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 S Abstract 
In the concrete and steel forest of modern cities, buildings have the same trends 
and characteristics. Contemporary urbanites repeat their boring and tedious work 
in such an environment, and the sense of hierarchy and richness of life is gradually 
worn out. People rarely get close to nature and are gradually disrupted by the fast 
pace of the city. Modern people need an "ecological workshop" to awaken the 
wildness in their souls, temporarily "escape" from the city, and provide a place for 
people who work hard in the city to relieve stress, ecological education, and 
farming. It is a place of spiritual relaxation for people who work hard in the city. 
The authors investigated the technical means of resource recycling housing and its 
evaluation criteria, and went to understand the overall planning of Shenyang City 
and the existing problems of the project site—Gulazi Village, to analyze the con-
notation of resource recycling technology and its feasibility in cold places. We 
propose a set of design solutions for a cold-land resource recycling village house 
in Gulazi Village, Shenyang, and detail the entire technical strategy from plan-
ning, design, construction, use, demolition and disposal to reuse. The design 
process and design scheme of the new cold land resource recycling village house 
are summarized to provide reference and reference for the design of cold land re-
source recycling village house. 
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1. Background 
1.1 Social conditions 

At this stage, the overall resource utilization rate in Northeast China is low, the application rate of passive green 
building technology is low, energy consumption is high, and most areas still use the original heating method, and the 
harmful waste generated by combustion brings continuous pressure to the environment, which is not in line with sus-
tainable development. The demand for "landscape heat" in the cold Northeast is high, and there is a contradiction be-
tween the existing low output, high energy consumption and high demand. In the Northeast of China, there is not yet a 
set of promotion program for rural resource recycling green building, and the design of resource recycling green build-
ing is still one-sided. In the rural areas of northeast China, the concept of resource recycling is disconnected due to the 
special environment, severe winter, large base of raw material consumption, low energy output and large waste emis-
sion [1]. 

Nowadays, people are living in modern cities, and the fast-paced urban life, which is tense and confined, has brought 
them a certain amount of anxiety and irritation [2]. In the project site, there is no tourist area, B&B hotel, or resort type 
building. There is also no direct connection between the indigenous people and the project. 
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A sudden epidemic in 2020 shattered the original calm, and in the aftermath of the epidemic, there is a need to re-
think the building design to reach possible future and ongoing epidemics or natural disasters. Therefore, we urgently 
need to create a new type of cold-land resource recycling rural housing. Combine the characteristics of the cold climate 
in the northeast, transform the local surplus crop waste into construction materials, integrate the time sequence of con-
struction, demolition and use and maintenance of the three states, and establish the most appropriate full cycle of build-
ing life. We will make the village fully sustainable in economic, ecological and social aspects. We will also explore a 
new construction model: creating a variety of spatial scale modalities based on ergonomic and environmental behavior. 
We will create a new sustainable and scalable construction model with menu-based user choice and semi-self-service 
low-tech and high-efficiency construction. 

1.2 Natural Climate 
Shenyang is located in the northeastern provinces and belongs to a cold region with four distinct seasons, a long dry 

winter and a hot summer. The supercooling period lasts from the beginning of November to the end of March of the 
following year, and the transition season is spring and autumn, when the temperature will rise and fall rapidly. The 
temperature varies between -17℃ and 29℃ throughout the year, rarely below -23℃ or above 32℃, which requires 
consideration of summer insulation and winter heat preservation [3]. According to ECOTECT software, we can know 
that the climate of Shenyang city has the problems of cold winter, hot summer, short transition season, sudden drop or 
rise of temperature, and general utilization of solar energy resources. 

   
Figure 1. Best orientation of sunlight in Shenyang area.         Figure 2. Annual wind environment in Shenyang. 

The base is located in Gulazi Village in Shenyang, Liaoning Province, a village with a beautiful natural environment, 
rich farming and rural life, and full of northeastern characteristics. The original site is far from the hustle and bustle of 
the city and is a piece of pure land blended with nature. The surrounding area is equipped with a glance of Fang Hua 
project planning prospect, with potential value for development [4]. 

 
Figure 3. Air humidity in Shenyang.                   Figure 4. Shenyang Thermal Environment. 
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Figure 5. Scene map of the base. 

2. Overview of resource cycle system 
2.1 Meaning and components of resource recycling housing 

The development concept of resource-cycled housing technology is to consider the whole life cycle of a building and 
divide the whole life cycle of a house into the planning and design stage, the distribution and production stage of build-
ing materials and equipment, the construction stage, the use stage, the demolition stage and the disposal and regenera-
tion stage. The core technologies related to resource-cycle housing are defined: low emission durability technology, 
demolition technology, reuse technology, regeneration technology, non-depletion energy technology and evaluation 
management technology [5]. The technologies related to resource-cycled housing are organized into their own technol-
ogy development system through the entire life cycle of the housing and the six core technologies. It is sustainable to 
provide comfortable living and can be reused by the occupants through their own maintenance and renewal effective-
ness. If the technology is applied to the housing, then the housing product will be sustainable. 

2.2 Design basis 
Based on the national and local standard atlas combined with new technology to make appropriate improvements, 

take the future economic affordability as a basis for the selection of high-performance materials with economy in com-
parison, based on the study of building pathology, the principle of prevention into the design of the structure. 

2.3 Technology strategy 
The pre-design preparation should be done to plan the environment, and the new plan made should be in harmony 

with the surrounding environment. After the pre-preparation stage, we can enter the planning and design stage, which 
takes four points into consideration: durability, easy disassembly, energy-saving design, which is often referred to as 
passive design, and the need to respond to the lifestyle. In the formal construction phase, attention should be paid to the 
reduction of resources, high performance of components, and the mitigation of natural and living environment interfe-
rence, as well as the long life cycle of buildings and components, and more recycling issues. In the use phase, attention 
should be paid to the change of human behavior. Attention should also be paid to the problems that may be faced in the 
demolition phase. So it is important to think about the reuse destination, dismantling methods and procedures during the 
pre-planning. It is also necessary to do a good assessment of its impact. Finally, the reuse phase should be handled with 
special attention to legislation as well as publicity and education to promote re 

3. Planning 
3.1 Regional Status 

The project is also surrounded by tourist areas, B&B hotels, and resort type buildings. There is no direct connection 
between the aboriginal people and the project. The rural environment in Northeast China is unique, with severe winters, 
a large base of raw material consumption, small output energy, and large waste emissions, which are disconnected from 
the concept of resource recycling. 

3.2 Extraction of planning and design concepts based on Sverre software simulation analysis 
Firstly, the authors conducted experiments comparing the wind fields of parallel alignment and staggered alignment 
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using Sverre ventilation VENT software. 
Under the premise of ensuring sunlight, the smaller the distance between two rows of buildings, the more ideal the 

wind environment of the enclosed space. From the simulation, the wind environment in the leeward direction of the 
building group of row layout is the best, which is suitable for the courtyard arrangement. 

                
Figure 6. Summer wind arrays aligning southward winds.   Figure 7. Summer winds staggered to align southward winds. 

Therefore, in the consideration of outdoor wind environment and energy saving, while considering the relationship 
between households, it is recommended that a family-style layout is appropriate. The joint layout of the buildings not 
only optimizes the outdoor wind environment, but also promotes neighborly relations to a certain extent and provides 
convenience in communication for villagers living in the cold winter environment of the Northeast. 

A site analysis was then performed, as follows: 
Whether in winter or summer, the wind speed at the outdoor pedestrian height of the building did not exceed 4m/s in 

most areas, meeting the standard "wind speed less than 5m/s at 1.5m elevation in the area around the building". Under 
the effect of northwest wind in winter, the pressure difference between the front and rear of the pedestrian height around 
the building is below 5P. 

        
Figure 8. Winter wind speed cloud map.                Figure 9. Summer wind speed cloud map. 

The authors used Sverre Insolation SUN software for insolation analysis, as follows: 
The curved street space line avoids the formation of wind ducts and widens the east-west street, which helps the sun-

light and solar energy utilization in winter. The ratio of street width to building height on both sides is the most impor-
tant factor to determine the comfort of street space, and it is most suitable when the width/height is greater than 1/2 and 
less than 1/3. 

 
Figure 10. Two-hour sunshine simulation shadow superimposed on the big cold day. 



Deqing Bu, Enying Li 
 

 

DOI: 10.26855/ea.2023.06.023 271 Engineering Advances 
 

The buildings were finally arranged in a joint row taking into account the outdoor wind environment and the need for 
energy saving, as well as the relationship between the households. To avoid the formation of wind ducts the street space 
was linearized and the east-west street was widened in order to help with winter sunlight and solar energy utilization. 
The formation is planned as in Figure 11. 

 
Figure 11. General plan. 

4. Architectural trial design 
4.1 Creating a cold-land resource recycling type of housing 

The technology development concept of resource-cycled housing takes the whole life cycle of a building into consid-
eration, and divides the whole life cycle of a house into the planning and design stage, the distribution stage of building 
materials and equipment, the construction stage, the use stage, the demolition stage, and the disposal and recycling stage. 
The core technologies and evaluation system related to resource-cycled housing are clarified, and the three main cha-
racteristics of resource-cycled housing, namely durability, low-cost operation and recyclability, are defined to provide 
comfortable living in a sustainable manner. Moreover, the occupants can effectively reuse it through their own main-
tenance and renewal. The authors will mainly focus on the manifestation of durability, including both functional and 
physical durability, low-cost operation, and recyclability. 

4.1.1 Durability 
Functional durability includes variable occupancy planning, modular replacement, maintenance management, and 

new equipment. Physical durability includes maintenance of the main body, structural planning, and living performance. 
Depending on the combination selected by the user, it is possible to produce diversified styling results, and to add or 
replace different functional blocks according to the structural changes of family members, so that each plan can be 
changed within the set according to the requirements of the life development stage. 

We have also established a module system that allows for modular replacement of parts. At the same time, the piping 
and wiring are set up independently for easy maintenance management, and we also prepare for the introduction of new 
equipment interfaces in the future to achieve maintenance management and durability on new equipment. 

The separation of the main structure from the interior parts and equipment piping is the durability of the main struc-
ture, and not only that, but also the thickness of the exterior walls and the thickness of the roof surface should be consi-
dered comprehensively, which also ensures the durability of the main structure of the residence. We also need to deal 
with the relationship between the main structure and the space inside the set flexibly and set the floor height and net 
height reasonably to ensure the durability of the main structure and the space inside the set and maintain the long-term 
living standard. The reasonable thickness of floor slab, partition wall, sound insulation performance and heat preserva-
tion performance also meet the durability of living performance. 

4.1.2 Low cost of operation 
The low cost of operation is reflected in the use of passive technologies. There is also the selection of economical 

high-performance materials based on future affordability in comparison, loss-free energy consumption technology and 
recycling technology. It consists of the following elements: 

1) Using breathing tiles as the interior finish of the house can intelligently adjust the air humidity, purify the indoor 
harmful gases and odors also can decompose harmful gases. 

2) The house can choose to use integrated light guide system and directional refractive glass to increase indoor 
diffuse light illumination. 

3) Users can also choose whether they need a sunroom or not. Sunroom can choose transparent thermal resistance 
material (TIM) wall in the heat collection at the same time will have a certain positive impact on ecological 
protection of the environment, but also can choose the Trumbull wall, according to the season good regulation 
of indoor temperature. 

4) Choose the heating floor for indoor heating, heating floor electric heat conversion rate of 96% or more, more ef-
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ficient than other heating methods, energy saving. At the same time, it has the characteristics of safety, envi-
ronmental protection and long life. You can also choose pebble heat storage technology combined with photo-
voltaic photo thermal PVT new environmentally friendly heating technology for efficient heating 

5) Increase the temperature difference power generation technology inside the wall, using the cold climate of the 
Northeast indoor temperature difference for power generation. 

6) Adding gray water heat recovery technology to the inlet pipe, preheating the tap water to be used so as to save 
energy, and at the same time recycling and reusing the produced water. 

7) Adding power generation flooring at the entrance to the house, which can convert kinetic energy into electrical 
energy for use. Light-emitting diodes are added to the surface of the power generation floor to be used as a 
light-emitting floor. 

8) Adopt HRV heat recovery ventilation system to save 50-80% energy compared with direct window or kitchen 
and bathroom exhaust. 

9) Indoor recommended to use more energy-saving light bulbs (fluorescent lamps) or OLED bulbs. 
10) Users can choose to use solar cooker for cooking, which saves energy and ensures heating and heating speed at 

the same time. 
11) Users can choose to grow vegetables on the roof, making efficient use of roof space. 

4.1.3 Representation in recyclability 
Combining the dismantling principle of other products to propose an easy dismantling construction solution suitable 

for building components In the system, solar energy provides hot water and heating in winter, rainwater is collected for 
watering plants, waste water provides nutrients for plants after septic tank, excreta from plants and livestock are used as 
raw materials for the digester, and biogas provides daily fuel for households. The building skeleton is made of assem-
bled light steel structure, which is easy for customers to design, install and dismantle second time and recyclable. The 
walls are made of ALC autoclaved lightweight concrete panels, or compressed straw fiber panels, rammed earth, burlap, 
adobe mud bricks and other locally specific materials, which are not only abundant in raw materials, but also ensure the 
sturdiness and stability of the building. The second design goal of the authors: to explore new modes of construction is 
also an expression of recyclability. 

4.2 Explore a new construction model 
Talk about the embodiment of recyclability leads us to our second design goal - to explore a new mode of construc-

tion. The building height was determined using Corbusier's modulus, and the building modulus was determined with 
reference to various body form factors and the effect of furniture modulus on human comfort. The architect has to de-
termine the parts that the user cannot choose on his own, such as the kitchen bathroom stairs, which we call constant 
body determination. The user can choose not only the choice of building materials, the choice of energy generation me-
thods, but more importantly, the choice of functional rooms. Based on the modulus of the pre-furniture and the frame-
work of the whole building, we list a menu of choices for the main functional rooms suitable for this residential system 
to enhance the flexibility of the space. The user can also add or replace different functional blocks as the family struc-
ture changes during use. 

5. Summary 
So when the design goal 2 - to create a variety of spatial scale modalities of behavior patterns based on ergonomic 

and environmental behavior perspectives. We will be able to create a new type of sustainable and scalable construction 
mode of semi-self-help and low-tech college construction by creating a new menu type of user-independent choice, and 
we will be able to create a new type of cold-land resource recycling rural housing relatively completely. Only then can 
the design goal be realized. 

So this design solves the problems at this stage with five perspectives. 
(1) Reducing the demand for resources that are more dependent, increasing passive green building technologies, re-

ducing the active demand for "scenery heat", making full use of the environment through new technologies, and using 
resource recycling to build homes more cheaply. 

(2) Reduce the total amount of waste emissions from all stages of the life cycle, thus reducing the economic and eco-
logical land use. We will also use energy conservation and indirect emission reduction to fulfill the promise of re-
source-recycling housing in cold regions. 

(3) Preserve the characteristics of rural life, provide a self-sufficient free living mode, improve spatial flexibility and 
comfort on the basis of rural urbanization, and have a perfect transition with urban life. 

(4) Adopt the special system of public participation in design, and meet the needs of different users "menu" design 
system. In terms of economy, through the effective use of straw stone, the economic industry of the northeast rural areas 
will be upgraded so that the indigenous people can also participate in the economy. 
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(5) Through the existing practice, we will clarify the method of promoting resource recycling housing in the rural en-
vironment of Northeast China, and make a generalized design process for components from the perspective of promo-
tion scope and usage time. 

Image source 
All the pictures are self-painted by the author. 
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