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之间的物质循环利用、能量梯级利用、供应链关系

数据，各类数据还需考虑经济统计与生态环境等多

职能管理部门的口径一致与配套。为此应强化炼油

集群推进数字化智慧化管理进程中的三级软硬件计

量体系建设，建立与现有平台兼容的数据收集与管

理一体化系统，在数据归总时做到各部门自身制式

数据统计表格的格式统一与二次处理数据的协调匹

配。针对企业之间的物质能量交换与同类产品由多

家企业使用等实践中的复杂情况，辅以重点企业的

环评报告数据、企业实地调研与问卷调查的方式，

实现管理平台的动态更新。

（3）各流分析单元的模块化管理与松耦合可拓

展接口设计。多流协同管理系统在实践中应服务于

园区协同推进降碳减污与经济发展的多样化功能，

如以循环经济为重心时应加强对产业链网延链补链

功能的关注。因此各个流分析单元之间应预留接

口，在增改某些模块功能时能够实现灵活交互，通

过容错设计使整个系统可以稳定运行。
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（1）“双碳”目标下炼油集群的减排挑战愈发

严峻，加强多流协同的数字化智慧化管理，是炼油

集群落实“双碳”目标与循环经济工作的重要支

撑，本研究建立的底层方法可以为其他园区提供参

考和借鉴。高分辨物质流—能量流代谢路径解析是

精准刻画园区内各企业间碳量流的基础，而价值流

分析则应围绕园区实体经济高质量发展的目标与物

质—能量—碳流分析之间形成反馈。

（2）基于脱钩分析评估方法推动炼油集群节能

减排与经济增长同向同频，耦合价

值流分析量化集群内企业经济活

动与环境影响间的关联程度。通过

纵向比较与横向对标的长时间序列

动态分析，识别炼油集群复杂交织

产业链中的关键企业与生产工艺节

点，推动炼油集群能耗与碳排放从

相对脱钩向绝对脱钩转变。

（3）建立的多流协同降碳减污

管理系统应具有数据资源采集、多

源数据分析、数据驱动决策支撑等

基本功能，综合宏观集群—中观企

业—微观工艺等多层级进行数据集成与平台展示，

构建模块化嵌套与可拓展接口的多流协同分析单

元，实现多部门管理数据的协调兼容与多源异构动

态数据的实时管理。
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Abstract: As a typical process-oriented industry, refinery clusters feature complex product networks and reaction processes. Their 
production equipment is characterized by multiple input-output and coupled interaction of material and energy flows, facing big challenges in 
carbon mitigation and pollution reduction. Through integration of material, energy, carbon and value flows, this study establishes construction 
methods for a multi-flow synergistic management system to mitigate carbon emissions and pollution for refinery clusters. By applying 
longitudinal tracking and horizontal benchmarking of the decoupling index, the study promotes the transition of refinery clusters from 
relative decoupling to absolute decoupling between energy consumption/carbon emissions/pollution and economic growth. A large-scale 
comprehensive refinery cluster in China is then selected to illustrate the technical path of system construction. The multi-flow synergistic 
management system should encompass basic functions such as data resource collection, multi-source data analysis, and management 
decision support, integrating and displaying multi-level data at macro, meso, and micro levels―including refinery clusters, industrial chain 
networks, key enterprises, and critical process units―on a unified platform. During the construction of main modules including energy flow 
and carbon flow, the identification of paths of material and energy metabolism within and between companies should be emphasized, such 
as steam supply networks and material partition supply. In addition, missing or double counting carbon emissions from energy consumption 
or industrial processes should be avoided when crude oil is both used as energy and raw materials. The platform’s multi-flow coordinated 
units are recommended to be built based on modular nesting and expandable interfaces. This supports harmonized data management across 
bureaus and real-time handling of heterogeneous dynamic data from various sources.
Keywords: refinery cluster; material and energy flows; mitigation of carbon emissions and pollution; carbon flow; value flow


