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Abstract: This paper proposes a performance-oriented parametric design method for early-stage residential design in Northern China, 

addressing the critical need for residence energy efficiency in cold climates. By integrating energy simulation goals with parametric design 

techniques, this study develops a framework that leverages digital tools and artificial intelligence to optimize residential schemes. The 

methodology emphasizes data-driven design processes, enabling architects to explore multiple design possibilities while ensuring 

alignment with energy-saving targets. The paper outlines the theoretical foundations, workflow, and validation of the proposed 

methodology through case studies, demonstrating its potential to enhance energy performance in residential architecture.  
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1. Introduction 
 

The building industry is undergoing a technological 

revolution driven by digital technology and artificial 

intelligence (AI). Energy-efficient buildings have become a 

priority in response to resource scarcity and environmental 

challenges. Northern China, with its severe cold climate, faces 

significant energy demands for residential heating in winter, 

making energy efficiency a critical concern in residential 

design. This study focuses on the early design stages of 

residential buildings, where design decisions have the most 

significant impact on building performance. Conventional 

design processes often rely on subjective experience of 

architects, lacking quantitative evaluation mechanisms, which 

can lead to discrepancies between design goals and actual 

performance outcomes. This paper proposes a 

performance-oriented parametric design method that 

integrates building performance with digital design tools to 

enhance energy efficiency in residential design. 

 

1.1 Research Background 

 

The rapid development of digital technology has transformed 

various sectors, including architecture. The concept of 

intelligent buildings has emerged as a significant research 

direction. In Northern China, residential heating energy 

consumption accounts for a substantial portion of total 

building energy use. According to statistics, building energy 

consumption in China has increased fivefold since 1995, with 

heating in northern regions contributing approximately 74% 

of the total energy demand [1]. This highlights the urgency of 

improving energy efficiency in residential design. As shown 

in Figure 1, multiple studies at home and abroad have shown 

that in the early stage of architectural design, design decisions 

have the greatest impact on building energy efficiency and 

physical performance. As the design process progresses, the 

actual effect of energy-saving measures gradually decreases, 

while the cost increase brought by green design measures 

continues to increase with the design process. According to 

existing research, over 40% of the energy-saving potential 

comes from the initial stage of the plan. Current green 

building standards, such as the "Code for Energy Efficiency 

Design of Residential Buildings in Cold and Severe Cold 

Regions" (JGJ26-2010), have set progressively higher 

energy-saving targets [2]. However, achieving these targets 

through conventional design methods has proven challenging, 

necessitating the adoption of performance-oriented 

parametric design methodologies.  

 
Figure 1: Energy saving effect and cost increase in each stage 

of architectural design 

1.2 Research Objectives and Significance 

 

The primary objective of this research is to develop a 

performance-oriented parametric design methodology for 

residential buildings in Northern China. This methodology 

aims to bridge the gap between design intentions and actual 

performance outcomes by leveraging digital tools and 

artificial intelligence. The significance of this study lies in its 

potential to: 

 

1) Provide a systematic framework for integrating green 

building performance goals into the early design stages. 

 

2) Enhance design efficiency and accuracy through automated 

parametric design processes. 

 

3) Reduce energy consumption in residential buildings, 

contributing to sustainable development. 
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1.3 Research Methodology 

 

This study employs a mixed-methods approach, combining 

theoretical analysis, case studies, and algorithm development. 

The methodology involves: (1) Literature Review: Analyzing 

existing research on parametric design, performance-oriented 

design, and green building technologies. (2) Case Studies: 

Examining successful examples of performance-oriented 

design in residential projects to identify best practices. (3) 

Algorithm Development: Creating parametric design 

algorithms using Grasshopper and Python to automate the 

generation and optimization of residential floor plans. (4) 

Validation: Applying the developed methodology to a 

real-world residential project in Beijing to assess its 

effectiveness. 

 

2. Literature Review 
 

2.1 Parametric Design in Architecture 

 

Parametric design has evolved significantly since its inception 

in the mid-20th century. Luigi Moretti first introduced the 

concept in the 1940s, emphasizing the relationship between 

design parameters and architectural form [3]. The 

development of computer-aided design (CAD) tools, such as 

Sketchpad in the 1960s, marked a significant milestone in 

parametric design [4]. Modern parametric design tools, like 

Grasshopper and Dynamo, have further democratized access 

to these technologies, enabling architects to explore complex 

design problems systematically. 

 

Parametric design is not merely a tool for generating forms 

but a methodology that quantifies design elements and their 

relationships. It allows designers to manipulate parameters to 

achieve optimal solutions, making it particularly suitable for 

performance-driven design. In recent years, parametric design 

has been widely applied in various architectural domains, 

from urban planning to complex building geometries [5]. 

 

2.2 Performance-Oriented Design Methods 

 
Figure 2: Indicator-Based Method: Green Design Standards 

and Guidelines 

Performance-oriented design focuses on achieving specific 

performance goals, such as energy efficiency, through 

iterative design and simulation processes. Several methods 

have been proposed in the literature, each with distinct 

advantages and limitations: 

 

1) Indicator-Based Methods: These methods follow 

established design standards and guidelines to ensure 

performance compliance. While easy to implement, they lack 

specificity [6]. 

 

2) Simulation-Driven Design: This approach uses 

performance simulation tools to guide design decisions. 

Although highly accurate, it is time-consuming and requires 

repeated adjustments [7]. 

 

3) Benchmarking: This method compares building 

performance against established databases. It is effective for 

evaluating performance but requires substantial data support. 

 

4) Sensitivity Analysis: This method identifies key design 

parameters affecting performance, allowing targeted 

optimizations. It provides specific actionable insights but 

cannot account for interactions between multiple parameters. 

 

5) Parametric Optimization: This method uses optimization 

algorithms to search for the best design solutions based on 

performance criteria. It offers the most significant potential 

for performance improvement but is limited to parameterized 

models. 

 

2.3 Integration of Parametric Design and Performance 

Optimization 

 

The integration of parametric design with performance 

optimization has shown promise in enhancing building 

performance. Genetic algorithms (GAs) and other 

optimization techniques have been successfully applied to 

architectural design problems, such as optimizing building 

form for energy efficiency [8-9]. These methods enable 

designers to explore a vast design space efficiently, 

identifying optimal solutions that balance multiple 

performance criteria. 

 

2.4 Case Studies in Performance-Oriented Design 

 

Several case studies demonstrate the effectiveness of 

performance-oriented design in residential architecture. For 

example, the optimization of building form to minimize wind 

pressure and reduce energy load has been successfully 

implemented using parametric design and GAs [10]. Similarly, 

studies on optimizing window-to-wall ratios and envelope 

performance have shown significant energy savings potential 

[11]. These examples highlight the potential of parametric 

design and optimization algorithms in achieving 

energy-efficient residential designs. 

 

2.5 Research Gaps and Contributions 

 

While existing research has made significant strides in 

parametric design and performance optimization, several gaps 

remain. Most studies focus on isolated design parameters or 

specific performance aspects, lacking a comprehensive 
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framework for integrating multiple performance goals. 

Additionally, few studies address the specific challenges of 

residential design in cold climates. This research contributes 

to the field by proposing a performance-oriented parametric 

design methodology tailored to Northern China's climatic 

conditions, supported by a robust algorithmic framework and 

validated through real-world applications. 

 

3. Performance-Oriented Parametric Design 

Method 
 

3.1 Theoretical Framework 

 

The performance-oriented parametric design methodology 

proposed in this study is grounded in the integration of 

parametric design principles with performance simulation and 

optimization techniques. This methodology represents a shift 

from conventional design approaches, which often rely on 

subjective experience and lack quantitative evaluation 

mechanisms, to a data-driven, performance-oriented 

workflow. The theoretical framework is built upon three core 

components: parametric design, performance simulation, and 

optimization algorithms. 

 

Parametric design is a process where design elements and 

their relationships are quantified, allowing for systematic 

exploration and manipulation of design variables. 

Performance simulation provides the means to evaluate the 

energy efficiency and other performance metrics of design 

schemes, while optimization algorithms automate the search 

for optimal solutions within a defined design space. Together, 

these components form a robust framework for enhancing the 

energy performance of residential designs in Northern China's 

cold climate. 

 

3.2 Workflow Development 

 

The workflow for the performance-oriented parametric design 

methodology is structured into three interconnected phases: 

parameterization, simulation, and optimization. Each phase is 

detailed below. 

 

3.2.1 Parameterization 

 

Parameterization involves defining the design parameters and 

establishing relationships between these parameters and 

performance outcomes. Design parameters are categorized 

into three types: 

 

1) Conditional Parameters: These are boundary conditions 

defined by design requirements, such as climate data, user 

functional demands, and building codes. 

 

2) Variable Parameters: These are parameters that can be 

adjusted within a defined range to explore design possibilities, 

such as room dimensions, window-to-wall ratios, and 

envelope performance. 

 

3) Dependent Parameters: These parameters are derived from 

conditional and variable parameters and are determined 

through logical relationships within the design model. 

 

3.2.2 Simulation 

Performance simulation is integrated into the design process 

to evaluate the energy efficiency of generated schemes. 

Simulation tools such as EnergyPlus and Ladybug/Honeybee 

are employed to model heating and cooling loads, providing 

quantitative feedback on design performance. The simulation 

process involves: 

 

1) Model Setup: Creating a digital model of the building 

design, including geometric details, material properties, and 

environmental conditions. 

 

2) Simulation Execution: Running simulations to calculate 

energy performance metrics, such as total energy load, 

heating load, and cooling load. 

 

3) Result Analysis: Interpreting simulation results to assess 

the energy efficiency of the design and identify areas for 

improvement. 

 

3.2.3 Optimization 

 

Optimization is the final phase where the methodology 

iteratively refines design parameters to achieve performance 

objectives. Genetic algorithms (GAs) are employed due to 

their effectiveness in exploring complex design spaces and 

identifying optimal solutions. The optimization process 

includes: 

 

1) Parameter Selection: Identifying key design parameters 

that significantly impact energy performance. 

 

2) Algorithm Setup: Configuring the GA parameters, such as 

population size, mutation rate, and crossover rate. 

 

3) Iterative Search: Running the optimization algorithm to 

explore the design space and converge towards optimal 

solutions. 

 

4) Result Validation: Verifying the optimized design against 

performance targets and design constraints. 

 

3.3 Algorithm Development 

 

The algorithm developed for this methodology leverages 

Grasshopper and Python to automate the generation and 

optimization of residential floor plans. The algorithm's 

workflow is detailed as follows: 

 

3.3.1 Feature Extraction 

 

Design features are extracted from a database of residential 

prototypes to establish a parametric model. This involves 

analyzing common residential layouts and identifying key 

design elements and their relationships. 

 

3.3.2 Rule-Based Generation 

 

Predefined design rules are applied to generate feasible floor 

plans. These rules ensure that generated schemes comply with 

functional requirements and building codes, such as room 

adjacency, circulation paths, and structural constraints. 

 

3.3.3 Performance Evaluation 
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As shown in Figure 3, each generated scheme is evaluated for 

energy performance using simulation tools. The simulation 

results provide quantitative data on energy consumption, 

which is used to guide the optimization process. 

 

 

3.3.4 Iterative Optimization 

 

GAs are employed to iteratively refine design parameters. The 

algorithm uses performance data from simulations to evaluate 

the fitness of each design iteration and directs the search 

towards optimal solutions. 

 
Figure 3: Performance evaluation process in Grasshopper 

4. Case Study Application 
 

The methodology was applied to a residential project in 

Beijing, focusing on optimizing the energy performance of 

residential floor plans. The project involved the design of a 

25-story residential building with a one-ladder-two-household 

layout, aiming to reduce energy consumption while 

maintaining functional and aesthetic requirements. 

 

4.2.1 Parameter Setting 

 

Design parameters were defined based on project 

requirements, including room dimensions, window-to-wall 

ratios, and envelope performance. These parameters were 

categorized into conditional, variable, and dependent 

parameters to structure the design process. 

 

4.2.2 Algorithm Execution 

 

The parametric design algorithm was executed to generate 

multiple design schemes. Each scheme was evaluated for 

energy performance using simulation tools, providing 

quantitative feedback on design outcomes. 

 

4.2.3 Optimization Process 

 

GAs were employed to optimize design parameters, 

identifying schemes with the lowest energy consumption. The 

optimization process involved iterative adjustments to design 

parameters, guided by performance data from simulations. 

Figure 4 shows the visualization information of schemes. 
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Figure 4: Visualization Information of Schemes 

4.3 Discussion 

 

The application of the methodology resulted in significant 

energy savings. The optimized scheme demonstrated an 18.1% 

reduction in total energy load compared to the original design, 

highlighting the effectiveness of the proposed methodology. 

Sensitivity analysis revealed that parameters such as room 

dimensions and window-to-wall ratios had a substantial 

impact on energy performance, providing actionable insights 

for future designs. 

 

4.3.1 Energy Performance Analysis 

 

Detailed analysis of the optimized scheme's energy 

performance showed reductions in both heating and cooling 

loads. The optimization process effectively balanced these 

loads, resulting in a more energy-efficient design. 

 

4.3.2 Sensitivity Analysis 

 

Sensitivity analysis identified key design parameters that 

significantly influenced energy performance. Parameters such 

as room depth, window-to-wall ratio, and envelope insulation 

were found to have the most substantial impact on energy 

consumption. 

 

4.3.3 Design Implications 

 

The results provided actionable insights for architects, 

emphasizing the importance of optimizing room dimensions 

and window-to-wall ratios to enhance energy efficiency. The 

methodology demonstrated how performance data can guide 

design decisions, leading to more sustainable outcomes. 

 

5. Results 
 

The study demonstrates that performance-oriented parametric 

design methodologies can significantly enhance energy 

efficiency in residential design. By automating the design and 

optimization processes, the methodology reduces manual 

effort and enhances design accuracy, aligning design 

outcomes with performance goals. 

 

The developed methodology and algorithm provide architects 

with a robust tool for exploring design possibilities while 

ensuring energy efficiency. The integration of digital tools 

and artificial intelligence transforms conventional design 

practices, enabling data-driven decision-making. This 

approach is particularly valuable in cold climates where 

energy consumption is a critical concern. 

 

Future research could extend the methodology to 

multi-objective optimization, incorporating additional 

performance criteria such as daylighting and indoor air quality. 

Expanding the algorithm to support more complex residential 

typologies and urban planning scenarios would enhance its 

applicability. The potential for integrating machine learning 

techniques to predict and optimize design performance also 
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presents an exciting avenue for further exploration. 

 

This paper presents a comprehensive performance-oriented 

parametric design methodology for early-stage residential 

design in Northern China. Through theoretical development, 

algorithm implementation, and case study validation, the 

methodology demonstrates its effectiveness in enhancing 

energy efficiency in residential architecture. By leveraging 

digital tools and artificial intelligence, the approach offers a 

transformative solution for sustainable design in cold climates. 

Future research will continue to expand the methodology's 

capabilities, addressing broader performance criteria and 

more complex design scenarios. 
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