigned a value of 1. These assigned weighted values were 
based on the local field context and the authors’ expert 
judgment. Table 1 shows the overall impact of the various 
pointers and the weighted values. Figure 2 shows the ag-
gregate impact of the sustainability pointers.

Table 1: Overall impact of the sustainabili-
ty pointers with their assigned weighted values

Figure 2: Aggregate impact of the sustainability indica-
tors.
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The Esaghem solar PV system was more technically sus-
tainable than the micro-hydro plants but the latter were 
more economically and environmentally sustainable. The 
overall result showed that the micro-hydro systems were 
more sustainable solutions in rural villages in Cameroon, 
as shown in Table 1. This is further justified by the heavy 
presence of unexploited small hydro resources in most ru-
ral communities in Cameroon. The aggregate analysis (Fig-
ure 2) shows that the environmental pointer was the most 
influential in defining the overall impact. While the two 
technologies considered in this study were generally satis-
factory, the adverse environmental effects of the Esaghem 
solar PV system were more than those of the micro-hy-
dro systems. This is owing to the production process of 
solar panels, which involves burning oil/coal and the use 
of dangerous heavy metals such as cadmium telluride for 
thin-film panels. In addition, recycling solar panels after 
their useful life poses a huge challenge as there exist few 
places for recycling them and the number of solar panels 
that have exceeded their useful life is insufficient to render 
the recycling business more economical. These panels are 
made from scarce metals such as silver and indium, which 
if not recovered in recycling could lead to future scarcity. 
There is an urgent need to optimise the production of solar 
panels in order to make them environmentally competitive 
with micro-hydropower technology.

Discussion and perspectives 

Reluctance to deploy renewable energy in Africa has been 
blamed on poverty, inadequate public awareness and lim-
ited technology (Pegels, 2010). This section discusses the 
findings. The energy systems considered were developed 
using similar financial models (a community-based ap-
proach) and the outcomes were similar. In the financial 
models of the systems, especially the micro-hydro systems, 
the terms and conditions of the credits were not transpar-
ent, in particular the loan duration, mode of refund and 
penalties in the case of default. All the communities which 
had their system financed with a grant or a donation by 
elites with no obligation to repay did not have a sense of 
ownership of the system. This greatly affected the perfor-
mance of the system.

Coherent social organisation with a dedicated commu-
nity head who has power over the local committee mem-
bers could improve the performance of the system. Reg-
ular collection of tariffs in the community helped fund 
maintenance operations for some of the systems. Also, 
elite community members in the diaspora continued to 

be committed to the development of their communities. 
However, there were some issues in the social organisation 
of the three mini-hydro projects which caused the projects 
to undergo some technical challenges. For instance, the 
Baleng and Tongou micro-hydro systems had local project 
committees to oversee system operation and maintenance 
but which had no authority in the village so tariff collec-
tion was irregular. This made system maintenance difficult 
since there were inadequate funds to buy spare parts. Sim-
ilarly, the project leader for the Kingomen hydro scheme 
was accused by some members of hijacking the project and 
running it as a personal business. The tensions observed in 
the social organisational structure of these systems were re-
flected in the effective performance of the systems. Systems 
with more cohesive social organisation were more efficient 
than systems where the social cohesion was weak.

Moreover, the successes of the Kingomen hydro project 
have partly been credited to the customary blessings it re-
ceived from the traditional Nso leader during the initiation 
of the project. The traditional leader instructed his repre-
sentative at Kingomen to carry out libations by crossing a 
rope at the project site as a sign of blessing and protection 
from the palace. Integration of this socio-cultural element 
by the project initiator led to a swift extension of the pro-
ject from supplying electricity to a single neighbourhood 
(village square) to six other neighbourhoods (Tonsaiy, 
Ronkih, Kinchumin, Tatu, Romishyiy and Tabah). 

In the design process, development of the systems did not 
follow a rigorous analysis of river flow rates and demand 
for power. Wrong sizing of micro-hydro machinery has 
been indicated as a major issue which can negatively influ-
ence the success of a hydro system (Williams & Simpson, 
2009). The complete disappearance of the river in the Ton-
gou and Baleng hydro systems and penstock failure issues 
were evidence of the inadequate feasibility studies for these 
systems.

There was no financial support from the government 
for the systems considered in this study. Although several 
countries are increasingly implementing economic instru-
ments to encourage the utilisation of clean energy, the in-
stitutional framework in Cameroon is still weak. The few 
incentives such as the VAT waiver for imported renewable 
components are still suffering from the highly corrupt ad-
ministrative system with these products still being taxed at 
the ports. The custom processes for imported products are 
expensive and cannot encourage private investment in the 
off-grid sector. Most of the systems, especially the micro 
hydropower systems, had some of their components locally 
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fabricated. There are currently no state-sponsored commu-
nity outreach programs in Cameroon geared to providing 
technical support to local clean energy initiatives and this 
negatively affects the sustainability of off-grid community 
power projects.

Last, this study has considered installed power projects in 
the north west, south west and west regions of Cameroon. 
The selected sustainability pointers with their correspond-
ing weighted values were made to reflect the case studies. 
With the similarities among rural communities in Cam-
eroon, the study could be generalised, especially in com-
munities with a similar local governance set-up. However, 
it is worth noting that there may be some differences in 
the findings if studies move to locations with a completely 
different local governance structure. This corresponds to 
the objective of the study to present a framework which 
policymakers can use to make informed decisions regard-
ing the deployment of renewables, especially to off-grid 
communities. Therefore, similar studies can be conduct-
ed on similar projects in order to identify areas that needs 
improvement. Interestingly, the study has proved to be a 
rapid way to identify areas in a rural power project that 
could serve as potential risks and to provide information 
on competing technologies. The combination of different 
sustainability pointers could be challenging as it could 
lead to shading the difference between pointers, resulting 
in the loss of important data. However, this situation can 
be resolved by adjusting the assigned weighted values to 
completely represent the objectives and the situation on 
particular sites.

Conclusion

The study has presented a framework to assess the sus-
tainability of off-grid renewable electricity supply systems 
in Cameroon. The study is pertinent because most off-grid 
power projects are plagued with sustainability issues. It is 
our hope that the government and local NGOs involved 
in the deployment of renewable energy systems in rural 
communities can draw inspiration from the findings of 
this study to improve future projects. The results show that 
micro-hydro systems are promising and more sustainable 
than solar PV for rural power supply in Cameroon. While 
the data analysed may be simplistic, the framework offers 
a complete policymaking tool for energy stakeholders in 
Cameroon and beyond involved in the deployment of 
rural power projects. Urgent reforms are needed in terms 
of decentralisation of the electricity regulator by delegat-
ing decision-making authority to the municipal level, in-

ter-ministerial collaboration on energy matters, a financial 
commitment to renewable energy skill development in 
the country, standardisation of renewable energy products 
and setting annual renewable targets for every region to 
improve accountability and enhance the deployment of 
renewable installations in Cameroon. Other recommenda-
tions are; scheduling a robust system design, organisational 
planning with social interrelations at all levels of project 
development, community governance and proprietorship 
of systems and participation by the recipients in all phases 
of the project development cycle. 

This study also recommends implementation of institu-
tional reforms with the aim of ensuring the development 
and sustainability of renewable energy technology in Cam-
eroon. The government should create strong decentralised 
institutions responsible for energy matters so that rural off-
grid systems can get the necessary support at the sub-dis-
trict level. Such decentralised institutions must not end up 
merely creating administrative units on energy issues at the 
sub-district level but they should be empowered to shape 
decisions that can affect the energy landscape of the coun-
try. Cameroon should create a framework that enhances 
collaboration among related institutional stakeholders in 
the energy sector. This will help to facilitate the flow of 
information and reduce the level of administrative bottle-
necks faced by renewable energy developers in executing 
their duties. The government needs to actively support 
the development of local content in the development of 
renewable technologies. It was observed that some of the 
components in the systems, especially the micro-hydro sys-
tems, were locally made by villagers. Their capacities could 
be developed by the state in preparation for vision 2035, 
in which the local industry will be up-scaled. Additional 
training for technicians will also improve the sustainability 
of systems after commissioning. The suggestions proffered 
in this study can be applied to Cameroon and other devel-
oping countries with similar governance structures.
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Upgrading North Africa-EU gas infrastructure to transport 
green hydrogen
Roberto Cardinale, PhD1, Nariman Emara2

This study finds that Algeria has a potential cost advantage in transporting green hydrogen to Europe thanks to overcapacity in its existing gas 
infrastructure, which could be upgraded. By contrast, Egypt is more competitive in the generation of renewable power, a key input of green hydrogen, 
thanks to regulation that attracts investments.

12

Introduction

This study explores the economic and regulatory 
conditions for implementation of large-scale projects 

producing green hydrogen and transporting it from North 
Africa to Europe. The EU has shown a notable interest in 
importing hydrogen from North Africa in order to reach 
its climate commitments while compensating for the re-
duction of gas imports from the Russian Federation. The 
idea of importing green hydrogen from North Africa stems 
from the potentially low cost of producing it thanks to the 
abundance of solar energy and land in desert areas, and 
existing export infrastructure.

The study analyses the cases of Egypt and Algeria and 
finds that, while they have similar production potential, 
they are characterised by (i) different stocks of existing gas 
infrastructure that could be upgraded to transport green 
hydrogen; (ii) different approaches to regulation, which af-
fects their ability to attract investment in the generation of 
renewable power and to scale up the production of green 
hydrogen. 

Algeria has a potential cost advantage in the transport 
phase as it has overcapacity in its infrastructure to export 
gas to Europe, which with limited investment could be 
upgraded to transport green hydrogen. By contrast, Egypt 
has more limited gas export infrastructure capacity, which 
suggests that it should invest extensively to develop ad-hoc 
green hydrogen infrastructure. 

However, Egypt is proving successful in attracting invest-
ments in the generation of renewable power, suggesting 
that it is creating the conditions to reduce the future costs 

1 Assistant Professor, Department of Economics, The American University 
in Cairo (Egypt) roberto.cardinale@aucegypt.edu
2  Senior Project Controller, Siemens Energy; Teaching Assistant, The 
American University in Cairo n.a.s.emara@aucegypt.edu

of production of green hydrogen. Investments have been 
incentivised by favourable regulation for the private sec-
tor, including preliminary market opening and partial lib-
eralisation measures. In contrast, Algeria has encountered 
some challenges in attracting investment, probably due to 
difficulties in reconciling domestic industrial policy goals 
with the interests of international investors.

This paper recommends that the EU should adopt a 
differentiated approach to energy and climate diplomacy 
which considers the regulatory and political economy dif-
ferences between the two countries in view of launching 
joint initiatives on green hydrogen.

Infrastructure and regulation in North Africa: The 
cases of Egypt and Algeria

North Africa has historically been a major producer and 
exporter of energy to Europe. Today, it has a unique op-
portunity to maintain and even relaunch this strategic 
role by taking advantage of the energy transition. Devel-
oping a green hydrogen supply chain can serve this pur-
pose. In fact, North Africa is a region with one of the 
world’s largest solar energy potentials thanks to high solar 
radiation and an abundance of land in desert areas. These 
are unique conditions which can realise a scale of produc-
tion that would cut costs and allow green hydrogen to 
be competitive with traditional energy sources. In addi-
tion, North Africa is in proximity to the EU, which is the 
world’s largest energy importer. 

Furthermore, the two continents are already well con-
nected with natural gas infrastructure, which could be 
upgraded for the transport of hydrogen at a relatively low 
cost. Currently, there are four undersea pipelines with a 
combined transport capacity of about 65 bcm, and four 
Liquefied Natural Gas (LNG) plants that provide an ad-
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ditional capacity of around 43 bcm (see Figure 1). Plans 
to develop ad-hoc hydrogen infrastructure are under con-
sideration. 

Figure 1: Existing gas infrastructure connecting North 
Africa to Europe

Source: Mott MacDonald (2010)

However, besides having common potential, each North 
African country faces different challenges and opportuni-
ties due to specificities concerning industrial capabilities, 
the availability of infrastructure and government policies 
and regulation. The latter are crucial to attract investment 
and generate a scale of production of renewable energy 
that reduces costs and increases the chances of green hy-
drogen competing with traditional fossil fuels on local and 
international markets. 

North Africa has had a variety of experiences in this re-
gard, as some countries have implemented substantial lib-
eralisation and decarbonisation reforms while others have 
maintained a more cautious approach to reforming. This 
gap can be explained by various factors, which are mainly 
related to local elites’ perceptions of the priority of such 
reforms but also to the implications that reforms have for 
political stability (Cardinale, 2019). 

This article analyses the cases of Egypt and Algeria to 
provide insights on the diverse range of opportunities and 

challenges that important North African energy players 
with similar production potentials and industrial capabil-
ities might face. The comparison considers (i) the coun-
tries’ existing gas export infrastructure capacity, which is 
key to realising cost savings by just upgrading it to trans-
port green hydrogen; and (ii) their approaches to energy 
regulation, which is essential to attract the high volume 
of investment needed to realise a scale of production that 
reduces the cost of renewable energy generation, the main 
driver of green hydrogen production. 

Egypt’s existing gas export capacity is limited to about 
26.8 bcm/y if the Arab Gas Pipeline (AGP) pipeline con-
necting Egypt to the Levant is also considered. Currently, 
its existing LNG infrastructure is being used at full ca-
pacity to meet the high level of demand in the interna-
tional market, suggesting that investment to build green 
hydrogen export infrastructure is needed. Furthermore, 
estimates suggest that upgrading LNG to liquefy green 
ammonia (a hydrogen carrier) would cost up to 20% more 
the cost of building a new LNG terminal (IEA, 2022). 
However, Egypt’s market-oriented regulation has succeed-
ed in attracting investment in the generation of renewa-
ble power, leading Egypt to rank first in North Africa and 
second in Africa with an installed capacity of 6,226 GW 
(IRENA, 2022). 

Liberalisation reforms implemented with the New Elec-
tricity Law 87/2015 have played a relevant role in attract-
ing private sector investment. For example, unbundling 
and Third-Party Access (TPA) measures have been intro-
duced (Fahmi and Hussein, 2020) allowing private energy 
firms to enter the electricity generation sector and compete 
with State-Owned Enterprises (SOEs) to supply industrial 
consumers for the first time.

In the previous year a Feed-In Tariff (FIT) system for so-
lar and wind power was introduced. This allows new en-
trants to own, build, and manage renewable energy power 
plants and sell generated electricity with Power Purchase 
Agreements (PPAs) to the Egyptian Electricity Transmis-
sion Company (EETC), the Egyptian Transmission Sys-
tem Operator (TSO) or to licensed distribution firms. The 
PPAs establish the contract duration and a fixed electricity 
price, providing a guarantee of the return on investments. 
Solar projects have 20-year PPAs and wind projects 25-
year PPAs. As a result of the FIT system, PPAs and oth-
er provisions on market competition, in 2021 2.1GW or 
34.4% of the total installed renewable energy capacity in 
Egypt was controlled by the private sector.
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Algeria has an advantage over the other North African 
competitors in its gas export pipeline capacity, which 
amounts to about 53 bcm/y. This advantage is relevant as 
upgrading existing pipelines to transport green hydrogen 
results in 50% - 80% cost savings relative to the construc-
tion of a new pipeline (IEA 2022).

As in the case of Egypt, several measures have been adopt-
ed in Algeria to promote investment in the generation of 
renewable power. For example, in 2009 Algeria established 
the National Fund for Renewable Energy (NFRE), which 
received 0.5-1% of the royalties from the oil and gas sector, 
and which aimed to provide financial support for invest-
ment in renewables. With the 2013 Executive Decree 13-
218 the Algerian government redefined a FIT introduced 
earlier in 2004 with details of the various bonuses for pro-
ducers from selected renewable energy sources. Overall, 
the Algerian government committed itself to purchasing 
all the renewable electricity generated for 20 years at prices 
above the production cost (Bouznit et al., 2020). 

However, investor undersubscription of the first interna-
tional tender issued in 2019 meant that Algeria’s attempt 
to attract private investment in the renewable power sec-
tor was more challenging than expected. This may be ex-
plained by Algeria’s policy of securing extensive govern-
ment control of projects while pursuing the objective of 
local industrial development. For example, tenders had to 
envisage projects being majority-owned by national com-
panies and respect minimum levels of local equipment and 
financing. To some extent these terms are likely to have 
contributed to discouraging international private investors 
from bidding (Hochberg, 2019), and for this reason some 
of them have been recently lifted. 

In view of these different experiences and approaches to 
regulation, the EU approach to energy and climate diplo-
macy with North African countries should be diversified 
and consider their specificities. The EU has developed a 
comprehensive and detailed hydrogen strategy, which has 
recently been revised by the ‘REPowerEU’ plan, which en-
visages importing 10 million tons of green hydrogen a year 
by 2030, of which 6 million tons should be imported from 
North Africa.

The European Commission recognises the challenge in 
attracting infrastructure investment for green hydrogen. 
More specifically, provisions concerning market compe-
tition could discourage investment in newly developed 
hydrogen pipelines, as investors may be concerned that 
competition might limit their returns on very high up-
front costs. For this reason, the idea is to apply existing 

rules on natural gas infrastructure gradually (Tanese and 
Herrera Anchustegui, 2022). If EU energy companies are 
allowed exemptions to market competition rules at least 
until 2030, North African companies should be granted at 
least the same exemptions, if not an even greater set of con-
cessions as they have higher market and regulatory risks. 

The EU might be willing to invest in and grant nota-
ble concessions to Egypt, considering the increasing con-
vergence of Egypt’s regulatory approach with the EU 
approach, especially concerning market competition and 
the regulation of transmission and export infrastructure. 
Although in Egypt liberalisation and the entry of private 
and foreign investors were conceived mainly as ways to in-
crease production capacity, despite being in an early stage 
measures such as unbundling and TPA are laying the foun-
dation for a competitive market. 

The Algerian case shows a different picture. The energy 
markets remain dominated by state-owned monopolies 
and it seems that in the short term there are no plans to 
reform the current market structure to introduce market 
competition. However, the provision that envisaged na-
tional companies to retain majority ownership on all major 
renewable energy projects has been lifted, suggesting that 
the government is willing to make some compromises to 
attract international and private investments. 

Regarding the regulation of export infrastructure, the 
Egyptian government is likely to make TPA mandatory 
once capital costs are amortised. This might be an incen-
tive for international energy companies that are willing to 
enter the Egyptian market and use existing transmission 
and export infrastructure. However, the current export 
infrastructure capacity in Egypt is rather limited, which 
suggests that high volumes of investment are needed. By 
contrast, Algeria has a surplus of export infrastructure, 
which in some cases is underutilised and which represents 
a remarkable opportunity of cooperation with the EU on 
upgrading it to transport green hydrogen. 

Policy recommendations 

The EU approach to energy and climate diplomacy to-
wards Egypt and Algeria should be diversified and take into 
account the differences in their respective regulations. This 
study suggests that achieving regulatory harmonisation 
with Egypt is possible but EU financial support might be 
needed, especially for Egyptian projects to expand or up-
grade the current transmission and export infrastructure. 
So far, the infrastructure gap is the main obstacle to invest-
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ments in green hydrogen, as Egypt has two LNG termi-
nals with an overall export capacity of 16.5 bcm/y, which 
are notably more expensive to upgrade than pipelines, and 
only a 10.3 bcm/y pipeline that reaches the Levant. 

Another important issue to negotiate is reciprocity in 
access to EU and Egyptian downstream markets. Despite 
Egypt’s newly introduced rules, Egyptian state-owned 
companies are de facto still dominant in the domestic mar-
ket and absent from EU markets. For this purpose, the 
EU could provide conditionality clauses on funding for 
infrastructure in Egypt subject to a progressive reduction 
of market shares by Egyptian state-owned companies. In 
a similar way, Egyptian companies should be allowed to 
enter EU downstream markets. 

Regarding Algeria, the approach to cooperation could 
be different, considering Algeria’s intention to implement 
liberalisation reforms at a slower pace to preserve internal 
balances. For this reason, the EU could act on separate is-
sues in the negotiation. In one channel it could address 
short term issues, for example the redrafting of clauses on 
the national ownership of projects and on minimum local 
content; the establishment of a common fund to incentiv-
ise investment in renewables and in electrolisers; and the 
upgrade of existing transmission and export infrastructure 
to transport green hydrogen. 

For example, the EU could leverage the unexploited Alge-
rian infrastructure capacity by asking for the introduction 
of specific measures such as TPA on repurposed export 
infrastructure. In exchange, the EU could commit to pro-
viding a substantial financial contribution for the upgrade. 
This compromise is likely to be a win-win solution as TPA 
provides guarantees on returns to European private inves-
tors which wish to produce green hydrogen in Algeria for 
export, while Algeria would benefit from higher volumes 
of private investment and EU funds. 

In parallel, another negotiation channel could be opened 
up to pursue the more ambitious objective of regulatory 
harmonisation with a view to speeding up cross-country 
investment and trade in green hydrogen. However, to do 
this Algeria should receive guarantees from the EU of full 
support in the case that the transition to a liberalised en-
ergy system proves more difficult than expected. This sup-
port could consist in providing continual technical and 
organisational assistance during the transition, preparing 
a rescue plan with a shared (EU-Algeria) financial burden 
in case there are disruptions in the supply chain and com-
mitting to provide diplomatic and financial support if lib-

eralisation disrupts the current balance of domestic inter-
ests. Considering the current period of uncertainty due to 
high international instability, it is unlikely that Algeria will 
enact extensive market and corporate governance reforms 
and that the EU could effectively guarantee this transition. 
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Refuelling the transition to net zero emissions in the aviation 
sector
Teodora Serafimova1, Matthias Finger2

Sustainable aviation fuels (SAFs) are widely seen as the most promising avenue to decarbonise a significant portion of the 
aviation industry, particularly in the long-haul segment. In this article, we argue that if it is adequately designed and 
implemented the ReFuelEU Aviation Initiative could kick- start the European SAF market by fostering a reduction in SAF 
production costs with economies of scale and technological advances. But since SAFs alone cannot be considered a silver bullet 
their uptake will have to be accompanied by complementary and coherent efforts concerning other policy levers, such as carbon 
pricing, energy taxation and air traffic control, among others.
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Introduction

The record-high temperatures and droughts that 
characterised the European summer of 2022, cou-

pled with the subsequent devastating floods in Pakistan, 
are yet another stark reminder underscoring the need for 
urgent action to tackle the global climate emergency. The 
aviation sector, the emissions of which have ceaselessly 
grown over the past decades, requires particular attention 
given the technical challenges involved in decarbonising 
it. Whereas zero emission technologies are likely to con-
tinue to be beyond the aviation sector’s reach in the next 
decades, especially when it comes to long-distance flights, 
sustainable aviation fuels (SAFs) are only available in lim-
ited quantities today and face important questions linked 
to upscaling. However, the newly found consensus, in-
cluding within the industry, on the need to reach net zero 
emissions by mid-century could offer fertile ground for 
the development of an ambitious regulatory framework to 
foster the uptake of SAF-powered and alternative aircraft 
technologies. In this article, we take a closer look at the 
European Commission’s Fit for 55 Package published in 
July 2021 and argue that if they are adequately and coher-
ently designed and implemented the proposals contained 
within it could provide a step change bringing us closer to 
achieving Europe’s 2050 climate neutrality objectives by 
internalising the external costs of aviation, kick-starting 
the SAF market and thereby breaking the sector’s 100% 
reliance on fossil fuels. 

Decarbonising aviation: “It’s not possible” – “No, it’s 
necessary” 

The European Green Deal aims to transform Europe into 
the world’s first climate-neutral economy by 2050. In the 

1 Research Associate, Florence School of Regulation – Transport Area, 
European University Institute, teodora.serafimova@eui.eu
2 Professor and Deputy Director, Florence School of Regulation – Trans-
port Area, European University Institute, matthias.finger@epfl.ch

transport sector, this vision translates into an obligation 
to collectively reduce greenhouse gas (GHG) emissions 
by 90% compared to 1990 levels by mid-century, with all 
modes contributing. In its more recent Fit for 55 Package, 
the European Commission proposes a substantial overhaul 
of its climate, energy and transport-related legislation with 
a view to putting Europe on track to reducing emissions 
by 55% by 2030. Achieving these objectives poses a par-
ticular challenge for hard-to-abate sectors such as aviation, 
which have a limited number of readily available greening 
options at their disposal today and the emissions of which 
have stubbornly continued to grow in recent decades. 

To illustrate this, while fuel use and efficiency in aviation 
have improved by as much as 80% since the dawn of mass 
air travel (i.e. since the arrival of the Boeing 747 during the 
1970s), these efficiency gains have been largely outpaced 
by the exponential growth in air traffic and emissions (the 
so-called ‘rebound effect’).3 Despite major investments in 
engine technology to improve fuel-burning efficiency, no 
major changes are expected in aircraft configurations until 
at least 2037.4 

Prior to the COVID-19 pandemic, aviation was one of 
the fastest-growing sources of GHG emissions, directly 
accounting for about 3% of the EU’s total emissions and 
more than 2% of global emissions. Although these may 
appear to be mere fractions of total emissions, the sector’s 
estimated contribution to climate change more than dou-
bles if the non-CO2 impacts (i.e. those stemming from the 
release of nitrogen oxides, water vapour, sulphates and soot 
particles at high altitudes) are accounted for.5 Despite their 

3 Finger, M., Montero-Pascual, J. J. and Serafimova, T. (2021), Na-
vigating towards the decarbonisation of European aviation, Policy 
Briefs, 2021/53, Florence School of Regulation, Transport. 
4 Oncarbon, 11 key takeaways from the IPCC report for travel indus-
try (2022), https://oncarbon.app/articles/ipcc-report-2022, accessed 
17/10/2022.
5 EASA (2020), Updated analysis of the non-CO2 climate impacts of aviation 
and potential policy measures pursuant to the EU Emissions Trading System 
Directive Article 30(4), 2020. 
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significance, to date these remain unregulated by any trea-
ty or agreement. Although emissions from international 
air travel fell by 45% in 2020 compared to 2019 and avia-
tion still faces an uncertain post-COVID-19 recovery, the 
International Energy Agency expects aviation to return to 
2019 levels in three years and then to continue to grow.6 
It goes without saying that such a scenario would be in-
compatible with EU climate neutrality ambitions and calls 
for deep transformations across the entire aviation value 
chain.

In recent years, we have observed a broad consensus 
emerging in the aviation industry, civil society, consumer 
and worker representation groups, and policymakers on 
the need to decarbonise the aviation sector in line with the 
European Green Deal objectives. The European aviation 
industry has demonstrated its commitment to achieving 
net zero carbon emissions through various roadmaps, in-
cluding its Destination 2050. More recently, this consen-
sus has also crystallised on a global scale: in October 2022, 
representatives of 184 States endorsed a global aspirational 
goal to reach net zero carbon emissions in aviation by 2050 
at the Assembly of the International Civil Aviation Or-
ganisation (ICAO) in Montréal, Canada. While this con-
sensus provides a momentous opportunity to introduce 
an ambitious regulatory framework for decarbonisation, it 
is also true that aviation has sustained a particularly pro-
found and prolonged blow as a result of the COVID-19 
pandemic. This, in turn, has severely impeded the sector’s 
to invest in greening technologies. Against this backdrop, 
the precise technologies and policy mix to achieve net zero 
emissions in aviation continue to be subjects of debate. 

The development of disruptive zero-emission propulsion 
technologies, such as electric and hydrogen-powered air-
craft, will have an instrumental role to play in decarbon-
ising the sector while contributing to the industry’s future 
competitiveness. Their introduction will, however, neces-
sitate major changes in the entire air transport system in 
terms of requiring the production of novel aircraft, chang-
es to airport infrastructure, airlines, air traffic management 
(ATM) and energy networks. While regional short-haul 
routes may host such aircraft by as early as 2035 and are, 
in fact, already providing an important testing ground for 
their development, it is likely to be a couple of decades be-
fore we see widespread commercial deployment on longer 
routes. 

6 Oncarbon, 11 key takeaways from the IPCC report for travel indus-
try (2022), https://oncarbon.app/articles/ipcc-report-2022, accessed on 
17/10/2022.

However, decarbonisation does not have a couple of dec-
ades to spare. In recognition of this, and given the absence 
of a silver bullet to cut aviation emissions, the EU is pur-
suing a ‘basket of measures’ in parallel. Although addition-
al fuel efficiency improvements can be achieved today by 
means of introducing more modern aircraft designs and 
improving ATM and operational procedures (e.g. flying 
more direct routes), low-carbon sustainable aviation fuels 
(SAFs) are widely seen as the most promising avenue to 
decarbonise a significant part of the aviation industry, par-
ticularly in the long-haul segment. Long-distance flights 
(over 4,000 km) account for the lion’s share of aviation 
emissions (half of all CO2 and NOx emissions)7 and con-
stitute the segment where modal shift policies will have a 
limited role to play. 

SAFs: great greening potential coupled with great bar-
riers 

In the short and medium term, an effective market in-
jection of SAFs will constitute a central measure to reduce 
aviation-related GHG emissions on a large scale. Unlike 
disruptive zero-emission technologies, SAFs are so-called 
‘drop-in fuels,’ which means that they can be blended into 
the existing fuel supply and are fully compatible with con-
ventional aviation turbine fuel, refuelling infrastructure 
and aircraft.8 Despite their identical technical properties, 
conventional kerosene and SAFs differ significantly when 
it comes to environmental performance. In addition to 
their significant GHG emission savings potential, SAFs 
such as electro-fuels and advanced biofuels can have a posi-
tive impact on both air quality around airports and climate 
change by reducing the formation of contrail-cirrus clouds 
and therefore the non-CO2 impacts of aviation.

Despite an enormous potential, SAF penetration rates 
stand at around 0.05% of total EU aviation fuel use to-
day. This can be attributed to the fact that SAF prices are 
roughly 3 to 5 times higher than those of conventional 
fossil jet fuel.9 This should be put against the backdrop of 
conventional fuel costs already making up a major portion 
(ca. 20-30%) of airlines’ total operational expenditure in 
what is a spending-cautious aftermath of the pandemic. 
The combination of these factors acts to discourage in-

7 European Union Aviation Safety Agency (2022), European Aviation 
Environmental Report 2022.
8 Pechstein, J., Bullerdiek, N. and Kaltschmitt, M. (2020), A “book and 
Claim”-Approach to account for sustainable aviation fuels in the EU-ETS – 
Development of a basic concept, Energy Policy, Volume 136, 2020.
9 Montero-Pascual, J. J., Finger, M. and Serafimova, T., (2022), Short- and 
mid-term covid-19 effects on the aviation sector: a competition law perspec-
tive, Policy Briefs, 2022/08, Florence School of Regulation, Transport.
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vestment in commercial production plants, which in turn 
is a key pre-condition for reducing SAF production costs 
through economy of scale effects and technological learn-
ing.10 To complicate things further, conventional jet fuel is 
tax-exempt, which exacerbates competition between SAF 
and conventional kerosene. Besides the prohibitively high 
price differentials, the burdensome and costly SAF approv-
al and certification procedures constitute another major 
obstacle to SAF market introduction. 

The Fit for 55 Package: an opportunity to kick-start 
the European SAF market

Promotion of renewable and sustainable transport fuels 
in the EU has been primarily regulated by two main piec-
es of legislation, the Renewable Energy Directive and the 
Fuel Quality Directive. Neither of these directives, howev-
er, contain provisions obliging the use of SAFs or incentiv-
ising increased use of them. Moreover, existing aviation-re-
lated instruments at the European (e.g. aviation taxes, the 
EU Emissions Trading System) and at the international 
(i.e. CORSIA) levels have fallen short of adequately bridg-
ing the economic gap between sustainable and conven-
tional aviation fuels. The state of in-sector decarbonisation 
underscores the need for policy intervention to overcome 
the technical and economic barriers to wide-scale SAF de-
ployment.11

In recognition of this, the Commission’s Fit for 55 Pack-
age puts forward three concrete proposals which could 
drive the achievement of Europe’s 2050 net zero objectives 
for aviation by increasing the cost of conventional kero-
sene and kick-starting the SAF market. These include the 
ReFuelEU Aviation proposal, which mandates the supply 
and uptake of SAFs at European airports, a proposal for a 
kerosene tax via revision of the Energy Taxation Directive 
and, not least, a proposal to strengthen the EU Emission 
Trading System (ETS) by phasing out free allocation to 
airlines. 

Under the ReFuelEU Aviation proposal, all aircraft refu-
elling at EU airports will be required to uplift a set percent-
age of SAFs blended with kerosene. This percentage will 
progressively scale up over time, starting with 2% in 2025 
and going up to at least 63% by 2050. Since electro-fuels 

10 Bullerdiek, N., Neuling, U. and Kaltschmitt, M. (2021), A GHG reduc-
tion obligation for sustainable aviation fuels (SAF) in the EU and in Germany, 
Journal of Air Transport Management, Volume 92, 2021. 
11 Pavlenko, N. (2021), An assessment of the policy options for driving 
sustainable aviation fuels in the European Union, Briefing, The International 
Council on Clean Transportation, 2021. 

are considered to have the highest decarbonisation poten-
tial, a dedicated sub-target is included in the proposal to 
de-risk and promote their introduction in the market. The 
mandate applies to all fuel sold in the EU and therefore 
covers all flights, including departing long-haul flights. 
This makes the ReFuelEU proposal a first of its kind, given 
that previously adopted decarbonisation instruments only 
covered flights within the bloc. If the SAF mandates are 
met net CO2 emissions could be about 50% lower in 2050 
than in 2019.12

…but careful design and implementation will be key

Nevertheless, and although the proposal is still being 
debated by national governments and the European Par-
liament, concerns have been voiced on various fronts, no-
tably regarding the level of environmental ambition, the 
potential risk of competitive distortion and that of carbon 
leakage resulting from increasing cost differentials between 
flying from EU hubs and non-EU-hubs. 

First, when it comes to the level of ambition, the two most 
contentious issues revolve around the percentage of SAFs 
to be mandated and the question of what exactly the term 
‘SAFs’ should cover. Whereas in its initial formulation, the 
proposal foresaw a blending mandate of 5% in 2030, re-
cent studies and industry commitments have shown that 
by 2030 SAF production levels can realistically increase to 
as much as 10% of total EU jet fuel demand. This claim 
has enjoyed support from national governments and in-
dustry alike. In fact, 60 companies in the value chain, in-
cluding 20 airlines, have already committed to achieving a 
10% SAFs blend by 2030. For instance, the International 
Airlines Group (IAG) and Ryanair have respectively com-
mitted to using 10% and 12.5% SAF by 2030.13 Indi-
vidual countries, including Norway (30% SAF blending) 
and Sweden (27% GHG reduction), have also introduced 
more ambitious mandates by 2030.14

Although it is feasible, a 10% SAF blending mandate by 
2030 would necessitate a number of supporting measures, 
such as preferential feedstock access for the aviation sector 
and a solid long-term policy framework to support both 
airlines and SAF production itself. Growing attention will 
also have to be paid to interactions and possible tensions 

12 European Union Aviation Safety Agency (2022), European Aviation 
Environmental Report 2022.
13 Ibid. 
14 International Energy Agency, Aviation Reports; https://www.iea.org/
reports/aviation, accessed 15/10/22.
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with other transport modes and sectors. Increased demand 
for SAFs may drive competition between multiple sectors 
for the scarce feedstock that makes up these low-carbon 
sustainable fuels, namely in the road transport sector. 

There are also differing views regarding what advanced 
and waste biofuel feedstock should be considered accept-
able to meet SAF targets. Policies will have to strike the 
right balance between being sufficiently ambitious, on the 
one hand, and setting realistic policy targets which are 
grounded in an assessment of feedstock availability and 
technology deployment, on the other. Moreover, to sup-
port the development of a SAF industry that is based on 
truly sustainable and low-carbon fuels the introduction of 
strict eligibility criteria for SAFs will be necessary to ensure 
that policy and financial support goes to fuels that offer 
meaningful GHG reductions. In doing this, the ReFue-
lEU Aviation proposal will have to ensure parallel objec-
tives linked to tackling deforestation, biodiversity loss and 
increasing food prices are not compromised. Such criteria 
will also be central to building confidence among investors 
and producers that investments in projects and technolo-
gies in the next decade can contribute to decarbonisation 
objectives long after 2030.

The second highly debated issue concerns the potential 
risk of competitive distortion, which would result from the 
fact that non-EU operators flying via non-EU hubs would 
not be confronted with the same fuel cost increase and, 
in some cases, with no cost increase at all. The incentive 
to circumvent EU hubs, where the SAF mandate applies, 
and therefore to use less efficient flight routings could risk 
undermining part of the CO2 emission savings achieved 
by the Fit for 55 proposals. This, in turn, would be ex-
acerbated by the fact that the current proposal does not 
foresee an adequate mechanism to mitigate the threat of 
fuel tankering, i.e. the practice of uplifting excess cheap 
fuel at one airport so as to avoid purchasing more expen-
sive fuel at another regulated airport.15 Under the current 
proposal, fuel providers would be obliged to supply the 
fuel at the airports affected, and airlines would only be in-
directly regulated when they purchase the more expensive 
SAF blends. 

As the inclusion of SAF is expected to increase aviation 
fuel costs, it is anticipated that fuel tankering may increase 
over time. By 2035, tankering could occur on almost 80% 
of international flights to and from EU airports, reduc-

15 Rutherford, D., Sola Zheng, X., Graver, B. and Pavlenko, N. (2021), 
Potential tankering under an EU sustainable aviation fuels mandate, Working 
Paper 2021-19, International Council on Clean Transportation.

ing SAF sales by 22% at EU airports and increasing sys-
temwide fuel use by 0.9%. Since competitive distortion 
mainly derives from a limited number of countries such 
as the UK, Switzerland, Turkey and the UAE, the adop-
tion of similar greening measures by these countries could 
help to partially mitigate tankering risks. A greater ICAO 
ambition of a global SAF target to complement its long-
term aspirational goal would be one means of mitigating 
competitive distortions and providing a clear signal to 
support investment in SAFs and alternative propulsion 
technologies. Other international mechanisms, such as Air 
Service Agreements (ASAs), could help to foster alignment 
on greening regulations and furthermore determine traffic 
flows to and from non-EU countries. For instance, in or-
der to mitigate potential carbon leakage risk, environmen-
tal criteria provisions could be included in bilateral ASAs 
between EU Member States and external countries. Alli-
ances, both public and private, must be built to convince, 
and perhaps even support, the rest of the world in embark-
ing on the same decarbonisation journey.

A systemic approach and coherence with other policy 
instruments 

Nevertheless, SAFs alone cannot be considered a silver 
bullet to decarbonise aviation. Aviation fuel policy on its 
own can reduce emissions only so much without comple-
mentary and coherent efforts regarding other policy levers, 
such as carbon pricing, energy taxation and air traffic con-
trol, among others. Careful design and coherence of all 
aviation legislation will be central to reducing investment 
risks while ensuring that the right incentives and a level 
playing field for all aviation players, from airlines to air-
ports, ATM and ground handlers, is guaranteed. 

Besides the need to ensure a strong demand signal 
through the regulatory framework, SAF production will 
require significant public financial support, which is esti-
mated to amount to roughly €120 billion over 15 years.16 
This support is required to both reduce the risks for pri-
vate investors and decrease the cost gap between SAFs and 
conventional jet fuel. Coherent design and implementa-
tion between the SAF mandates and other aviation in-
struments, notably the EU ETS and the Energy Taxation 
Directive, could help to bring about price parity between 
kerosene and SAFs more quickly by accelerating the phase-
out of free allowances for aircraft operators and removing 

16 Finger, M., Montero-Pascual, J. J. and Serafimova, T. (2021), Navigating 
towards the decarbonisation of European aviation, Policy Briefs, 2021/53, Flo-
rence School of Regulation, Transport.
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the tax-exempt status of kerosene. Conversely, the sale of 
ETS aviation allowances could be one means to generate 
a sufficient pool of funding to support first-of-a-kind SAF 
projects and scale up the industry.17 Another means could 
be allocating part of the overall amount of ETS allowances 
free of charge to the ‘early-mover’ airline operators uplift-
ing SAFs. Moreover, expanding the scope of the EU Tax-
onomy Regulation to include the sale and lease of more 
environmentally efficient aircraft and the manufacture of 
aircraft powered by SAFs could help to attract both public 
and private green finance to the sector.18

SAFs will eventually give way to zero-emission aircraft, 
namely battery-electric and liquid hydrogen driven ones. 
In parallel with securing the right regulatory and finan-
cial framework for SAFs, investment will therefore be nec-
essary to develop new aircraft concepts and a whole new 
energy system. With this in mind, airports will have to be 
equipped with dedicated storage and refuelling infrastruc-
ture to support the deployment of alternative aircraft tech-
nologies. Whereas EU lawmakers have hesitated to propose 
binding hydrogen and electric charging facility targets for 
airports, given the lack of certainty over how the technol-
ogy will develop, the ReFuelEU Aviation proposal could 
encourage their development by including electricity and 
hydrogen in its sub-target for synthetic electro-fuels. 

Nevertheless, it is probably unrealistic to believe that 
the ambitious decarbonisation objectives can be achieved 
without any reduction in demand. The higher costs of new 
fuels and green technologies will inevitably shift some de-
mand to cleaner transport modes, such as railways, which 
enjoy the lowest emissions per kilometre and unit trans-
ported in Europe. Although demand management is not 
an EU objective per se, it could well be a side effect of its 
policies if the cost of flying increases with more expensive 
fuels and higher ETS bills. High energy prices are like-
ly to lead to a rise in the price of all goods and servic-
es, which will impact European households’ capacity to 
travel as a whole. Besides punitive measures, investment 
will be needed to support alternative travel options such 
as high-speed trains. In the case of Italy, we have seen that 
improved frequency and connections on the Rome-Milan 
route coupled with the low cost of high-speed rail enabled 

17 Pavlenko, N. (2021), An assessment of the policy options for driving 
sustainable aviation fuels in the European Union, Briefing, The International 
Council on Clean Transportation, 2021.
18 Neiva, R., Horton, G., Pons, A., Lokesh, K., Casullo, L., Kauffmann, 
A., Giannelos, G., Ballesteros, M., Kemp, M. and Kusnierkiewicz, N., 
(2022), Investment Scenario and Roadmap for Achieving Aviation Green 
Deal Objectives by 2050, Research for the TRAN Committee, European 
Parliament, 2022.

by competition between train companies, have significant-
ly reduced the shares of air and road travel. 

The provision of transparent and reliable information has 
also proven its role in changing social norms around con-
sumption decisions, including travel decisions. While some 
airlines and travel agencies already disclose the footprints 
of their products, getting the entire sector to follow suit 
calls for obligations to provide environmental information, 
including on flight and alternative mode emissions, to po-
tential consumers. Labelling schemes could be another im-
portant instrument, although ensuring their effective im-
plementation and avoiding greenwashing will necessitate 
third-party verification tools and mechanisms. Not least, 
the transition to net zero emissions in aviation will have to 
be done in a socially just manner taking into account the 
vast differences in air transport demand between nations 
and individuals, considering regional specificities and the 
contributions of very frequent fliers, premium class travel 
and private jets.19 

Conclusions

Being one of the most technically difficult sectors to de-
carbonise, aviation does not have the privilege of picking 
and choosing its decarbonisation technologies and path-
ways. An entire ‘basket of measures’ will be paramount to 
cater to various segments of the market, from the deploy-
ment of SAFs and zero-emission aircraft technologies to 
improvements in ATM and operational procedures, more 
efficient aircraft design coupled with accelerated fleet re-
newals and market-based measures such as the EU ETS 
and CORSIA. Achieving climate neutrality by 2050 in line 
with the European Green Deal objectives will necessitate 
an ambitious and holistic approach involving all stake-
holders in the aviation value chain and beyond to acceler-
ate solutions to enable greener operations. 

SAFs will play a central role in the decarbonisation of 
vast portions of the aviation sector already in the short- to 
medium-term given their suitability for use by the existing 
global fleet and with the existing fuel supply infrastructure. 
The ReFuelEU Aviation Initiative will shape the develop-
ment of the European SAF sector and could become an 
important part of the policy landscape for decarbonising 
European aviation by fostering a reduction in SAF produc-
tion costs through economies of scale and technological 
advances. Additional economic incentives by market-based 

19 Gössling, S. and Lyle, C. (2021), Transition policies for climatically sustai-
nable aviation, Transport Reviews, 41:5, 643-658
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measures and the elimination of tax exemptions for jet fuel 
could further accelerate bridging the price gap between 
SAFs and conventional kerosene. Punitive measures will 
have to be complemented with significant public finan-
cial support and incentives to scale up SAF production in 
Europe. While SAFs will be the main decarbonisation av-
enue pursued for the long-haul segment in the immediate 
future, they should be viewed as a transitional fuel which 
will eventually give way to disruptive zero-emission aircraft 
fuelled by electricity or hydrogen. Bearing this long-term 
perspective in mind, the necessary infrastructure invest-
ments will have to be safeguarded with financial and policy 
instruments put on the table today. 

Up until the moment SAFs have become commercially 
available on a large scale, some shifts to cleaner modes such 
as railways are likely to be needed. This should be further 
encouraged by means of investment in high-speed rail and 
night train connections, information and awareness-rais-
ing campaigns empowering consumers to compare travel 
options on the basis of environmental footprints and to 
subsequently opt for the cleanest ones. 
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