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the time in which the consumption is made. The objective
of hourly differentiation is to avoid peaks in electricity

Abstract. The objective of this work is to evaluate the effects
of different energy policies designed to favor decarbonization by
increasing renewable sources. In particular, the implementation demand, benefiting with a lower price those users who
of energy efficiency policies and the application of hourly transfer their electricity consumption in the hours of

differential electricity tariffs. The Open-Source Energy greatest demand to the hours of lower demand, when the
Modelling System (OSeMOSYS) has been adopted to visualize production and distribution of electricity is cheaper [7].
the effects of each of the actions in the short, medium, and long

term, from 2024 till 2046. Although the TDT does not seem a real energy saving,

but only economic, the improvement of the distribution
of demand throughout the day avoids over-sizing the park
of plants or building new ones. The use of specific plants
to meet consumption demands at peak times is reduced
and base plants are used near the optimum point for
longer [6, 7].

From our results, the application of hourly differentiation tariffs
does not favor either the increase in the implementation of
renewable sources or decarbonization processes. The
implementation of energy efficiency policies (1-1.25% annual
demand decrease), in the long term, allows to reach 80% of
energy production from renewable sources. In all the scenarios,
the energy sources with a greater level of intermittency, such as
wind or solar, strongly increased their contribution in the
medium-term, thereby stabilizing their long-term contribution. and final consumption. This objective relies in transport
Finally, the implementation of photovoltaic solar energy becomes and distribution electricity improvements, more efficient
necessary only in the long-term. It seems clear that this electrical appliances and several building retrofits. Such
contribution, up to 20% of the renewable, is associated with the evolution has already taken effect in Europe so far,

achieving a 29% reduction so far respect levels in 1990.
New goals want to improve the final consumption

Energy efficiency politics aim to decrease both primary

Key words. Sustainable Transition, OSeMOSYS, reduction until a 36% to 2030 [5].
Decarbonization,  Energetic ~ Efficiency,  Energetic
Tariffing. The question to be addressed is to evaluate to what extent

. the policies designed are useful for achieving the goals
Introduction for which they were programmed, not only currently, but
also in the medium and long term.
Ensuring a clean and adequate supply of energy has been a

major concern in recent years and this have been On the other hand, any energy policy entails changes in
acknowledged among the Sustainable Development Goals consumption distribution and therefore production needs,
[1, 2] and giving rise to initiatives such as the European which will affect energy mixing. The aim of this work is
Green Deal [3]. It is the latter that points, among others, to evaluating the implications that the aforementioned
the Fit for 55 goal: a 55% reduction in emissions by 2030 policies induce in the composition of energy mixing,
compared to 1990 [4]. capacity installed, system costs, and emissions.
To ensure decarbonization processes, two main directions There are currently different models sufficiently
are leading current trends: implementing hourly validated that allow to evaluate, in the medium / long
differentiation tariffs [6, 7] or promoting energy efficiency term, the multidimensional implications of the different
measures [3, 4, 5]. possible scenarios for a sustainable energy transition.
Among them, OSeMOSYS [8] has demonstrated its
The electricity tariff with hourly differentiation is a tariff predictive capacity.

(TDT) in which the price of electricity varies depending on
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Several scenarios reproducing proposed energy policies
are constructed and evaluated [3, 4]. For each, the
renewable contribution to global energy demands, as well
as the capacity needs, costs, and associated emission
levels, have been evaluated. The new scenarios have been
compared to a pattern scenario in which no type of
improvement policy is incorporated. This makes it possible
to determine the main trends driven by the proposed
policies. The temporal evolution between 2023 and 2046 is
considered.

Methodology

In the present work, OSeMOSYS is chosen as energetic
modelling tool. A fictional framework, named Atlantis [9,
10] is considered as starting Reference Energy System.
Atlantis has proven to be representative for both
developing and developed country in a g-local (local to
global) spectrum.

A. Energetic modelling tool: OSeMOSYS

0SeMOSYS is a dynamic, bottom-up linear optimization
model with a medium-to-long time horizon that is used for
integrated evaluation and energy planning. This modeling
tool computes the energy supply mix in terms of
generation capacity and delivery, while also fulfilling
demand for energy services throughout the year and at
each step of the case under inquiry by optimizing the
overall discounted costs on a global basis [8].

The total cost includes the capital, fixed, variable, and
emission costs. The variable cost is related to the expenses
in fuel, while the fixed cost accounts for the maintenance
of the existing capacity. The capital cost factors
investment in new installed power capacity. And the
emission costs allow the introduction of pollution
penalties.

Linear optimization is linked to diverse input variables that
are related to technological constraints, economic realities,
or environmental aims; as a result, it relies on a single
decision-maker, flawless foresee, and competitive markets.

C. Case of Study: Atlantis

Atlantis is a fictitious country developed by the
0SeMOSYS community as an example for validation and
software control.

Atlantis energy modelling system parameter data is
described in [9, 10, 11], specifying the different full
characteristic of the technologies under consideration. No
storage technology has been incorporated. Both
Transmission and distribution grid losses are accounted.

To bring the work closer to current trends, costs for wind
and solar are actualized [12, 13, 14]. In addition,
operational life of nuclear installations is set to end on
schedule in 2036, in accordance with Spanish integrated
plan of energy and climate [15, 16].

https://doi.org/10.24084/repqj21.385

The energetic demand is categorized in industrial,
residential, and services. Figure 1 shows the
corresponding energetic demand shapes [9, 10]. To
consider the seasonality of demand, we have worked
under the following hypotheses:
e Three annual seasons: 6 months of winter and 3
months for both summer and intermediate.
e Two daily divisions: day and night. Day and
night are distributed as 16 and 8 hours
respectively.

N Interm. Day W Interm Night W Summer. Day
W Summer Night Winter Day W Winter Night
0.45
0.4
0.35
0.3 ——
0.25 ——
0.2 —
0.15 —
0.1 ~
0.05 ~
04
Industry Residential Services
Figure 1. — Distribution of the energetic demand during the year

(%)

For the emission calculation, Atlantis database was
revised and, instead, cradle-to-crave emissions were
considered for most of the technologies [17, 18], with
diesel technologies being the exception [19]

D. Definition of Scenarios

1) Standard scenario (STD). Also called “Business
As Usual scenario”. No changes are applied
with respect to the Atlantis base, so that the
trend of demand grows annually and
tariffication is constant.

2) Differential tariff (DT). Scenario based on the
implementation of a differentiated hourly
electricity tariff, leading a flattening on the
consumption shape. The change only applies to
residential demand, as industrial demand is
constant and consumption in services is not
adaptable. Therefore, as a working hypothesis,
the residential demand curve is considered flat
throughout the day.

3) Energetic efficiency (EE). This scenario
evaluates the implementation of measures such
as the usage of high efficiency technologies or
practices and improvements on electricity
transmission and distribution. As working
hypothesis, we suppose a yearly linear reduction
of 1% till 2030 increasing to 1.25% in the period
2030-2045, which goes in line with the annual
reduction expectations for Europe [5].

2. Results

The goal of this work is to evaluate the effects of
application of different energy policies favouring the
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increase in the use of renewable sources and the
corresponding decarbonization of the energy mix. For this
reason, the energy production per technology has been

evaluated for each scenario.

A. Standard scenario (STD)

Standard scenario (Fig. 2) is characterized by the high
contribution of fossil fuels and large hydropower plant in

the short-term.
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Figure 2. — Annual energetic production for each technology in
STD scenario.

The medium-term trend is the growth of both wind and

nuclear energy contribution, as well a small contribution of

solar PV. The closure of nuclear plants induces a gradual
growth of the solar energy. In the long-term, both fossil
fuel and hydropower technologies took a role of covering
the needs mainly due to the intermittency of solar and
wind renewable sources.

B. Differentiated hourly electricity tariff scenario (DT)

The main remark (see figure 3) is the lower contribution of
nuclear plants with respect to the STD scenario.
Otherwise, the behaviour is completely similar to the
previous scenario during the complete period under study.
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Figure 3. — Annual production for each technology in DT
scenario.

The deficit associated with the nuclear contribution is
covered in the short and medium term by fossil fuels.

C. Energy efficiency (EE) scenario

https://doi.org/10.24084/repqj21.385

Figure 4 shows how the implementation of policies of
energy efficiency induces a long-term decrease on the
global demand, as expected.

Regarding the commitment between the different
technologies to fulfil the demand, it is observed how, in
this scenario, wind and nuclear energies leads the energy
mix. A lower contribution from hydropower plants has
also been observed.
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Figure 4. — Annual energetic production for each technology in
EE scenario.

D. Energy mix comparative between the proposed
scenarios

In the previous sections, the short, medium, and long-
term trend has been qualitatively evaluated.

To highlight a comparative study, Figure 5 shows the
percentages of contribution of each technology in three
representative years: 2024 (currently), 2030 (medium
term) and 2046 (long-term).

| 2024 | 2030 | 2046
2% 2%

13% 17%

13%

23%

17%

13%

26%

41%

Wind Solar PV W Nuclear

W GaszSingle Oycle ‘Gascombined Cyde B Integrated Gas Combined Cycle

= Mini Hydropower m Llarge Hydropower m Heavy Fuel

Figure 5. — Percentage of energetic contribution of difference
technologies.
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Table | shows the contribution of the different energetic
sources categorized in renewables, nuclear and fossils.

Table I. - Percentage of each source in the energy mix

Year 2024 2030 2046

(%) | RE | Nuc | Fos | RE | Nuc | Fos | RE | Nuc | Fos

STD | 66 9 25 | 55 | 13 | 32 | 68 0 32
DT | 64 5 31 | 53 6 41 | 57 0 43
EE | 49| 17 | 34 | 49| 18 | 33 | 79 0 21

Starting with the global implications, evaluating table I, it
should be noted that in no case does the application of
hourly differentiation tariffing favour renewable sources.
In fact, fossil fuel participation appears to be increased.
This effect can be associated with the lack of solar
resource during the night, when demand in DT scenario is
increased. And hence the first conclusion: it does not help
to improve expectations. The inclusion of storage systems
would change this trend.

The implementation of initiatives favouring energy
efficiency policies looks more effective in achieving the
targets. Moreso, although in the medium term the effects
are small, in the long-term, this type of initiative allows to
reach 80% of energy production from renewable sources
with lower dependence on fossils. As in the previous case,
the installation of storage systems even will reinforce the
tendency.

Distribution of each renewable source can be seen in Table
I1. In all scenarios, solar energy appears only weakly at the
medium term. The implementation of photovoltaic solar
energy, even if limited to 20%, becomes necessary only in
the long-term. Previous studies [20] show how solar is not
competitive in poorly irradiated areas such as the Atlantis
assumption. As for hydraulics, its loss of dominance over
time is consistent with the expected decrease in water
resources associated with the climatic change.

Table II. - Percentage of each renewable energetic source
contribution.

Year

2024 2030 2046
Wind |

19.7

e | Py
STD | 0

Wind
32.7

Hydr PV Wind
63.6 19.1 25

Hydr PV
80.3 3.6

Hydr
559

DT 0 234 76.6 1.8 34 64.2 19.4 254 55.2

" EE 0 362 | 638 0 551 | 449 | 164 | 519 | 316 |

As first remarks, the application of renewable energy has
no appreciable differences between DT and STD along the
time.

As for EE, the differences are remarkable: in the short and
medium term, the strong performance of wind energy is
already highlighted against the lower application of
hydraulics. As for the long term it favors the installation of
wind over solar and hydropower.

E. Installed Power comparative.
If well in previous section the share of production of each

technology was evaluated, it’s also from interest to
evaluate the need of new power installation (named
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installed capacity). Figure 6 and 7 summarize the results
of the different energy sources in the short, mid and long
term for DT and EE scenarios respectively, along with
STD.

In particular, the most remarkable point is the
maintenance and even increase of installed power in DT
scenario respect STD, specifically from fossil fuels. This
trend goes against some expectations, which claims the
reduction of capacity need due to the decrease of demand
in the hours of maximum power demand [6, 7]. These
results, if well coherent, could be affected by limitations
in Atlantis’ realism in the demand distribution, as night
demand was already higher than day demand when
considered in terms of power instead of energy.

On the other side, as expected, EE scenario shows
smaller power needs than STD. It can also be seen that
fossil capacity used in the medium term still operative in
the long term, which could be useful for grid stabilization
at the view of the high amount of renewable production
(although not considered as a working hypothesis).
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Figure 6. — Power capacity existent of each source in 2024,
2030 and 2046 for STD and DT scenarios.
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Figure 7. — Power capacity existent of each source in 2024,
2030 and 2046 for STD and EE scenarios.

Reduction of installed power in 2030 respect to 2024
comes partially from the shutdown of old installations
that are considered in the in Atlantis® starting system,
specifically: 0.15 GW from diesel generators (not
distributed), 0.03 from heavy fuel technology, and 0.3
GW of large hydro [9, 11].

F. CO2 Emissions comparative between the proposed
scenarios
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Given the current paradigm of promoting measures to
mitigate climate change, reducing polluting emissions is
crucial. Table IV shows the global CO2 emissions
integrated in the period under study for each scenario.

Table 1V. — Total modelled period emissions (CO, Mton).
Scenario STD DT EE
Tot. Emiss. (Mton) | 15.31 | 16.27 | 10.93

The application of energy efficiency measures is
associated with a decrease in global emissions close to a
30% respect to the STD. Conversely, as expected, the
differentiated tariff even increases the level of pollution
(until a 6%) because of its greater participation in fossil
sources.

As for the evolutionary trend of the emission, Figure 8
shows how although the EE scenario appears to be more
polluting in the short medium term, the situation changes
drastically in the long-term, obtaining the most favorable
outlook. Remarkably, DT scenario achieves smaller
emissions that STD in the last years, even relying in a
higher amount of fossil fuels. This is because it choses
natural gas combined cycle over the most emissive coal
technology (integrated gas combined cycle). However, DT
scenario is the most emissive considering the entire period.
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Figure 8. — Emission per energy produced (Mton CO2/PJ).
G. Comparative costs

The economic characterization of the different scenarios is
shown in Table V. In particular, the overall global costs
and the corresponding investments in repowering the
current capacity (named capital investment) both
integrated along the modelled period. Highlight the
savings of around 50% achieved by energy efficiency
measures associated with the lower need for repowering
(see figure 9 for details). However, it’s important to
remark that only the costs associated with the energetic
generation system are considered. Meanwhile, other costs
(such as the ones of building retrofits and electrical
appliances) are needed for the application of energy
efficiency policies [21].

Table V. — Total modelled period capital investment and total
cost (Millon $).

Scenario STD | DT EE
Tot. Global Cost (Millon $) | 4158 | 4210 | 2256
Tot. Cap. Invest. (Millon $) | 2732 | 2765 | 1282

As expected, no significant differences are observed when
hourly differentiation tariff is applied.

https://doi.org/10.24084/repqj21.385

537

Figure 10 shows the annual cost which includes
production, maintenance, and employment costs (called
variable and fixed cost respectively). With respect to the
STD, DT scenario appears slightly more expensive,
probably because of both the higher fraction of fossil
fuels and repowering needed.
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Figure 9. — Mean capital investment each year during the
simulated decades: 2020-2029, 2030-2039, and 2040-2046
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As expected, the EE scenario, with a mix leaded by
renewable sources and without new power installation,
would be the less costly.

4. Conclusions

In this work, the effects of application of different energy
policies favouring the increase in the use of renewable
sources and the corresponding decarbonization of the
energetic mix have been evaluated.

The two most popular directions of current policies
trends, that is, promoting energy efficiency measures or
implementing hourly differentiation tariffs, has been
modelled using the OSeMOSYS utility. The different
transition scenarios have been applied and evaluated in
the frame of a fictional country called ATLANTIS (well
representing a global north country). Short-, medium-
and long-term evolution has been studied and compared.

On the main findings, the effects of the application of
hourly differential tariffing are negligible with respect to
a flat tariff, except for a higher dependence (around 10%)
on the fossil fuels. This comes with a 6% of increase in
emissions during the modeled period, although the use of
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natural gas over coal the last years makes it slightly less
polluting than STD. Differential tariffing also fails in the
reduction of the generation capacity needs (and therefore
at the reduction of investment and maintenance). This is
probably a consequence of moving the demand towards
hours with smaller solar power, requiring a system for the
day and the night or storage implementation (which was
not evaluated in this paper). Last results encourage a
precise calculation taking into account peak hours of
demand to ensure the viability of renewable energy
increases along differential tariffing. Better evaluation of
the consequences in transmission and distribution grids
could provide some advantages to this politic.

As for the promotion of energetic efficiency policies, are a
promising opportunity to ensure decarbonization. In fact,
supposing a decrease of consumption of 1-1.25% annual,
an energetic mixing where the 80% of the global demand
are covered by renewable energetic production can be
achieved. In this case, wind technology will lead the
contribution (51%), being the solar PV limited to 20%.
Such shares of renewable production, however, come with
further stabilization needs, making necessary an evaluation
of those consequences over the energy mixing, capacity
installed, and costs. Some thermal plants used for energy
production during the transition process to a smaller
consumption could still be providing support in that
matter. Cost reduction reach a 53% of the STD cost during
the entire modeled period in the generation system.
However, this doesn’t account the necessary cost to
achieve the energy efficiency.
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