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Taking a typical rural building as an example, the paper compares various factors
that affect the heat load of the building, studies related literature and the living
habits of rural residents, and suggests that the calculated temperature of the heat-
ing room in rural residential buildings in cold areas in winter is 14~17 °C. Ana-
lyze and compare the initial investment and the investment pay-back period after
the thermal insulation measures are adopted for each envelope structure. With
the dual goals of energy conservation and economy, it is recommended that rural
households with different economic conditions adopt different thermal insulation
measures to provide clean heating in rural areas in the cold north. Provide strong
technical guidance for energy conservation and emission reduction.
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Introduction

With the continuous development of new rural construction and the improvement
of people’s living standards, residential buildings in rural areas are increasing rapidly, and the
demand for heating in rural areas is also increasing. According to survey statistics, northern
rural energy consumption accounts for 56% of the country’s total rural energy consumption,
and more than 80% of rural energy consumption is used for heating. Since most rural buildings
do not take thermal insulation measures and generally use non-centralized heating, the heating
equipment is relatively backward, so the energy consumption of rural heating remains high, and
pollution is serious. The energy consumed for heating is closely related to the heat load of the
building. Taking a typical rural building as an example, this article discusses the main factors
affecting the building’s heat load by comparing the heat load of the building under different in-
terior design temperatures and different envelope structures. Energy conservation and economy
are the dual goals [1]. Through energy conservation and economy analysis, it is recommended
that rural households with different economic conditions adopt different insulation measures
according to their economic conditions.

Introduction typical rural buildings in
cold northern regions

By studying buildings' structural characteristics in the northern region and combining
the actual situation, a typical rural building in the region is adopted. The main building plan
is shown in fig. 1. It can be seen from the figure that the typical building is mainly composed
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of bedroom — 1, living room, and bedroom — 2. It consists of a building area of 70 m?, a re-
inforced concrete flat roof, building height 3.5 m, window width 3 m, height 2 m, outer door
width 2 m, height 2 m, inner door width 1 m, and height 2 m. Some scholars have found that
the shape coefficient of rural buildings is between 0.58 and 0.88, which is importantly related
to the fact that rural houses are independent households and the buildings are mostly one-story
and two-story buildings. The figure coefficient of this typical building is calculated to be 0.83,
which is higher than the limit of 0.52 (the number of floors <3) stipulated in the Energy-saving
Design Standard for Residential Buildings in Severe Cold and Cold Areas JGJ26-2010, which
shows the need for thermal insulation measures
in rural buildings [2]. This building's window-
to-wall ratio is 0.43, which is slightly lower
than the limit of 0.50 (south) in cold areas. Ta-
ble 1 shows the building parameters. This paper
calculates buildings' thermal load by changing
[ the building envelope's materials and proper-
ties, studying the factors that affect the thermal
load of rural buildings, and provides effective
guidance for constructing new rural areas.

Figure 1. Lay-out plan of a typical
rural residential building

Table 1. Outdoor calculation parameters

Heating calculation Air conditioning Average wind speed Relative Atmospheric
temperature [°C] | calculation temperature [°C] in winter [ms ] humidity [%] | pressure [Pa]
-53 =7.7 29 53% 101910

Heat load calculation

Through the basic heat consumption calculation formula of the envelope structure:
Q; = akF (1, ~1,) (1)

where Q; [W] is the basic heat consumption, K [Wm2°C'] — the heat transfer coefficient of the

envelope structure, F'[m?] — the heat transfer area of the envelope structure, ¢, [°C] — the calcu-

lated indoor temperature in winter, and ¢, [°C] — the calculated temperature outside the heating.
Additional (correction) heat consumption of the enclosure structure:

0=0;(1+ B+ B + Bung ) (1 B ) (1+ Bran) )

where QO [W] is the heat consumption of the enclosure structure after considering various addi-
tions, O; [W] — the basic heat consumption, /., — the orientation correction, S, — the wind cor-
rection coefficient, f,.,, — the two external wall correction, 3, — the additional height coefficient,
and f;,, — the intermittent additional rate.

The penetration of cold air consumes heat:

Q2 = 0.28prcp (tn —tw) (3)

where V' [m*h™'] is the total amount of air that penetrates the room through the gaps between
doors and windows, p,, [kgm™] — the air density at the calculated temperature outside the heat-
ing room, and ¢, [KJkg'°C™'] — the specific heat of cold air at constant pressure.
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The intrusion of cold air consumes heat:
0, =0.278V,.¢,p, (1, —1,) (4)
where V,, [m*h '] is the amount of cold air-flowing in.

Analysis of factors affecting heat load

The influence of indoor design temperature
on building heat load

Due to the planar distribution of rural houses, and some additional rooms such as
kitchens, toilets, and other auxiliary rooms are generally located in the courtyard, farmers often
need to shuttle between the indoor living rooms and the extra rooms distributed in the court-
yard. Besides, farmers often enter and exit. Indoor living rooms and courtyards generally wear
thicker clothes in winter. If the interior design temperature is high, farmers will have to change
clothes frequently. This is not only inconvenient but also easy to cause a cold [3]. Therefore,
rural households' living habits and the distribution of rural houses determine that the interi-
or design temperature in winter should not be too high. Some scholars found that the indoor
temperature of rural houses in winter is 11.5 °C, which is seriously lower than the indoor de-
sign temperature of urban houses of 18 °C. Houses with an average indoor temperature below
12 °C accounted for 56% of all tested houses, and houses above 12 °C accounted for 48% of all
tested houses. The Technical Guidelines for Energy Conservation of Rural Residential Build-
ings in Severe Cold and Cold Areas put into trial operation in 2009 put forward that the calcu-
lated temperature of the winter heating interior design for the main rooms of rural houses is
14~18 °C. The article stated that the main rooms of rural houses refer to bedrooms and living
rooms, and this temperature is used as the calculated temperature for heating design. Many
rural survey results show that due to the large difference between farmers' daily life and living
habits and urban, the temperature requirements cannot be the same. Many farmers think that a
comfortable heating temperature is 14~15 °C. Some scholars have researched the comfortable
temperature of the indoor thermal environment in rural houses in severe cold areas in winter
and suggested that the comfortable temperature range is 15~18 °C. Through the research of the
literature, the thesis sets the indoor building design temperature as 14 °C, 15 °C, 16 °C, 17 °C,
and 18 °C to calculate the indoor heat load for comparison. The performance parameters of the
main envelope structure are shown in tab. 2.

Table 2. Performance table of the main enclosure structure

Name Exterior wall Outside window Roof Ground Exterior doors

The plastered brick | Single-layer glass | Cast-in-place Non-insulated
Bedroom 1 | wall inside and outside | wooden frame |reinforced concrete -

surface, K=1.53 | window, K=4.7 | slab, K=0.788 floor
Living A plgstered brlck.wall Single-layer glass . Cast-in-place Non-insulated Double-laye.r
room inside and outside wooden frame |reinforced concrete foor wooden exterior
surface, K = 1.53 window, K=4.7 | slab, K=0.788 door, K =2.33

The plastered brick | Single-layer glass | Cast-in-place Non-insulated
Bedroom 2 | wall inside and outside | wooden frame |reinforced concrete| " ° ﬂoSol:‘ © -
surface, K = 1.53 window, K=4.7 | slab, K=10.788
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The calculation results of building heat load at different indoor design temperatures
are shown in tab. 3. It can be seen from the calculation results in the previous table that as the
interior design temperature increases, the heat load of the same building increases. From the
calculation results, it can be seen that for the building, when the interior design temperature
increases by one °C, the heat load increases by about 298 W. Since the various envelope
structures in this calculation have not taken thermal insulation measures, the calculated heat
load index is far greater than the value specified for building energy-saving [4]. Due to the
lack of guidance from professional, knowledgeable personnel in construction in rural areas
and the limitations of economic conditions, most of the enclosure structures of rural buildings
have not adopted thermal insulation measures, which is the main reason for the large heating
energy consumption in rural areas. This fully demonstrates the necessity of using thermal
insulation measures for building envelopes in rural areas. Based on the calculation results
and related literature investigations, the author believes that according to rural areas’ living
habits, the winter heating design temperature is set at 14~17 °C. This temperature can meet
the heating needs of rural areas and meet the frequent needs of farmers. The need for access
to courtyards and residential buildings.

Table 3. Heat load calculation table under different indoor design temperatures

Interior design temperature 14 °C 15°C 16 °C 17 °C 18 °C
Total load [W] 6123.8 | 6440.9 | 6758.1 | 70752 | 73924
Thermal index [Wm™?] 87.5 92 96.5 101.1 105.6

The influence of envelope structure on thermal load

From the aforementioned calculation results, each enclosure structure’s load can be
obtained under the condition of 16 °C. The external wall accounts for the largest proportion of
the total load, reaching 54%, followed by the roof accounting for 17% of the total load, then the
external window accounting for 15%, and the ground accounting for 15%, the minimum pro-
portion of external doors is 2%. Due to rural families' living habits that require frequent opening
and closing of doors to enter and exit residential buildings and courtyards, there was no discus-
sion on the external doors. The following will analyze each enclosure structure except the door.

The influence of external wall structure on building heat load

The thesis sets the heating indoor design temperature of 16 °C in winter and calculates
the influence of different envelope structures on the heat load of rural buildings. The exterior
wall generally lacks thermal insulation measures in rural houses in cold regions. Even in newly
built houses, the exterior wall still lacks thermal insulation [5]. On the one hand, due to the
lack of professional and technical personnel to guide, review and supervise the design and
construction of rural houses, farmers' self-built houses mostly adopt the common practices of
most villagers, on the other hand, farmers' awareness of wall insulation and building energy
conservation is weak and lacks professionals. Guidance and publicity, at the same time, eco-
nomic conditions are also a key reason for the lack of insulation practices in farmers' housing
construction.

In this section, three different brick walls with thermal insulation measures are set,
namely solid clay bricks (cement polystyrene board), K = 0.698, solid clay bricks (polystyrene
board), K = 0.594, solid brick walls (polystyrene board, Benzene board), K = 0.441, the perfor-
mance of other enclosure structures is shown in tab. 4.
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Table 4. Performance table of the enclosure structure

Name Exterior wall Roof Ground Exterior doors
Bedroom 1 Single-layer glass wooden| Cast-in-place reinforced | Non-insulated B
edroo frame window, K =4.7 | concrete slab, K= 10.788 floor
Living |Single-layer glass wooden| Cast-in-place reinforced | Non-insulated | Double-layer wooden
room frame window, K =4.7 | concrete slab, K =0.788 floor exterior door, K = 2.33
Bedroom 2 Single-layer glass wooden| Cast-in-place reinforced | Non-insulated _
frame window, K =4.7 | concrete slab, K =0.788 floor

It can be seen from the calculation results that when the other envelope structure pa-
rameters are kept constant, the thermal load of the building will be greatly reduced by adopting
thermal insulation measures on the external wall. For example, the building's thermal load will
be reduced by about 38.2%, after the solid brick wall (polystyrene board) is adopted. The heat
load of the building of 6758.1 W (which was mainly caused by the large area of the building's
outer wall), was reduced to 4181 W. Therefore, it is necessary to adopt thermal insulation
measures for rural areas’ outer walls in cold areas [6]. Table 5 shows the calculation table of
building heat load under different external walls.

Table 5. Calculation table of building heat load under different external walls

1 — Solid clay brick 2 — Solid clay 3 — Solid brick 4 — Ordinary 370
Exterior wall materials | (cement polystyrene | brick (polystyrene | wall (polystyrene walls. K =r3{ 53
board), K =0.698 | board), K=0.594 | board), K =0.441 > :
Total heat load [W] 4789.2 4107.6 4181 6758.1
Thermal index [Wm™] 68.4 64.9 59.7 96.5

The influence of exterior windows on building heat load

The window frame materials of rural houses in cold areas are mainly wood windows,
aluminum alloys, and steel-plastics. The window glass forms are single-layer glass and dou-
ble-layer glass. There are single-layer windows and open glass windows for aluminum alloy
windows and steel-plastic windows. The performance and thermal load calculation results of
various structural windows are shown in tab. 6.

Table 6. Heat load under different exterior windows

Wilﬁggrf;?me WAL i) coei"}i{:i?nttre[l{gﬁik‘l] LR N
Single glazing 4.7 6758.1
Wood Double-glazed windows 2.3 6267.3
Single window 6.4 7105.7
Hollow glass (air 6 mm) 3.7 6553.6
Aluminum alloy Hollow glass (air 12 mm) 34 6492.3
Single window 4.7 6758.1
Steel plastic Hollow glass (air 6 mm) 2.6 6328.7
Hollow glass (air 12 mm) 24 6287.8
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It can be seen from the previous table that the thermal insulation performance of
wooden frame double-layer windows is higher than that of wooden frame single-layer win-
dows, and the thermal insulation performance of insulating glass for aluminum alloy windows
and steel-plastic windows is higher than single-layer windows and the greater the thickness of
the air layer, the greater the thermal insulation performance. Good, so it is recommended to use
double-layer wooden windows for windows in cold areas. However, with the development of
the economy, more and more aluminum windows and steel-plastic windows are used to con-
struct new rural areas [7]. Therefore, when using aluminum alloy windows and steel-plastic
windows, insulating glass windows must be selected within the economic range to minimize
heat loss and achieve energy saving and emission reduction. It can also be seen from the table
that the effect of different types of windows on the thermal load is smaller than that of the exter-
nal wall structure. This is mainly because the window area of the model selected in this article
is smaller than that of the external wall. The orientation is in the same direction.

The influence of the house on the heat load of the building

The roofs of rural houses in the cold northern areas mainly consist of concrete roofs

and wooden roofs, and the main forms of roofs are flat roofs and sloped roofs. Among them,
concrete roofs are mostly used in new buildings,

and wooden roofs are mostly in old houses. The

6273 concrete roofs are in the form of flat roofs used
for drying food, and the wooden roofs are in the

form of sloped roofs. Concrete roofs are more

expensive, while wooden roofs are relatively

E‘;'i’;”ff;zf"e _ 6445 cheaper. Farmers choose the roof form accord-
ing to their economic conditions and preferenc-

es. The roof selected in this section has cast-in-

Cast-in-place 628 place reinforced concrete panels, K = 0.788, a
T b flat roof (rigid polyurethane foam), K =0.578, a
flat roof (EPS board), K = 0.463, and the ground

EPS board

6000 6200 6400 6600 6800 js non-insulated. The other envelope structure
Figure 2. Building heat load diagrams parameters remain the same, and the calculated
under different roofs building heat load results are shown in fig. 2.

It can be seen from the figure that the better the insulation measures adopted for the
roof, the smaller the heat load of the building. After the roof insulation measures adopted EPS
board insulation, the building heat load decreased from 6758.1-6273.5 W, and the heat load was
reduced by about 7.2%. The decline is much smaller than the decline of the outer wall, mainly
caused by the roof area being much smaller than the outer wall.

The influence of ground on building heat load

The indoor floors of rural houses in the cold northern regions mainly include three
types: compacted soil, cement floor, and brick-paved floor, basically without insulation mea-
sures and thermal resistance is far from meeting the requirements of ground insulation. With the
development of the rural economy and the improvement of farmers' living standards, farmers
have increasingly higher requirements for the living environment's comfort. Human feet are in
contact with the ground most of the time [8]. If the ground temperature is low, it will increase
discomfort, make people vulnerable to diseases such as rheumatism and arthritis, and increase
the energy consumption of heating. Therefore, it is of practical significance to take thermal
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insulation measures on the ground. Moisture-proof and thermal insulation measures for the
ground are fine stone concrete + environmentally friendly waterproof coating + extruded poly-
styrene board (K = 1.567).

The calculation results show that the thermal load is reduced from 6758.1-6371.8 W
after thermal insulation measures are taken on the ground, a decrease of 386.3 W, a decrease of
about 5.72%. The reduction in thermal load after thermal insulation measures is much smaller
than the reduction in external walls after thermal insulation measures, as shown in tab. 7.

Table 7. Heat load under different ground

Floor material Non-insulated floor Thermal insulation floor (environmental protection
waterproof coating + extruded polystyrene board)
Total heat load [W] 6758.1 6371.8
Thermal index [Wm™] 96.5 91

Energy-saving and economic analysis

After analyzing various factors that affect the building's thermal load, the paper com-
pares the building’s thermal load with insulation measures the building’s thermal load without
any insulation measures. The interior design temperature of the building is set to 16 °C. The
calculated result, as shown in tab. 8.

Table 8. Heat load table of each enclosure structure before and after heat preservation

Envelope Envelope Heat load per
Struc tufe Area [m?] Material thermal load unit area
Lows [W] H. [Wm?]
Ordinary 370 wall 3620.64 30.94
Exterior wall 117 —
Solid brick wall + polystyrene board 1043.59 8.92
Wooden frame single glass 982.12 81.84
Outside window 12 -
Wooden frame double glazing 491.36 40.94
Cast-in-place reinforced concrete slab 1174.91 16.78
Roof 70
Cement mortar + EPS board 690.34 9.86
Ordinary non-insulated floor 812.82 11.61
Ground 70 i i
Env%ronmental protection waterproof 426.58 6.0
coating + extruded polystyrene board

It can be seen from tab. 9 that when heat preservation and energy-saving measures
are taken for each envelope structure, the building heat load of this typical residential building
is reduced by 6758.1 — 2819.5 = 3938.6 W, calculated according to 120 days in the heating
season, and the operating time is 12 hours. Save 20.2 GJ, equivalent to 696 kg of standard
coal (standard coal calorific value 29307 kJ). However, the initial investment will inevitably
increase after adopting thermal insulation measures, so it is not enough to consider only energy
conservation [9]. The initial investment of the envelope structure and the investment's pay-
back period must be discussed to obtain thermal insulation measures suitable for rural areas to
achieve energy conservation and economy.
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Table 9. Heat load table without and without insulation measures

Name Heat load without heat preservation [W] | Heat load after heat preservation [W]
Total heat load [W] 6758.1 2819.5
Thermal index [Wm™] 96.5 40.3

The heating in rural areas in the cold northern areas is mainly coal. The coal types are
mainly bituminous coal and anthracite. The burning of coal will cause serious air pollution. The
heat load of a building is directly related to the amount of coal burned, so the building’s heat
load is discussion and research on influencing factors is of great significance. Most of the coal
used for rural heating is bituminous coal, which has a calorific value of 6000 kcal/kg and a price
of 695 CNY per ton. In rural areas, scattered coal heating stoves are diverse, and the measured
thermal efficiency varies greatly, with an average of less than 40%, so the thermal heating ef-
ficiency is 0.4. According to the villagers' living habits, the heating time is 120 days, and the
daily operating time is 12 hours. The economic comparison of various enclosure structures and
the pay-back period of investment are shown in tab. 10.

Table 10. Economic analysis of different envelope structures

L8 i i i +
Building envelope 2 Lavus O}lts1de Roof Ground EXte.n or vyall
wall window exterior window
Environmental protection Polysty-
Insulation materials Polystyrene | Wooden frame EPS board|  waterproof coating + rene board +

board double glazing etruded polystyrene board | double glass

Load after heat

. 4181 6267.3 6273.5 6371.8 3690.3
preservation [W]

Load difference
before and after heat| 2577.1 490.8 484.6 386.3 3067.8
preservation [W]

Polystyrene
Insulation material board 80-
price [CNY per m?] 60-80 80-90 60-80 80-110 110, double
glass 80-90
The costof heat | 76709360 | 960-1080  |4200-5600 5600-7700 7980-10440
preservation [CNY]
Energy saving
equivalent to 1330 254 251 200 1584
bituminous coal [kg]
Pay-back 8-10 5-6 24-32 40-55 8-10

period [year]

From the aforementioned table, it can be seen that the initial investment in thermal
insulation measures for external windows is the lowest, and the pay-back period is the shortest.
Therefore, rural households with poor economic conditions can give priority to thermal insu-
lation for external windows. Due to the large area of the external wall, the initial investment is
the largest after the thermal insulation measures are taken, and the economic pay-back period
is 8-10 years. Therefore, it is recommended that farmers with better economic conditions can
take thermal insulation measures on the external wall, which can reduce the building’s heat load
to a greater extent. The initial investment of roof and ground insulation is between the initial
investment of external windows and the initial investment of external walls, but the investment
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pay-back period is more than 20 years, so it is not recommended for farmers to heat the roof and
ground. For farmers with good economic conditions, it is recommended to take thermal insu-
lation measures for external walls and external windows at the same time so that the building’s
heat load is minimal, and the investment pay-back period is 8-10 years, which can minimize
coal combustion.

Conclusions

This article analyzes the reasons for the large energy consumption of rural buildings
in the cold northern regions. Taking a typical rural house as an example, through analysis and
calculation of various factors affecting the heat load of rural residential buildings, the dual goals
of energy-saving and economic efficiency are adopted. Comparing the energy conservation
of the envelope structure, the initial investment, and the investment pay-back period after the
use of thermal insulation measures, it is found that the initial investment for external window
insulation is the lowest and the pay-back period is the shortest. The initial investment for the
exterior wall is the highest, and the pay-back period is 8-10 years. The initial investment in a
roof and ground insulation is between the outer window and the outer wall, but the investment
pay-back period is more than 20 years. Therefore, heat preservation and energy-saving mea-
sures suitable for farmers with different economic conditions are proposed. It is recommended
that farmers with poor economic conditions can give priority to the outer window. Carry out
heat preservation, such as covering the external windows with plastic film, efc. Farmers with
better economic conditions can take heat preservation measures for the external walls or exter-
nal walls and external windows according to their economic conditions. The external windows
can be double-layered or triple-layered glass. Polystyrene board or cement polystyrene board
can be used. It is not recommended that farmers unilaterally take thermal insulation measures
on the roof and ground. By adopting thermal insulation measures for the envelope structure,
the building’s heat load can be reduced, and significant energy-saving effects can be achieved
during the whole life of the building. This kind of insulation measures for the envelope struc-
ture cannot be achieved by other energy-saving and emission-reduction methods (such as clean
energy for heating, etc.). Therefore, residential buildings in cold rural areas in the north should
adopt necessary thermal insulation measures for the building envelope within the economically
allowable range to reduce heat loss, reducing heating energy consumption, and realizing that
the country advocates energy-saving and reduction. The goal of emission and environmental
protection.
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