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Introduction

Iran is among the countries that continue to be recognized as one of the highest consumers of non-
renewable energies and fossil fuels, and it is a country with excessive energy consumption. On the
other hand, according to the International Energy Agency's report, building energy consumption
accounts for 40 percent of the total energy; meaning that buildings are the largest energy consumers
globally (Zomorodian et al., 2019: 245-249). Given this, researchers are striving to find ways for
building occupants to consume less energy while feeling comfortable (Bardbari et al., 2020: 1048).
Approximately half of the world's energy consumption in buildings has made them the largest
source of energy consumption globally and considered sources of carbon dioxide emissions, which
play a significant role in environmental pollution (Rahmati Dehkordi & Jahangiri, 2022: 1). In this
regard, various approaches such as green architecture and zero-energy architecture have been
proposed, and efforts have focused on bringing the balance of energy production and consumption
in buildings towards zero (Marszal et al., 2011). A closer look at these approaches, based on
benefiting buildings from the advantages of nature and greenery, as well as local energy production
in buildings and their independence from connection to the nationwide energy grid, can in many
cases in different climates contradict the goals of sustainable development and lead to increased
consumption of energy resources (Khatib & Akbari, 2024). The independence of buildings in
energy production from central and nationwide systems can pave the way for greater energy
consumption. Therefore, the principle remains on reducing energy consumption. One of the most
important factors affecting the increase in energy consumption in buildings is openings and glass
surfaces. Openings can lead to the loss of heating energy in cold regions or the cold season, and in
warm regions and seasons, they can cause greater absorption of solar heat from the environment
and increase the cooling load of mechanical installations. Based on this, proper shading design can
effectively help illuminate the interior space with daylight, improve thermal comfort, control the
increase in solar heat, and enhance the external view of the environment. Shading elements in
different directions of building blocks located in shading devices have a significant impact on
energy consumption values in all cases. Studies show that these elements have a positive effect on
cooling loads and reduce annual cooling energy costs (Akalp & Ozyilmaz, 2023: 121-122).
However, it should be noted that the amount of energy received from outside or the energy loss
inside the building depends on many factors, including the properties of insulation layers, building
orientation, area of openings, material of openings, type of shading, climatic conditions, wind
speed, building form, air infiltration coefficient, thermal conductivity or resistance of building
materials, and technical specifications of dependent mechanical and electrical systems. Therefore,
building simulation methods are one of the most efficient ways to accurately calculate the amount
of reduction or increase in building thermal loads. This study attempts to calculate, using
simulation, the amount of change in the cooling load imposed on the building installations of a
Varshoosazi (Varnish Making) factory in Borujerd city after the design of shading devices.
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Theoretical Framework of the Research

Energy consumption in the building sector has increased significantly over the past decade (Hamza
et al., 2021: 116). Global greenhouse gas emissions are on a significant upward trend. In 2019,
emissions from global buildings were 12 percent as carbon dioxide equivalent and 21 percent.
Residential buildings consume 70 percent of the final energy needs of global buildings. Given
current energy consumption and emission intensity, the construction industry's share of carbon
emissions will reach 50 percent by 2050. Accordingly, the construction industry faces major
challenges in energy conservation and greenhouse gas emission reduction (Yao et al., 2023: 1).
Globally, the building industry consumes 40 percent of the energy, and its operational and
consumption needs are expected to continue to increase in the coming years. In warm climates,
the cooling demand for commercial buildings is a major concern for its operational needs and
maintaining thermal comfort (Shaik et al., 2021: 1). Energy consumption in the building sector in
Iran is higher than the global average; therefore, the country must play a role in mitigating the
global problem of climate change and preserving fossil fuel resources; measures must be taken to
reduce the heating and cooling energy used (Sadafi et al., 2021: 255). Heatwaves will be more
frequent and intense in the future due to climate change, and as the weather warms over the years,
the demand for cooling will increase. With the increase in the country's population due to the influx
of immigrants, demand will also increase. This can put stress on the grid and lead to increased
greenhouse gas emissions (Dana et al., 2021: 167-170). Energy efficiency means using less energy
for heating, cooling, and lighting. It also means combining different methods to ensure energy
conservation. Design Builder models can be easily used to display the complete technical
specifications of a building and provide a suitable analysis of its environmental performance
(Pawar and Kanade, 2018: 72). The construction of new buildings requires a revision towards
reducing energy consumption by using renewable resources while ensuring the comfort and
satisfaction of residents. In this regard, recent studies aim to focus on reducing building energy
consumption (Azima and Seyis, 2023: 1). Poor building performance consumes a lot of electricity,
which requires larger AC systems than necessary and longer operation, wasting electricity. Energy
efficiency (EE) has been the easiest and most cost-effective issue to reduce energy consumption
(Al-Anazi and Almasri, 2023: 1053). The gap between economic development and the
environment must be bridged to achieve the main goal of maintaining a prosperous economy
through reliance on clean energy sources. Climate change caused by greenhouse gas emissions in
the atmosphere is one of the biggest challenges that arise (Ibrahim et al., 2021). In new buildings,
the main measures taken to achieve suitable energy performance can be implemented during the
design phase. For buildings that use these methods, the potential for energy savings is between 5
and 15 percent (Balbis-Morejon et al., 2021), both in energy consumption and carbon dioxide
emissions. The report presented by the Intergovernmental Panel on Climate Change (IPCC) led to
improved social knowledge and awareness about energy consumption and environmental
consequences, and resulted in increased interest in obtaining a more appropriate insight into the
characteristics of energy consumption in buildings (Esbati et al., 2020: 960). Heating, ventilation,
and air conditioning (HVAC) equipment account for more than half of the total global annual
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energy consumption. In 2019, space cooling accounted for 20 percent of all electricity consumed
in buildings worldwide. Energy use for cooling systems is expected to increase from 32 percent of
total building energy consumption in low-latitude countries (such as Africa, the Middle East, etc.)
to 72 percent by 2100, mainly due to relatively warm outdoor temperatures, which is a product of
climate change. Due to the hot, dry, and semi-arid climate and weather patterns, the Middle East
is highly susceptible to the predicted effects of climate change (Albatayneh et al., 2022: 2).
Optimally designed energy performance increases its energy performance, maximizes the
movement of cooling air, and disregards the sun (increased heat) in the summer season because its
performance depends on the climate and available resources (Shawkat et al., 2021: 60). The
building sector, with more than 40 percent energy consumption, is the largest energy consumer in
Iran. The average energy consumption of buildings in Iran is more than 2.5 times the global
average. And more than 98.5 percent of the energy consumed in buildings in Iran is supplied
through oil or gas. This makes the construction and housing sector one of the main sources of
pollutants (about 26.4 percent of carbon dioxide emissions). Iran ranks seventh in the world in
carbon dioxide emissions (Razazi, 2022: 75).

The basic goal of building retrofitting with energy saving is to improve the quality of the indoor
thermal environment based on energy saving and economics. Decision-making on retrofitting costs
considers the rate of energy saving and indoor thermal comfort as optimization indicators, and the
relationships between these three indicators are mutually influenced and limited, which can be
considered a multi-objective optimization problem (Cao et al., 2022: 2). A lot of thermal energy
can be absorbed by surfaces. On a summer day, the roof can heat up to 70 degrees Celsius.
Although roofing technologies are designed to withstand extreme heat, high temperatures can
cause faster degradation of materials. The structure will experience an increase in internal
temperature due to heat transfer from the roof (Albatayneh et al., 2022: 1-2). Ensuring greater
efficiency of buildings is essential if energy use is to be sustainable in the future. For optimal
thermal performance, there should be new and innovative designs for building construction. To
achieve this goal, effective and accurate software programs are needed that can correctly predict
the performance of buildings under different conditions. To increase the prediction of energy
consumption in buildings and reduce their operating costs, it is essential to address all relevant
physical, social, and environmental factors during construction (Albatayneh, 2021: 2). BIM tools
can help designers explore different design alternatives in the early stages and effectively and
quickly transfer design information to energy and simulation tools for validation and analysis. On
the other hand, by using BIM tools, owners can better visualize the development of their
construction projects in all different stages of their construction. The construction team uses BIM
models to coordinate activities, extract material quantities, and identify potential conflicts between
equipment (Danial et al., 2023). A suitable simulation tool is needed to simulate the performance
of building systems effectively and correctly. DesignBuilder software was used in this study to
evaluate the simulation of the building model. The calculation method of DesignBuilder depends
on the power of the EnergyPlus simulation engine. DesignBuilder creates a virtual environment in
which the building's HVAC and lighting systems are simulated. They are calculated without
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compromising thermal comfort. DesignBuilder was used to predict the annual energy consumption
of the building, paying attention to building design, building materials, optimized thermal comfort,
lighting, weather data, and activity in the building construction case study (Danial et al., 2023).
The size, aspect ratio, and position of windows were studied in several studies on heat loss from
buildings through windows, showing that low aspect ratio windows with low emissivity can
increase building efficiency. Modern cities use windows as the main architecture of high-rise
buildings due to visual access to the surroundings and for the artistic look of buildings in the urban
environment. However, more than 60 percent of energy loss from buildings is related to windows
and window frames in hot and dry climates (Seadaghat, 2021: 2). Today, one of the simple and
common methods that can be easily implemented in Iran is the use of shading devices. Adjusting
optimal light and preventing direct sunlight and heat loss in winter are among the advantages of
using shading devices. Shades may be installed internally or externally, and they may be fixed or
movable, which again may be manual or automatic. Several research studies have evaluated the
performance of shading devices. While external shades intercept solar radiation before it reaches
inside the building, shades installed internally absorb solar radiation on the glazing system and
then re-radiate it inside, which increases the cooling load (Razazi, 2022: 75). In order to protect
against environmental degradation and the threatening scarcity of energy resources (especially
today), the necessity of striving to achieve greenhouse gas emission neutrality from building
resources by 2050 is of particular importance. To achieve this goal, all new buildings and 20
percent of the existing building stock must have net-zero emissions by 2030. In light of this, it is
very important to know the impact of factors that determine the energy consumption of buildings,
especially newly designed buildings (Jezierski and Sadowska, 2022: 2). It is clear that energy
consumption is one of the concerns of the world and the urban construction sector. One of the most
important reasons for this consumption is a challenge that must be addressed, especially in
developing countries. Building performances play a fundamental role in the impact and needs of
building heating and cooling (Fernandes Maciel and Carvalho, 2021). The warmer climate in
which a building is located affects the building's internal temperature. When the outside air
temperature increases, the building will experience internal discomfort. High temperatures
significantly affect electricity consumption in infrastructure; increased cumulative electricity
demand and thermal gain are important parameters that affect energy consumption. Lower thermal
gains will reduce cooling (Oluwatimilehin & Ayanlade, 2023). The use of shading systems, as a
double protection against sunlight, can help balance the overall energy of these systems and be
considered as a cost-effective and aesthetically acceptable means for integration with renewable
systems in buildings. Proper shading design can effectively help illuminate the interior
environment with daylight, improve thermal comfort, control the increase in solar heat, and
enhance the external view of the environment. Shading elements in both directions of blocks
located in shading devices have a negative impact on heating load values in all cases, and analyses
have also shown that these elements increase annual heating costs, have a positive effect on cooling
loads, and reduce annual cooling energy costs (Akalp & Ozyilmaz, 2023: 121-122). Developments
related to industrialization in the use of materials have increased the use of windows and walls in
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buildings. This increase in the proportions of transparent surfaces in buildings has made window
design a priority for addressing thermal comfort. For this reason, controlling heat loss or gains
from window surfaces is an important design issue in providing thermal comfort. In order to
minimize annual energy costs, it is possible to control direct or indirect light entering the building
from window surfaces with appropriate shading elements. The main purpose of shading elements
is to prevent sunlight from entering the transparent facades of the building in summer conditions

and to stop the flow of unwanted energy inside the building.

Table 1. Summary of Climatic Data from Climate Consultant Software
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Then, based on the analysis of climatic data in the Climate Consultant software, the psychrometric
chart, temperature range, and solar radiation chart for the city of Borujerd were extracted, which

are presented below.
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Latitude/Longitude: 34.9° North, 48 63° East, Time Zone from Greenwich 3

Data Source:

SRC-TMYx 408353 WMO Station Number, Elevation 1600 m
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Figure 2. Air temperature radiation in the city of Borujerd during different months
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Figure 3. Simulated model of the rolling mill factory building in Borujerd city using DesignBuilder
software.

Analysis and Evaluation of the Shading Device

According to the "Sun Needed" chart in the Climate Consultant software, sunlight is required during the
winter season.

LOCATION: Boroujerd, L0, IRN
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Figure 4. Sun Shading Diagram (Sun Needed and Shade Needed)
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According to the "Shade Needed" graph, shading devices are required during the summer season. In the
diagram below, the horizontal shading angle was determined to be approximately 45 degrees using Climate
Consultant software.

LOCATION: Boroujerd, LO, IRN
SUN SHADING CHART Latitude/Longitude: 349° Nordh, 49 63° East, Time Zone from Greenwich 3
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Figure 5. Determination of the Horizontal Shading Angle (Shade Needed) Using Climate Consultant
Software, Approximately 45 Degrees for the Rolling Mill Factory Building in Borujerd

Table 2. Materials Used in the Modeled Production Building of the Borujerd Rolling Mill Factory in
DesignBuilder Software

Cunstruction
External Layers Thickness Termal Conductivity Specitic Density
wall Resistance (W/ m.K) Heat(J/Kg.K) (KJ/m?)
(m2K/W)
1. Brick 0.1 - 1.33 900 2000
2.Air space 0.0792 0.16 - - -
3.Heavy concrete 0.15 - 0.67 800 900
4.Finish 0.01 - 0.42 1100 1250
5.Foam-polywethare 0.15 - 0.280 1470 30
Internal 1.Gypsum Plasterboard 0.025 - 0.25 1000 900
wall
2.Air gap 0.10 0.15 - - -
3. Gypsum Plasterboard 0.025 - 0.25 1000 900
Flat 1.Plaster 0.05 - 0.56 1000 500
roof 2.Light concrete 0.12 - 0.67 600 800
3.Finish 0.01 - 0.42 1100 1250
Pitched _ 1.Clay tile 0.025 - 1 800 2000
roof 2.MW Stone wool (rolls) 0.1819 - 0.04 840 30
3.Roofing felt 0.005 - 0.19 837 960
Internal 1.l < 0.02 0.007 - - -
roof
2.Olasms 4nie bMe 0.05 0.05 - - -
3. Light concrete 0.05 0.15 - - -
4.Slas s 0.25 0.15 - - -
5. Finish 0.01 0.16 - - -
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In the chart of Figure 6 below, the thermal comfort range for the studied climate has been
extracted from the Climate Consultant software for the months of the year. Accordingly, the
summer months in Borujerd are June, July, and August.

TEMPERATURE RANGE LoCATION: Borouferd, L0, IRN
ASHRAE 2005 Latmude Longitude: 343' Narin 3653° Eaxt. Time Zone fram Greenwieh &
02t saurce: M08 YO S e Efevanan 100 1

— ERORND

=i SRR

Figure 6. Thermal Comfort Range for the Target Climate from Climate Consultant Software

Following this, the analysis of the solar radiation angle on the roof on July 15, based on the
temperature range, is presented.

Figure 7. Examination of the Sun’s Angle of Incidence on the Roof on July 15 Based on the Temperature
Range Simulated in DesignBuilder Software
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After placing 50% of the window openings on the roof facing upward in the square-shaped roof
window and analyzing the cooling load, the results of the cooling load analysis before and after
installing the shading device were reviewed. The results are as follows:

Results of the Analysis Without Shading Device

Figure 8. Simulated model of the industrial building without external shading in DesignBuilder
software.

Temperalures, Heat Gains and Energy Consumplion - Faclory, Production Bulkding
1 dan - 30 D, Moninty Ueenson

Figure 9. Temperature, Heat, Energy, and Cooling Load in DesignBuilder Software
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Table 3. Temperature, Heat, Energy, and Cooling Load in DesignBuilder Software

Temperatures, Heat Gains and Energy Consumption - Factory, Praduction Building

EnesgPius Oulpat 11481+ 30 Dec: Monthy Lsnsed
Morih
Room Electncity (MWh) | 4.32 384 432 400 432 416 416 432 400 432 416 4.00
Lighting (Mwh) | 18,01 133 15.01 1389 1501 1445 14.45 15.01 1388 1501 1445 1389
Elgctncity (MWh) nar 2458 4373 5784 2043 1857 130,01 12252 038 5408 2494 19.57
Gas (MWh) | 13046 370 5272 27.46 829 075 002 004 341 2363 6313 109.86
Heating (Gas) (MIWh) | 13046 7370 5272 27.46 929 075 002 0.04 241 2163 6213 109.86
Goaling (Electricity) (MWh) | 1.84 741 2041 39.84 7113 99.96 11140 103.20 7250 75 633 1.68
r Temperatws (‘'C) | 17.56 1844 1956 2075 2250 24.43 2532 2490 2349 2113 1876 1766
Radiant Temperaturs ('C) | 1883 2083 262 2697 2050 3268 3344 3256 2082 2528 2061 16,67
Operative Temperature (°C) 18,19 19.68 2159 2346 26,00 28.56 2938 2874 2666 218 1978 1827
Cutside Dry-Bulb Temperature (°C)| 058 423 842 1231 18.40 2500 2853 2732 23.18 1540 770 267
Glazing (MWh) | 6274 5177 5297 4465 ar%0 292 2307 2557 s 4104 ar8g 5115
Walle (MWh) | -198 183 163 141 105 -0.26 17 020 o1 073 136 T
Geilings (int) (MWh) | 0.31 [ 158 216 280 238 319 200 217 093 010 0.04
Floors fint) (MWh) | 030 098 158 220 282 341 a8 288 2n 089 008 001
Ground Floors (MWh) | -6.56 738 824 185 613 442 286 83 148 164 303 434
Parttions (int) (MWh) 0.02 002 oo -0.06 004 005 oo 002 oo7 0.05 001 0.05
Roofs (MWh) | -14.48 117 -11.08 828 596 219 090 s 380 768 070 1247
Extetnal Infilsaion (MWh) | -110.88 8258 7017 -50.40 2439 41 19.97 1537 101 3468 6764 8404
General Lighting (MWWh) | 15.01 1334 1501 1389 15.01 1445 1445 15.01 1288 1501 1445 1389
Computer + Equp (MWh) | 4.32 284 432 400 PE) 416 418 432 400 432 418 400
Occupancy (MWh) | 7.90 56D &81 573 551 a7 484 488 484 612 7.00 7.26
Solar Gains Exterior Windows (MWh) | 57.75 67.44 100,09 11800 40,17 15038 521 13812 Nzt 84565 55.51 5092
Zone Sensivie Healing (MWh) | 9948 6118 4110 2148 7.35 0.62 002 0.06 275 1851 49,03 8430
Zone Sensible Cocling (MWh) 678 1811 43,86 76.93 12974 177.35 19512 181.11 128.74 65.17 1580 632
Sensible Cooling (MWh) | -3.32 1233 4393 7190 -127.95 17991 -200.48 185 73 -130.50 6256 1140 303
Total Cooling (MWh) | -3.32 1333 4393 7190 -128.08 17993 -200.52 18575 -130.50 6256 a0 203
CO2Emssions (kg)| 9720717 208712 3638972 4020079 S6SSES3 7198371 7A78BST  TA28578  SG417BE  A720410 2608508 3246725
Fanger PMV ()| 041 014 021 008 058 112 134 117 068 0.48 009 037
Mech Vent + Nal Vent + Infitration (ach) | 1.74 1.73 il 169 187 185 164 184 155 168 171 1.73

Results of the analysis including east-west shading devices

Figure 10. Simulated model of the industrial building without external shading in DesignBuilder
software.

Temperatures. Heat Gains and Energy Consumption - Factory, Production Building
[ - 1 Jan 30 D Moy Liosad

20
Jon 2002 Meet

Figure 11. Temperature, Heat, Energy, and Cooling Load in DesignBuilder Software
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Table 4. Temperature, Heat, Energy, and Cooling Load in DesignBuilder Software

Temperatures, Heat Gains and Energy Consumption - Factory, Production Building

Room Electricity (MWh) 432 3.84 432 4.00 4.32 416 4.16 432 4.00 432 4.16 4.00

Lighting (MWh) 15.01 1334 15.01 13.89 15.01 14.45 14.45 15.01 13.89 15.01 14.45 13.89

Electricity (MWh) 19.33 1722 2283 2868 51.05 748 86 86 8112 5679 3188 1863 17.89
Gas (MWh) 149.05 82.00 57.20 2937 B.62 0.30 0.00 0.00 1.96 2321 67.36 123.60
Heating (Gas) (MWh) 143.05 92.00 57.20 29.37 862 0.30 0.00 0.00 1.96 2321 67.36 123.80

Euullng (Electricity) (MWh) o000 004 350 1079 N7l 56.20 6825 8180 3890 1255 0.02 000

Alr Temperature (*C) 16 87 17.38 18.65 2011 2227 2444 2545 2500 2350 2077 17.77 16 96

Radiant Temperature ("C) 16.38 1783 20.33 277 2623 2950 3057 2978 2727 2282 18.35 16 62
Operative Temperaiu{? (°C) 16.63 17861 19.49 2144 2425 2697 23801 2738 2539 2179 18.08 16.79
Outside Dry-Bulb Temperature (*C) 059 423 842 1231 18 40 2500 2853 2732 2318 1540 770 267
Glazing (MWh) -44 .11 -33.52 -31.84 -24.25 -15.85 -5.65 001 -259 -9.04 -20.98 -29.40 -39.37

Walls (MWh) -1.68 -1.29 -1.24 -1.03 -0.69 0.06 0.47 0.48 0.36 -0.45 -1.06 -1.51

Ceflings (int) (MWh) -1.06 -0.48 0.15 0.18 D44 0.84 073 0.59 0.18 -0.62 094 -1

Floors (int) (MWH) 107 047 016 -022 -D46 -0.87 -073 057 0.12 085 0.95 114

Ground Floors (MWh) -585 -5.20 -7.04 -6.69 -5.04 -3.42 -193 095 -0.61 -0.79 -2.06 -3.58

Partitions (int) (MWh) 0.0z -002 0.01 -0.07 0.05 -0.05 0.00 0.02 0.08 005 0.01 0.08

Roofs (MWhH) -1289 -928 -470 -592 35 0.05 120 014 -1.91 -5.88 810 -12.00

External Infiltration (MWh) -105.77 -76.09 6429 -46.49 2311 375 1880 1431 134 -3250 6139 -89.08

General Lighting (MWh) 15.01 1334 5.0 1389 1501 14.45 14.45 1501 1389 15.01 1445 1389

Computer + Equip (MWh) 432 3.84 432 4.00 4.32 416 4.16 4.32 4.00 432 4.16 4.00
Gccupancy (MWh) 820 704 723 599 559 477 450 483 486 629 745 7.55

Solar Gains Exterior Windows (MWh) 2242 2668 4269 50 84 6332 68.57 6594 60.85 4750 M6 2170 2002
Zone Sensible Heating (MWh) 112,93 59.49 43.85 2252 6.73 0.23 0.00 0.01 1.54 1791 51.46 93.92
Zone Sensible Cooling (MWh) 0.49 -182 10.25 23.25 -58.48 -98.56 -117.58 -108. 67 6819 2455 245 064
Sensible Cooling (MWh) 000 -007 -6.30 -19.42 -97 04 -101.15 -122 83 -111.22 -70.02 -22 60 -0.04 -0.00

Total Cooling (MWh) 0.00 007 -6.30 -19.42 <57.11 -101.16 -122.85 -111.24 -70.02 -22.60 0.04 -0.00

CO2 Emissions {kg) 39667 49 27691.19 24562 01 2289004 3255353 4539099 52637 00 4918157 34784 46 2367278 23924 59 34025 46
Fanger PMV {) -065 -048 -0.14 -053 014 073 1.01 084 033 025 037 -0.61
Mech Vent + Nat Vent + Infiltration (ac/h) 174 1.72 1.70 169 167 165 164 164 1.65 168 1.70 173
.
Conclusion

Based on the analysis of the sun shading chart in Climate Consultant software for the
climate of Borujerd, by inputting the relevant climatic data of Borujerd into the
software and considering the temperature range and thermal comfort zone during the
summer month of July and the summer season for Borujerd’s climate, the need for
shading (shade needed) was evident. Reviewing the sun shading chart in Climate
Consultant indicated that a horizontal shading angle of approximately 45 degrees was
required.

Subsequently, by modeling the project building in DesignBuilder software and
applying shading devices with a 45-degree angle on the roof, the cooling load results
were calculated. According to the results, before and after installing the shading
devices for Borujerd’s climate, the cooling load in July decreased from -200 to 122
kWh. Consequently, the carbon dioxide emissions were reduced from 78,788 to 52,637
kilograms.

Therefore, it can be concluded how significantly the design of shading devices can
impact climate-responsive architecture and the reduction of non-renewable energy
consumption.
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