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Electricity demand is strongly dependent on the ambient air temperature
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Relative amplitude of the daily electricity demand r = (Epeak - Enight)/Edaily 
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Roshydromet quality-checked archive of stations observations

Daily resolution

Preprocessing of the raw meteorological records: dates completeness check, 
management of the missed observations etc.

Dates considered: the time span between 1945 and 2018
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Roshydromet quality-checked archive of stations observations

Daily resolution

Preprocessing of the raw meteorological records: dates completeness check, 
management of the missed observations etc.

to be wrapped as R-package

Dates considered: the time span between 1945 and 2018
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Kolmogorov-Smirnov (KS) criterion: testing central part of the termperature 
probability distribution 

Maximum distance between cumulative distribution function corresponding to 
the tested samples

Anderson-Darling (AD) criterion: modification of the K-S test with more 
weight to the tails

20-years testing time spans: 1945-1964, …, 1999-2018

Aggregation by seasons
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Detrending of the original dataset was found to be quite essential

Raw data Detrended data

K-S testing results for the summer season
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Normalised temperature values were considered 

Low p values mean considerable evidence agains stability of the probability distribution function 
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K-S testing results for the winter season

Red circles are the stations with changes in probability distribution functions 
on 10% confidence level 
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K-S testing results for the spring season

Red circles are the stations with changes in probability distribution functions 
on 10% confidence level 
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K-S testing results for the summer season

Red circles are the stations with changes in probability distribution functions 
on 10% confidence level 
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K-S testing results for the autumn season

Red circles are the stations with changes in probability distribution functions 
on 10% confidence level 
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A-D testing results for the winter season

Red circles are the stations with changes in probability distribution functions 
on 10% confidence level 
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A-D testing results for the spring season

Red circles are the stations with changes in probability distribution functions 
on 10% confidence level 
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A-D testing results for the summer season

Red circles are the stations with changes in probability distribution functions 
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Title of the conference

Fig. 4. Simulated frequency distribution compared to the real 

ones: number of hours for each temperature gradation.

2.3 Modelling of the cogeneration plant 

A  combined-cycle  gas  turbine  cogeneration  power
plant was assumed for the further thermal analysis. This
kind of power plants is a modern alternative to the power
plants  of  older  generation  [14].  Replacement  of  the
steam-electric power plants with the combined-cycle ones
is the main renovation strategy for gas-fired units. Such is
replacement process became a reality for electricity-only
power plants and is one of the leading approaches which
likely  will  be  implemented  for  the  next  generation
cogeneration power systems.

We have assumed the principal diagram with a single-
pressure heat recovery boiler (fig. 5). The exhaust gases
of the gas turbine 1 are supplied to the steam recovery
steam generator 3 which produces hot steam. The steam
drives  the  steam  turbine  2  and  is  condensed  in  the
condenser. A part of the steam is taken between the low
and high pressure steam turbine parts and is supplied to
the network heaters 4.

The real characteristics of modern power equipment
were considered for making simulation. The gas turbine
6F.03 (6FA) of General Electric was considered. That is
the turning of 100-MWt class with the nominal efficiency
more than 35% which is one of the highest among turbine
to that class. A simulation of the heat and mass balances
of the plant was done in the Thermoflow package which
is  one  of  the  leading  modelling  tools  for  power
engineering. More details of the thermal analysis may be
found in [15]. 

An  operation  of  the  power  plant  was  simulated
assuming the air temperature distribution calculated in the
meteorological part of study (fig. 4) for a typical year for
the current and the future climate conditions. The future
climate  conditions  in  the  considered  region  were
estimated  using  the  climate  model  developed  in  the
Global  Energy  laboratory  of  the  Moscow  Power
Engineering Institute. The details of this estimation were
discussed  in  [7].  The  time  horizon  for  the  prospective
climate was assumed at about 2070. A selected climate

scenario was a optimistic one close to the representative
concentration pathway 4.5 [1]. 

Fig. 5. Principal diagram of the considered cogeneration power

plant: 1 – Gas Turbine, 2 – Steam Turbine, 3 - Heat Recovery

Steam Generation, 4 – District Heaters, 5 – Anti-Ice System, 6 –

Water Sink, 7 – Water Source, 8 – Air Source, 9 – Stack.

It was assumed that the power plant supplies to the heat
consumers the heated network water which is used both
for  heating  and  as  the  communal  warm  water.  The
temperature  of  the  network  water  in  the  supplying
pipeline is adjusted according to the change of the annual
air  temperature  during  the  heating  season  and  is  kept
70oC when the weather is warm. 

2.4 Results and discussion 

The modelling results for the considered power plant are
presented on the Fig. 5 and in the Table 2. 

Fig. 5. Sensitivity of the fuel use efficiency of the cogeneration

power plant to the ambient air temperature.

The main outputs are as follows: E is the electrical energy
generated  by  the  unit,  Q is  the  heat  supplied  to  the

Thermal circuit 
modeling
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change has been manifested most significantly during the twen-
tieth century and this trend will most likely continue. Wide use of
fossil fuels for electricity generation determines vulnerability of
Russian power system to the climate warming.

The most recent Assessment Report of the Russian Meteoro-
logical Agency [31] has stated the importance of the climate-related
effects for Russian power industry and denoted lack of quantitative
estimations. However, research efforts in this area remain quite
limited.

Discussion of the likely changes of energy-related climate pa-
rameters and renewable energy potential in Russia was presented
in [32], but the scope of this work is rather the climate change itself
than the power system. Prospects of the Russian hydropower under
the current and future climate change were assessed in [33]. The
effect was found to be slightly positive for Siberian hydropower
plants and virtually neutral for central Russia.

Likely trends and directions of development of the coal-fired
power plants were considered in [34] in the context of the
climate change, but a quantitative estimation of the climate change
impacts was beyond the scope of the analysis. An attempt to
analyze a deterioration of thermal generation efficiency under the
climate change was done in [35]. However, the study was restricted
by the gas turbines only.

A general picture of the climate change impact on the Russian
power industry remains patchy and incomplete. That may be crit-
ical under the system problems on the global and national scale by

which the Russian power system is challenged today.
This paper is a preliminary attempt to study impacts of the

Fig. 1. Structure of installed capacity of power generation: a d for the whole Russian energy system, b d by regions connected to electric grid [42].

Fig. 2. Projected trends of the mean annual temperatures in various Russian regions in
the twenty-first century.

V.V. Klimenko et al. / Energy 142 (2018) 1010e1022 1011

Projection of the large-scale climate 
trends 

Modelling of the local climate 
features
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1. There is an evidence of change in the daily temperature 
pdfs across Russian territory during different seasons on 10 
to 40% of the meteorological stations   

2. Evolution of the pdfs’ central part is more pronounced as 
compared with pdfs’ tails  

3. Mainly spring and winter seasons are impacted 

4. Approximation of the daily distribution with the skewed 
normal function seem to be quite an appropriate way to 
account for local meteorological condition
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