
                                  International Journal of Innovative Research in Engineering & Management (IJIREM)  

ISSN: 2350-0557, Volume-8, Issue-6, November 2021  

https://doi.org/10.55524/ijirem.2021.8.6.73 

www.ijirem.org  

 

Copyright © 2021.Innovative Research Publications. All Rights Reserved  346 

Optimized Passive Solar Design Methods 
Shikha Parashar 

SBAS, Sanskriti University, Mathura,  

Uttar Pradesh, India 

Email id- shikha.soet@sanskriti.edu.in 

Arvind Kumar 

SBAS, Sanskriti University, Mathura,  

Uttar Pradesh, India 

 

ABSTRACT 
Passive solar design techniques are effective ways to reduce a 

building's Temperature increase, chilling, and bright lights all 

require a lot of energy. Although individual solutions may 

reduce co2 emissions to some extent, exceptionally high 

standards of renewable energy sources need the adoption of 

the efficient flow of numerous tactics, as shown by improving 

construction statistical models. We examine prior three - 

dimensional computer optimum evaluations using passive 

energy methodologies in detail, with a focus on recent data 

collected. 
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1. INTRODUCTION 
Its last few reshuffle of the EU Hvac Systems of Tower blocks 

Directive, which requires all new houses in the EU to drink 

"nearly zero" energy by 2020, requires that triple deckers' 

energy efficiency be increased to a better elevation through 

the coordinated application of defensive and offensive concept 

strategies to mitigate energy cost, raise electronics 

environmental benefits, and use alternative fuels. The use of 

the best mix of solar shading, prominent between many being 

passive design methods, is a critical step in reducing the strain 

on heat pumps converting alternative sources into large 

thermal energy. Without any need for electrical supply 

apparatus, natural solar solutions try to convert sunlight into 

electricity to assist develop indoor thermal comfort. The best 

possibilities for incorporating passive solar design solutions 

come at the concept phase, when values for factors that have a 

significant impact on green buildings, including building 

shape, opaque external materials, glazing and sheltering, and 

so on, are determined. 

Because the building's future reaction to current inactive 

design solutions is very susceptible to local climatic 

conditions, building energy modeling plays a critical part in 

this process. As a result, in order to choose the best 

amalgamation of passive energy schemes for a given location, 

an optimization method combined with energy simulations is 

required. The final draft thus provides a comprehensive 

review of original software optimization studies of energy - 

efficient design strategies whose annual counts are, with a 

special emphasis on recent research findings. The 

optimization techniques and tools utilized in these research 

are discussed in detail. Reviews optimal studies of a limited 

selection of natural solar solutions, focusing whether on the 

building shape, opaque membrane parts, or transparency and 

its shades, and includes summaries of research covered in the 

subsections below. However, since passive solar design 

methodologies are the topic of much study, the remainder of 

this introduction section first gives an overview of other 

review articles that address specific areas of passive design. 

perform a thorough technical examination of the built 

environment systems in order to determine the possibility for 

quiet fuel savings [1]. They look at different types of walls 

like Trombe walls, ventilated walls, and glazed walls, as well 

as fenestration technologies like aerogel, vacuum glazing, and 

spectrally selective low-e varnishes, metal roof strategies like 

green spaces, pv system roofs, radiant-transmissive barrier, 

and draining away cladding cooling systems, and barrier 

properties and phase-change materials. Examine the 

architectural design principles that may help minimize the 

amount of energy used to heat and cool residences. The 

architecture inclination, form, and surface-to-volume ratio, the 

design of buildings and so its U-value, window and tinting, 

and ambient efficiency and energy methods are all discussed 

in these criteria. Large scale and Athienitis review the existing 

framework for the selection of low and net minimal energy 

solar homes, including greenery, physical layout but instead 

orientation, convective heat, windows, and HVAC system 

sizing, relevant technologies for trying to meet heating loads 

in temperature climates, and the role of building modeling 

techniques and their combining with genetic algorithms as in 

search for optimal designs. One of the most important 

methods for achieving energy saving in buildings is thermal 

insulation. Kinaki discusses ways for calculating the optimal 

thickness of thermal insulation in a building envelope, 

specifically the optimum economic thickness, which is the 

amount that provides the lowest total lifespan cost of 

insulation. Kaynakli also talks about how thermal insulation 

may help reduce energy usage, greenhouse gas emissions, and 

environmental impact. 

Jelle examines the benefits and drawbacks of a wide range of 

thermal insulation materials and solutions, dividing them into 

three categories materials), and new conceptual (vacuum 

insulation panels, gas-filled panels, aerogels, phase change 

materials) (nano-insulation materials, dynamic insulation 

materials, nanoconcrete). Their many features have been 

examined and investigated, including thermal resistance, 

occlusion vulnerabilities, construction site adaptability and 

cuttability, superior mechanical, suppression systems, water 

and cold endurance, prices, and environmental effect. 

Examine, on the one hand, technologies for sunlight via 

viscous effects (Trombe wall, solar chimney, burnt clay 

breather collector, and roof-based systems) and their building 

integration, and on the other hand, advancements for passive 

energy temperature via evaporative effect (Trombe wall, solar 

furnace, terra cotta perforated-absorber collector, and roof-

based systems). Regular, zigzag, water Indirect green 

buildings, sunlight transwalls, hybrid energy walls, Trombe 

barricades with mode materials, composite, fluidized, and PV-

Trombe walls are among the nine varieties of Trombe walls 

reviewed by Saadatian et al. Trombe walls may enhance 

thermal comfort and lower energy usage while also reducing 

moisture and humidity in interior rooms in humid climates.  
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To estimate usage, a hydrothermal method is proposed based 

on the Spanish architecture environmental code RCCTE is 

utilized [2]. Using situational analysis of a nearly fully single 

family home in Portugal as in, it is revealed that a little 

improvement mostly in retrofit cost should lead to the 

improvement in the chamber's energy classified from C to B-, 

but large expenditure is necessary to further enhance its e. 

Fesanghary et al. offer a multi-objective modeling technique 

based on harmony search, a form of unpredictable random 

search, to minimize building lifespan costs and CO2 

emissions. The fabrics of the outer walls, purlins, floor, 

ceiling, plus roof layers, as well as the types of windows, are 

all design factors. The technique allows for the calculation of 

a multitude of Pareto optimal solutions in the scenario study 

of a particular housing complex in Baton Rouge, Louisiana, 

which aids in appreciating the trade-off connection amongst 

financial and economic activities. [3]. 

Emma talks about the several types of sensitivity analysis 

strategies used throughout developing functional testing, such 

as skin lesion segmentation, prediction, inspection, standard 

deviation, and zeitgeist methodologies. He discusses the 

typical procedures for implementing sensitively analytic 

methods, as well as a variety of practical issues, and offers 

guidance on the selections, advantages, and downsides of 

different robustness measures to assess architecture thermal 

performance. Figure 1 depicts several ideas for new buildings 

in both cold and hot areas. Reference [4]. 

 

Figure 1: Some Building Design Strategies for Cold And 

Hot Climates Source 

2. DISCUSSION 

2.1. Application 
Multiple and conflicting goals, reduction usage, economic 

expenses, or conservation effect, must generally be considered 

while designing structures. The optimum explanations as a 

result of such a non - linear and non-structure challenges May 

diverse. The Pareto front is made up of solutions for which no 

other option is better for all objectives at the same time. This 

concept also indicates that each our aloes approach is 

overshadowed by a 15% front response, and that if single goal 

is satisfy in one Percentile side solution, that outcome must be 

further met with the other. The 80/20 front depicts the export 

between us two conflicting objectives, enabling the engineer 

to have only one of the best options. Although there are many 

optimization techniques in the literature, our aim is not to 

examine the theory on which they are founded (for that, the 

reader can consult the handbook. Instead, we're interested in 

combining optimization techniques with building energy 

simulations and using them to improve building passive solar 

design. There is indeed a limited literature on this topic, as 

shown by the number of articles published per year. 

 The goal function, the simulating input form, and the 

description of production constants are all utilized to initialize 

Ganot. The simulations service's application programs are 

then written by Ganot, which then runs the simulations, 

collects the output, and determines the entire subset files over 

the next run. depending on thesimulation results, until the goal 

is reached. Furthermore, since the use of optimization 

techniques among architects is still in its early stages of 

acceptance, parametric studies are discussed in subsequent 

parts. Parametric analysis is a simple type At each phase, one 

or two decision variables are reduced while the others are kept 

constant. If such a procedure will not always produce the best 

results globally, it also does look excellent locally. Explain the 

computationally optimized approaches used within breeze, 

solar, water, biogas, solar heat, and diesel generators to tackle 

layout, budgeting, and controlling concerns. They get to the 

conclusion that its range of research articles utilizing 

efficiency has increased. Techniques to address renewable 

energy issues has risen significantly in recent years, owing to 

ongoing improvements in both optimization theory and 

computing resources. 

 Go through the fundamentals of numerical methods, 

emphasizing the efficacy of the Distributive frontier lookup 

and non - linear and non-optimal. By ability to combine the 

optimization technique with the DOE-2 modeling tool, they 

were able to determine the concentration of lobed facades and 

indeed the size and configuration of glass doors in an office 

space in the Amazing work but rather Chicago climates in 

optimizing total energy use project construction costs, as well 

as modify the structure of something like a two-story pile 

foundations. Provide this element framework for building load 

calculations that incorporates the Asme toolset and using a 

genetics technique to obtain double and advice and/or 

problems. The approach finds the Pareto optimum solutions 

using the objective functions of lifetime cost and lifecycle 

environmental effect [5]. 

The orientation, The facility's shape (rectangular and L-

shaped) and aspect ratio, wall types (precast stud) and the tilt 

of each wall from vertical, glazing types, operating system 

ratio, etc eaves depth are all design considerations. In the 

Parameters, the sculpt of an office area in Canton converges 

us towards a triangular box with a screen resolution of about 

1.96 and a protracted side facing south, the tilt from every 

wall coincide to the boundary of 751, likely due to the 

increase loft space in a quite case, and indeed the internet 

explorer fraction on the north, midwest, and west walls occurs 

to the cutoff value of 751, generally due to decreased loft 

space in a rather case, and the patio doors BEopt's basic goal 

is to find a sustainable and green design, starting with both the 

viewer base case: first, it affects energy use by implementing 

energy conservation options until the reasonable level average 

cost has always been reached, then it needs to employ further 

energy conservation options on until overall product of the 

efficient vehicles signifies its cost of developing solar cells 

electricity, during which point a energization is thorough. The 

solar passive input options include space utilization, And a of 

walls, roofs, and floors, insulation properties, skylights type, 

windows-to-wall ratio, occurrence of parapets, and soil 

moisture, while the output includes detailed energy use and 

profitability ratios for many optimised and closer designs. 

Compare the productivity, and the volume of experiments 

necessary to find this same optimum, of three approaches: 
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neural networks, sequential search methodology utilized in 

BEopt, and simulated annealing. The test were carried out on 

a quintessential, reflective small Building America moving 

average villa, with the monthly premium of something like the 

refinance plus maintenance fees as the optimisation problem. 

For a small development space and with only a few design 

variables, the sequential search approach slightly beats the 

natural method in terms of robustness. A genomic algorithm's 

efficacy, but in the other hand, increases like the size of both 

the creative potential expands. The results reveal that the 

genetic algorithm outperforms both other standard 

optimization strategies while all of BEopt's thermal insulation 

options are used, saving well over 60% of the sampling 

interval. Like an application  tool, Bichiou and Krarti 

construct a full energy design methodology with the objective 

of choosing building envelope features and central heating 

operating system with the minimum lifetime costs. As shown 

by the Fig. 4, design variables include the property's outlook, 

inclination angle, and shape, as well as waterproofing of 

something like the floor, walls, but rather roof, structural 

soundness level, paned windows type, operating system rate 

of return, but rather depth of ridges, thermal transfer, water 

heaters setpoints, and Cooling and heating sort and efficiency. 

The three general methodologies used are the optimizer, 

metaheuristic computation, and sequencing search algorithm. 

The technique and swarm intelligence are compared. reveals 

that the genetic algorithm outperforms the particle swarm 

optimization [6]. 

2.2. Advantage 
The goal of optimizing Using a more complete collection of 

energy - efficient design methodologies around the same 

timeframe, with the objective of improving the building's 

passive behavior, might quickly result in designing spaces that 

are too huge for available computing resources. As a 

consequence, the engineers must strike the right balance 

between having a huge number of potential values for each 

design feature and being able to examine the relative influence 

of different factors on the facility's fuel consumption. As a 

consequence, this part focuses on parametric research. Using a 

simulated annealing software tool coupled to TRNSYS, it 

looks for pay net-zero energy detached house designs. The 

type of heating system and the plots treated of the solar water 

heating system are also among the control factors for 

ventilation systems, although the newly built layout or 

perspective, the sealing level, and the internet explorer ratios 

for said external walls were some of the control parameters 

for cyber warfare. The findings of a case analysis of a condo 

tower iThe us, show that among premium optimal solutions, 

while the location of the building has the greatest influence on 

global critical location and active stars and planets metrics. 

Wang and colleagues investigate the feasibility of 

constructing a zero-energy house in Cardiff, United Kingdom. 

They begin by doing a parametric study in Energy Plus to 

establish the ideal passive façade design for lowering heating 

energy load. The U-values of external orientation of the 

building are important architectural considerations. These also 

utilize TRNSYS to model the function and scale of solar hot 

water systems, underfloor heating systems, photovoltaic 

systems, and wind turbines, finding that they are all viable 

options. zero-energy homes are theoretically possible in the 

UK [7]. 

2.3. Working 
While fenestration is crucial for imparting aesthetically to 

structural projects and providing enough natural illumination, 

it is also critical for air conditioning in buildings, and it is 

likely the most important unique technique in passive solar 

energy. Emelia et al. use evolving computational models with 

Energy Plus to improve the design of a standard façade 

module. It's used in single-objective allocation to minimize 

CO2 emissions for energy demand for heat generation, 

cooling, and light pollution, as well as number of co 

optimization to find the Maximum front before conflicting 

heating and mechanical lighting objectives. The windows-to-

wall ratio, horizontal overhang depth, vertical fin depth and 

slope, and glazing type are important design considerations. 

The reliability of the Pareto front revealed by the suggested 

technique is compared to the complete enumeration of the 

production of art London. To study the influence of façade 

construction and plan design on electricity consumption for 

heating, temperature control, lighting, and mechanical 

ventilation, Psoriasis et al. do a comprehensive evaluation o, 

Sweden. The design elements include the internet explorer 

percentage seven screen types, two plan various kinds (open 

kitchen and cell plan), & three thermal energy storage set 

point combinations, The data are extensively reviewed, with 

the inference that a good combination of transparency, 

sheltering, and regulation set points might result in a 15% 

increase in energy consumption of entirely glazed buildings 

when   Wright and Mourshed utilize the genetic algorithm 

with Energy Plus to optimize the usage for heating, chilling, 

and lighting [8]. The building's façade is divided into many 

cells, which each have its own. While optimal solutions 

produce interesting and innovative architectural forms, in both 

unconstrained and constrained cases, the window cells in them 

are biased towards the top-west quadrant of the facadwell 

two-story single-family house in Milan, Italy, see Gaspar Ella 

and his associates Examine how glass door type and size 

affect humidification energy needs and forward [9]. The 

parametric study is conducted first using TRNSYS and used 

the system parameters glazing type, image is obtained, 

presence of shadow, building orientation, and workroom, and 

then multiple regression analysis is used to determine the most 

significant components. Hassouneh et al. was using a clear 

example of a residential construction in Amman, Jordan. 

Examine the impact of window panes on the energy 

expenditure and calculate the most cost-effective energy 

savings. The parametric study is performed using conscience 

Excel-based algorithm that use Ansi tables of heat gains and 

glass refrigerating factors, well with performance parameters 

becoming window type, glaze area, and frame raster angle 

[10]. 

3. CONCLUSION 
The paper examines research on how to improve passive solar 

design techniques in buildings. In order to attain high related 

to energy performance, project resource simulations must be 

explicitly coupled and swarm intelligence algorithms, 

especially it during design stage, when the decisions made 

have much more influence on energy efficiency measures. A 

number of optimizations are used in research studies. With 

genetic algorithms being the most popular. While a variety of 

building energy modeling tools have previously been 

developed, their usage in conjunction with optimization 

techniques is just now becoming commonplace in research 

and design. One reason for this is because there are no simple 

settings that combine comprehensive Related to building 

simulations with dynamic programming as well as other linear 

programming will require more researchers. The 

computational cost for green building grows excessively big 

as the range of potential criteria rises., many researchers 
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concentrate their research on specialized energy - efficient 

design solutions with less design elements  Read with section 

Stevanovi Natural and Nonrenewable Electricity Evaluates 

2  characteristics, like those of the building shape and opaque 

skin layers Parametric studies should be used to improve the 

passive energy design of whole structures by compensating 

for the increased number of input components by the smaller 

number of feasible values for each element [10]. 
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