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Abstract: Renewable energy sources (RES) will continue to play a key role in the process of deep decarbonisation of the energy sector
especially in the power branch. Effects of environmental, economic, social, political and technical factors condition the rapid deployment of
various sources of renewable energy-based power generation. In this case study the optional GHG reduction credit per equivalent tonne of
CO2 (tCO2) used in conjunction with the net GHG reduction to calculate the annual GHG reduction revenue of a 27MW wind farm located
in Qafé-Thané, Pogradec-Albania is analysed. As the future availability of renewable energy resources is not affected by their use, wind
power can address many questions related to sustainability and flexibility of the existing fuel powered technologies. Hence, cutting carbon
dioxide (CO2) emissions in Albania should be fully in line with the Paris Agreement including power sector especially. The proposed action
aims at developing a high-level promotion and market penetration strategy for RES, contributing to the mitigation of GHG in EU as well as
in the candidate countries including Albania. Furthermore, special support should be given to candidate countries in creating policies and

programmes to facilitate and promote RES technologies.
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1. Introduction

The idea for a clean, sustainable, flexible and environmentally
friendly energy system is quite impossible and unimaginable
without the promotion of renewable electricity as it is considered
the backbone of the global energy transition [1]. Encouraging of
renewable-sourced electricity systems is set to become the
dominant energy carrier in the global energy system and will play
a major role in decarbonising of energy sector.

As a consequence, huge investments in power generation systems
and infrastructure are needed. Despite cost declines and continuous
policy support, faster wind growth hinges on resolving social
acceptance, permitting and grid integration problems [2] The cost
of manufacturing wind turbines and PV has plummeted
dramatically in the last decade, making them not only affordable
but often the cheapest form to be replaced and integrated in
existing power systems. The cost of electricity from onshore wind
continues to decrease, with the global average falling to $53/MWh
in 2019 due to advancements in turbine design, capacity factors are
rising, making projects bankable even in areas with low wind
speeds including Albania.

This article presents a 27MW wind farm located in south-east part
of Albania and will contribute to the diversification of energy
sector with the main aim to achieve 2030 emission reduction goals
by 11.5% in 2030 following the European Green Deal [3]to cut
greenhouse gas emissions 55% by 2030. This increased level of
ambition for the next decade will put the EU on a balanced
pathway to climate neutrality by 2050. This article presents a
detailed analysis of 27MW grid-connected wind farm with the aim
to extend its capacity in the future, but this will be one of the most
potential location in the south-east part of Albania given in [4]
including environmental impact such as GHG emissions. The
improvement of grid reliability and limitation of power outages,
protection of critical loads, independence of foreign supply, and
increased energy security coupled with a fixed energy cost which
is immune to future tariffs and fossil fuel costs increases [5].
Albania offer a very favorable geographic position for fostering
and developing such environmental friendly energy types for
electricity generation. Albanian electricity system is totally based
on HPP with a total installed capacity of 2,275MW. Total
electricity generation capacity of the public company KESH sh.a.
is 1448 MW and constitutes about 63.47% of the total power
installed in our country. The use of different RES sources for
energy production represents a long-term objective for
implementation of three objectives of the country energy policies,
such as: support for the overall economic development; increase of
the security of energy supply and protection of environment. In the
other hand the depletion of fossil fuel and the negative effect on
the environment as well as the potential techno-economic merits of
"hybrid combinations" identified as a good solution moving
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towards reliable and more feasible energy systems based on
renewables [6].

Continued emissions of greenhouse gases will cause further
warming and changes in all components of the climate system.
Limiting climate change will require substantial and sustained
reductions of greenhouse gas emissions [7].

Wind power plants have a lifespan of roughly 20-25 years so that
optional GHG reduction credit, per equivalent tonne of CO, (tCO,)
in conjunction with the net GHG reduction can be used to calculate
the annual GHG reduction revenue. Prices for GHG reduction
credits, per equivalent tonne of CO, (tCO,), vary widely depending
on how the credit is generated and how it will be delivered to
achieve the most feasible option in RES projects.

1.1 Site background and installation of proposed access point
antennas.

The facility and installation site of the proposed wind farm area is
around 22 km square geographically located at (Lat, Long)
41.04110°, 20.59580°, in Qafé-Thané, Pogradec near the border
with North Macedonia, as it is shown in figure 2.
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Figure 1: Wind power plé}]t location. Qafé-Thané, Pogradec,
Albania.

The specific weather data and wind potential of the proposed
location is given in the previous study [8]

1.2 Renewable Energy Resources and Support Policies

In the last 15 years has been rapid progress in the development of
RES exploitation technologies in Albania [4]. Developing wind
energy in Albania requires 2000MW investment in wind capacities
as at present there are no wind generations in the country [9]. Wind
potential areas such as Shkodra (Velipoja, Has), Kukes, Lezha
(Ishull Shengjin, Tale, Balldre), Durres (Ishem, Porto Romano),
Kavaja (Kryevidh), Fier (Seman), Karavasta (Hoxhara, Hoxhara
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2), Vlore (Akerni), Saranda, Kor¢a and Tepelena are identified.
The main existing constraints such as altitude, site accessibility,
infrastructures, natural protected areas, distance less than 10 km
from the national power grid and less than 5 km from the national
road to the actual wind speed and wind potential of the proposed
wind farm are applied. Renewable energy sources, including solar,
wind, hydro, biofuels and other future renewable sources are at the
centre of the transition towards a less carbon-intensive and more
sustainable energy system [10]. Action to reduce the impact of
climate change is critical so that "The Paris Agreement" sets a goal
to limit the increase in global average temperature to well below
2°C above pre-industrial levels and to attempt to limit the increase
to 1.5°C. Implicit in these goals is the need for a transition to a
low-carbon energy sector, which accounts for two-thirds of global
emissions. RES, coupled with energy efficiency gains, can provide
90% of the CO, emissions reductions in the roadmap to 2050.
Renewable energy is therefore a key component of Nationally
Determined Contributions (NDCs) — the central implementation
tool for countries under the Paris Agreement including Albania. At
present, the level of detail contained in NDCs differs from country
to country, with little in-depth analysis and limited quantitative
information about the role of renewable energy in meeting
greenhouse gas (GHG) emission reduction targets [11].

To be fully in line with Paris Agreement target, Albania is working
and making real efforts to reduce electricity import, improve its
security of supply. The Albanian ministry of Energy and
Transportation and national energy institutions has compiled the
"The National Energy Strategy 2018-2030", consisting on 6
possible scenarios of energy's transition process toward a
sustainable and reliable energy by shifting Albaniato
decentralized renewable energy market, and energy efficiency.
This strategy, requires a RES of 42% to the total energy
consumption by the end of 2030. The RES share actually is
approximately 30%. The first goal can be achieved by large scale
integration of RES capacities, especially wind generation
capacities[4]. The RES share in global electricity generation
reached almost 27% in 2019, renewable power as a whole still
needs to expand significantly to meet the SDS share of almost half
of generation by 2030 which requires the rate of annual capacity
additions to accelerate [2]. This will enable the EU to move
towards  aclimate-neutral  economyand  implement its
commitments under the Paris Agreement by updating its
Nationally Determined Contribution.
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Figure 2: World Total Installed Capacity Trends and generation
for on shore & Of shore wind farm [IRENA, 2020]

In the graph in figure 2 the global installed wind capacity is given.
The growth of wind capacity worldwide tends an exponential
progress and results 3.5 times more in 2019 compared to 2010
generating 1,194,718 GWh of electricity.

2.0 On - Grid wind systems applications

The economic benefit is assessed based on the LCOE which
represents a good starting point to compare benefits and
competitiveness of different technologies [12]. Different studies
have demonstrated that a WPP system combined with PV offer
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relatively lower LCOE than traditional fossil fuel based energy
plants in Germany [13]

3.0 Materials and Methods

Actually, there are several models available for conducting a set of
analysis including environmental impact and benefits. RETScreen
Expert is a clean-energy awareness, decision-support and capacity-
building tool [14]. This model helps us as energy planers in
national level to determine the annual reduction in the emission of
greenhouse gases stemming from using the proposed technology in
place of the base case technology. The model uses a computerized
system with integrated mathematical algorithms and top to bottom
approach which has been developed to overcome the barriers to
clean energy technology implementation at the preliminary
feasibility stage. It provides a cost analysis, GHG emission
reduction analysis, financial summary, sensitivity analysis,
provides a low-cost preliminary assessment of RES projects with a
small set of a detailed information.

Methodology 2 as the more suitable to perform the techno-
economical analysis is chosen [4,14].

3.2 Emission reduction analysis

The model performs a GHG emission reduction analysis depending
on whether the clean energy system under consideration generates
electricity or provides other energy requirements. The only
difference lies in transmission and distribution losses, which are
incurred only by electricity generating systems. The reduction
Achg is calculated as follows in equation 1:

AGHG = (ebase - eprop ) Eprop (1_ /’mep)(l_ ecr) ()]

where ey, is the base case GHG emission factor, ey, is the
proposed case GHG emission factor, E,q, is the proposed case
annual electricity produced, Ayqp is the fraction of electricity lost in

transmission and distribution for the proposed case, and e the
GHG emission reduction credit transaction fee.

3.2.1 GHG emission factor

Starting point for the base case electricity generation system
strictly requires the calculation of the GHG emission factors,
defined as the mass of greenhouse gas emitted per unit of energy
produced. For a single fuel type, the following formula in equation
(2) is used to calculate the base case electricity system GHG
emission factor, ep,ee:

Chase = (eco2 GVVPCO2 + eCH4GWPCH . T eNZOGWPNZO )
)
nl-A4

where ecop, €chs, and eynyo are respectively the CO,, CH,; and
emission factors for the fuel/source considered, GWPcq,, GWPcpa,
and GWPy»o are the global warming potentials for CO2, CH4 and
N20, n is the fuel conversion efficiency and A is the fraction of
electricity lost in transmission and distribution. The GHG emission
factor will vary according to the type and quality of the fuel, and
the type and size of the power plant. If there are supposed a
number of fuel types or sources, the GHG emission factor ey, for
the electricity mix is calculated as the weighted sum of emission
factors calculated for each individual fuel source as it is given in
equation (3):

n
ebase = Z fiebase,i
i=1

where n is the number of fuels/sources in the mix, f; is the fraction
of end-use electricity coming from fuel/source i, and ey, i is the
emission factor for fuel i, calculated through a formula similar to
equation (2):

®3)
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Chasei = (ecoz,iGWPc02 +€gp, CWR, +8y0:GWR, o )ﬁlf i

where ecoz,i' eCH4,i and eNZO,i are respectively the CO2, CH4

4)

and N,O emission factors for fuel i, 7,i is the fuel conversion

efficiency for fuel i, and A,iis fraction of electricity lost in

transmission and distribution for fuel i.

The GHG emission factor for the electricity mix will apply from
year 1 up to the year of change in baseline, as specified by the user,
unless no changes are specified; in this case, the emission factor
will apply throughout the life of the project. When a change in the
baseline emission factor is specified, the new factor for the year
that the change in baseline takes place, and the years that follow
will be determined by (e*):

€ base — ebase rchange (®)
where I’Change is the percentage change in the base case (baseline)

GHG emission factor for the year that the change in baseline takes
place, and the years that follow.

3.2.2 GHG emission factor — proposed case electricity system

The calculation of the proposed case electricity system GHG
emission factor, €y, is Similar to that of the base case GHG
emission factor, with the exception that for off-grid systems the
fraction of electricity lost in transmission and distribution is set to
Zero. ey is therefore calculated through equation (2) with A=0, in
the case of a single fuel/source, or through equations (3) and (4)
with all 2;=0, in the case of a mix of fuel/sources. Alternatively, the
proposed case GHG emission factor of 3%, before transmission
and distribution losses are applied.

4.0 Simulation and results

Emission factors will vary for different types and qualities of fuels,
and for different types and sizes of power plants. The electricity
mix factors thus account for a weighted average of the fuel
conversion efficiencies and T&D losses of the different fuel types.
For fuel type selected, diesel 6, 100% single fuel mix, units are
given in (kg/GJ) shown in table 2.

Table 2:Emission factors for the chosen fuel type in the
(Diesel 6)

study
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Firstly, the baseline case consider a diesel 6 fuel type Genset which
has a typical electricity generation efficiency of 28.6% and CO,
emission factor results 278.9kg/GJ. Specific emission factor for
N,O for the selected fuel type is 0.0019kg/GJ and 0.0029kg/GJ of
CH,.

The GHG emission factor results 1.01 kgCO,/kWh suposing a 7%
T&D losses.
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Table 4: Calculation of CO,, CH, and N,O for the base case
system.
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From the previous study [8] the most feasible scenario among 14

considered results scenario 6 given in the table 3.
The total electricity generation results 61020 MWh/yr and implies
two different wind technologies Vestas and Wind To Energy.
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The model calculates the GHG emission for the base case system
by multiplying the annual system losses by the global warming
potential. The annual GHG release in environmental results
61759.48 tCO2.

4.1 GHG reduction credit

In this case study the optional GHG reduction credit, per
equivalent tonne of CO, (tCO,) is considered. It is used in
conjunction with the net GHG reduction to calculate the annual
GHG reduction revenue. Prices for GHG reduction credits, per
equivalent tonne of CO, (tCO,), vary widely depending on how the
credit is generated and how it will be delivered. Other factors
which have an impact on price may include: voluntary or
mandatory emissions reduction; private or public purchase of
credits; credits traded within, for example, the European Union
Greenhouse Gas Emission Trading Scheme (EU ETS), other
national, transnational, or regional schemes; type of technology
used to generate the emissions reductions. As of May 2014, prices
including rates for carbon taxes varied between $1 to $168 per
tonne of CO, [15].

The model escalates the GHG reduction credit rate yearly
according to the GHG reduction credit escalation rate starting from
year 1 and throughout the GHG reduction credit duration as it is
given in the table 4.
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Table 4: Assumptions and calculation of the GHG revenue

Unit Value
GHG reduction credit rate $/tCO2 25
GHG reduction credit duration yr 25
GHG reduction credit escalation rate % 2.0
Gross annual GHG emission reduction  tCO2 57436
GHG credits transaction fee % 2.0
Net annual GHG emission reduction tCO2 56288
GHG reduction revenue $ 1407190

Carbon credit instruments often coexist with other heterogeneous
policies that may directly or indirectly contribute to reducing GHG
emissions by addressing areas such energy or infrastructure. In our
study they have to be planned to interact and complement other
strategic priorities at local and national levels. The GHG reduction
credit duration is acceped to be applied all into the whole lifetime
of the proposed WPP system supposing a reduction credit
escalation rate of 2.0%. From the calculation in the model the net
annual GHG results 56288tC0O2 leading to 1407190$ of GHG
reduction revenue. The credit transaction fee of 2% is accepted. In
the graph in figure 3 the results carried out from the simulations of
the proposed WPP with a net power capacity 27MW compared to
that of the base case (diesel 6) is given. The base system, release
61759.48tC0O2 while the wind power scenario can reduce the GHG
to 57436.32 tCO2 per year.
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Figure 3: Results of the simulation of the baseline scenario system.

The simulation shows that an amount of 93% tCO2 compared to
the based fuel power system equivalent to 10519 of cars and light
trucks not used or 13054 acres of forest absorbing carbon is
reduced.

7. Conclusion

Various aspects related to an on-grid WPP of 27MW located in
Qafé-Thang, Pogradec, Albania including a universal
understanding of the GHG emission related factors that makes the
mitigation process easy going is analysed. In this paper, the
feasibility of proposed WPP with a capacity of 27MW, discussing
its potentiality effectiveness by applying a GHG reduction rate of
25%$/tCO2 and many other parameters within a sensitivity analyses
are performed.

The impact of such incestives schemes in the Albanian power
sector is very deterministic and should be at the center of energy
transition process in Albania. The model calculates the annual
GHG reduction revenue which represents the revenue generated by
the sale or exchange of the GHG reductions. It is calculated from
the annual net GHG reduction and the GHG reduction credit rate.
The annual value of GHG reduction revenue 1407190 and
escalated by a GHG reduction credit escalation rate of 2%.

As a conclusion, WPP should be a key center technology option
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and solution in the way to deep decarbonisation of the power
sector in Albania, hence the carbon credits of $25/tCO2 giving a
net specific emission reduction of 2084 tCO2/MW per year should
be applied.
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