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摘 要

随着全球气候变化的加剧和能源资源的逐渐紧张，建筑节能减排成为了缓解这一问

题的关键措施之一。我国作为一个发展中的大国，建筑能源消费和碳排放问题尤为突出，

特别是在城镇居住建筑领域。本研究以江西省城镇居住建筑的能耗和碳排放为例，使用

系统动力学（SD）方法，构建了一个定性与定量评估模型，旨在深入分析江西省城镇居

住建筑能耗和碳排放的现状，并提出相应的节能减排策略。

本文首先综合能源平衡表和终端能源分解的方法构建了城镇居住建筑能耗和碳排

放的计算模型，详细拆分了建筑不同终端和设备的能耗情况，确保能够从宏观和微观两

个层面理解和计算城镇居住建筑能耗及碳排放；其次通过采用 Kaya 恒等式的扩展模型

及 LMDI 因素分解方法，进一步深入探究了影响城镇居住建筑能耗和碳排放的多种因素，

并对这些因素进行定量分析以揭示其对总排放的贡献程度；最后根据江西省发展规划目

标，设置保守情景、规划情景、积极情景在建立的系统动力学仿真模型中进行情景仿真，

并依据仿真结果提出实现江西省城镇居住建筑节能减排的对策。

本文研究结果显示：

（1）不同时期的江西省城镇居住建筑能耗和碳排放逐年放缓，单位建筑面积能耗

和碳排放强度趋于稳定，逐步向更加可持续的方向转变，因此通过调整能源结构向更清

洁的能源倾斜，有助于减少单位能耗产生的碳排放量；且江西省终端能耗碳排放主要是

由电器在生活工作中产生的，空调、热水等终端能耗占比也呈现出逐年增长的趋势，而

采暖、照明、炊事终端能耗则呈现出一定程度的下降趋势。

（2）建筑能源碳排放系数、能源消费强度对城镇居住建筑碳排放具有负向抑制作

用，单位面积居住建筑住宅支出、人均居住建筑面积、城镇化率、地区总人口规模具有

正向驱动作用，其中单位面积居住建筑住宅支出影响贡献度最大，政府与企业在未来居

住建筑碳减排路径中要关注降低节能建筑的增量成本影响效应。

（3）本文选定了 AS-1 情景（也即社会经济参数设定基准情景，市场环境参数、技

术政策参数设定高速情景）作为研究江西省城镇居住建筑节能减排路径的最佳情景，此

情景下预计 2029 年实现碳达峰，峰值为 28585.1 万吨 CO2，此时江西能实现 2030 年战

略目标，并分别从终端能耗角度、社会经济角度、市场环境角度、技术政策角度详细分

析了江西省在城镇居住建筑节能减排路径上应采取的策略，确定了加强建筑节能改造、

加大技术创新和提高建筑能效是实现节能减排目标的核心途径，并强调了在此过程中，

政府的引导和协调作用不可或缺。
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Abstract

With the intensification of global climate change and the gradual tension of energy
resources, building energy conservation and emission reduction has become one of the key
measures to alleviate this problem. As a large developing country, China's construction energy
consumption and carbon emissions are particularly prominent, especially in the field of urban
residential construction. Taking the energy consumption and carbon emission of urban
residential buildings in Jiangxi Province as an example, this study constructs a qualitative and
quantitative evaluation model using system dynamics (SD) method, aiming to deeply analyze
the current situation of energy consumption and carbon emission of urban residential
buildings in Jiangxi Province, and put forward corresponding energy saving and emission
reduction strategies.

This thesis first constructs the calculation model of energy consumption and carbon
emission of urban residential buildings by integrating the energy balance sheet and terminal
energy decomposition method, and divides the energy consumption of different terminals and
equipment in detail to ensure that the energy consumption and carbon emission of urban
residential buildings can be understood and calculated from both macro and micro levels.
Secondly, by adopting the extended model of Kaya identity and the LMDI factor
decomposition method, various factors affecting the energy consumption and carbon emission
of urban residential buildings are further explored, and these factors are quantitatively
analyzed to reveal their contribution to the total emission. Finally, according to the
development planning objectives of Jiangxi Province, conservative scenarios, planning
scenarios and positive scenarios are set up. After simulating in the established system
dynamics simulation model, the countermeasures to achieve energy conservation and
emission reduction in urban residential buildings in Jiangxi Province are proposed according
to the simulation results.

The results of this thesis show that:
(1) In different periods, the energy consumption and carbon emission of urban residential

buildings in Jiangxi Province slow down year by year, and the energy consumption and
carbon emission intensity per unit building area are gradually more sustainable. Therefore, by
adjusting the energy structure to cleaner energy, the carbon emission per unit energy
consumption is reduced, and the carbon emission of terminal energy consumption in Jiangxi
Province is mainly generated by electrical appliances in the life and work, and the proportion
of terminal energy consumption of air conditioning and hot water also shows a trend of
increasing year by year, while the energy consumption of heating, lighting and cooking is
decreasing to a certain extent.

(2) Building energy carbon emission coefficient, energy consumption intensity of urban
residential building carbon emissions have negative inhibitory effect, residential spending per
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unit area, residential building area, urbanization rate, regional total population has positive
driving effect, including residential buildings per unit area spending contribution, the
government and enterprises in the future residential building carbon reduction path to reduce
the incremental cost of energy-saving building effect.

(3) This thesis selects the AS-1 scenario (i. e., the social economy is in the planning
scenario, When the market environment and technology policy are in a positive scenario), as
the best scenario to study the energy conservation and emission reduction path of urban
residential buildings in Jiangxi Province, In this scenario, carbon peak in 2029, The peak
value was 285.851 million tons of CO2, At this time, Jiangxi can achieve the 2030 strategic
goal, From the perspective of terminal energy consumption, social economy, market
environment and technology policy, the energy conservation and emission reduction path in
Jiangxi Province are analyzed in detail, Strengthening building energy conservation
renovation, increasing technological innovation and improving building energy efficiency is
the core way to achieve the goal of energy conservation and emission reduction, And
highlighted that, in the process, The guidance and coordination role of the government is
indispensable.

Key Words: Urban residential buildings; System dynamics; Energy conservation and
emission reduction; The LMDI factor decomposition method
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1 绪论

1.1 研究背景

工业、建筑和交通构成了能源需求的核心，同时也是温室气体排放的主要贡献者。

IEA 数据显示[1]：2016 年，建筑部门的能源消费量为 28.4 亿吨标准油，占全球终端能源

消费量的 29.7%，超过工业部门和交通部门的 27.5 亿吨标准油，是能源消耗最高的部门。

在 2019 年举行的第 25 次联合国气候变化大会指出随着新兴经济体的发展，发展中国家

人口数量、建筑总量以及消费能力的飞速提升，将推动全球建筑用能以及二氧化碳排放

量不断攀升，预测至 2060 年，建筑行业的终端能源需求将比现状提高一半。尽管建筑

领域能源消耗的占比呈现快速上升趋势，但在节能降耗方面，也展现了巨大的改进空间。

2016 年，国家发改委能源所、美国伯克利实验室（LBNL）等机构共同发布《重塑能源》

研究报告[2]，为推动建筑部门的可持续发展提供参考和建议，研究数据显示：重塑能源

情景下，到 2050 年中国建筑行业有望实现大幅度节能，预计能够减少能源消耗达到 12.7

亿吨的标煤以及减少二氧化碳排放量 28.8 亿吨，建筑行业的节能潜力最大，贡献率高达

74%。作为当下快速崛起的新兴经济大国，中国的建筑能源消耗以及碳排放水准仍低于

全球平均标准，因此其节能减排还有相当的上升空间。2024 年，《中国建筑能耗与碳排

放研究报告（2023 年）》数据显示[3]：截至 2021 年，我国建筑运行阶段能耗和碳排放

总量分别占全过程能源消费的 60.4%和碳排放的 56.6%。未来，中国社会经济将继续保

持中高速的稳定增长态势，随着居民生活品质的逐步提升，建筑领域的能源需求亦将持

续攀升，因此建筑行业面临着较大的能效提升和碳减排压力，同时也被视为最具节能潜

力的关键领域，在实现国家节能减排目标方面扮演着核心角色。

为缓解全球变暖的影响，中国作为全球最大的能源消费和碳排放国提出了一系列的

低碳政策，于 2020 年提出二氧化碳 2030 年前达到碳达峰，2060 年前实现碳中和。2021

年，将碳达峰、碳中和纳入生态文明建设总体布局：“十四五”期间，单位国内生产总

值能耗和二氧化碳排放将分别降低 13.5%和 18%，到 2030 年，单位国内生产总值二氧

化碳排放将比 2005 年下降 65%以上[4]。根据《2021 年全球建筑建造业现状报告》显示

全球温室气体排放量的 73%来自能源消费，其中 35%来自建筑业，是碳排放最高的行业

之一[5]。随着城镇化水平的逐步提高，城镇居住建筑碳排放约占建筑碳排放的 40%[6]。

截至 2020 年底，全国城镇当年新建绿色建筑占新建建筑比例达到 77%，累计建成绿色

建筑面积超过 66 亿平方米，累计建成节能建筑面积超过 238 亿平方米，节能建筑占城

镇民用建筑面积超过 63%。当前我国的城镇化率约为 60%，处于高速发展阶段且仍将保

持一段时间的中高速发展，相关研究表明[7-8]，未来城镇化发展的峰值水平在 83%左右。
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