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What is continuous manufacturing in Pharma Production? 在制药行业中，什么是
连续性生产？ 

Advantages and challenges 优点和挑战 

Types of continuous manufacturing lines 连续性生产线种类 

Continuous wet granulation manufacturing Line 连续性湿法制粒生产线 

Direct compression lines 直接压片法生产线 

PAT integration PAT整合 
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Intro: Industry 4.0 philosophy at a glance  工业4.0观点概述 

• Industry 4.0 – other aspects to be considered   
工业4.0–其他有待考虑的方面 



Industry 4.0 – the 4th Industrial Revolution 
工业4.0 – 第四次工业革命 
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电子和信息技术 
 

互联性 
虚拟性 
扩张性 

以电气为动力的大规模生产 
 

以水和蒸汽为动力的机械设备 
 

机械化 

电气化 

自动化 
网络化 

18世纪末 
第一台机械织布机
诞生于1784年 

20世纪初 
第一条生产线于1870年在
辛辛那提屠宰场出现 

20世纪70年代初 
第一个可编程逻辑控制器
Modicon 084出现于1969年 

现今 



The Characteristics of Industry 4.0 
工业4.0的特点 
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 Goal: Individualization (Lot 1) 
at the cost of a mass product
全球：以大规模生产为代价的
个性化（批量1） 
 

 Highly flexible, productive, 
resource-efficient production  
高度灵活、高生产力、资源节
约型生产 
 

 Real-time adjustment and 
optimization of processes      
实时调整和过程优化 
 

 Intelligent assistant systems 
support the workforce 
支持劳动力的智能辅助系统 
 



The Digital Agenda and Industry 4.0  数字议程和工业4.0 

1.) The Digital Agenda – not only a production topic  
 数字议程 – 并非只是生产的课题 
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数字经济（B2B） 

工业4.0和互联网经济 
智慧能源系统 

机动性（电力机动性、 
汽车、交通） 

数字社会（B2C） 

智能健康 
数字信息社会 

智能家居 

数字议程 

数字世界的基础 

网络扩展和网络中立 
网络安全 

教育 
数据保护 



2.) Industry 4.0 
 工业4.0 

Industry 4.0 – Cyber-Physical Systems  工业4.0 – 网络-物理系统 

 Products with embedded hard- and software / Tracebility
搭载嵌入式硬件和软件/跟踪的产品 

 Sensors and actuators responding to the physical environment / input 
响应物理环境/输入的传感器和驱动器 

 Use of Internet protocols and services to networking 
互联网协议和联网服务的使用 

 Interaction across application borders 
跨应用程序边界的交互 

 Control business and complete value creation 
networks in real-time 
实时列控业务和完整的价值创造网络 

Source: www.acatech.de/cps und Gausemeier 
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The Digital Agenda and Industry 4.0 数字议程和工业4.0 



Industry 4.0 and the human being  工业4.0和人类 

 Networked objects initiate and deliver information and data for decisions 
    网络化的对象启动并提供决策所需的信息和数据 
 Processing and distribution of information in real-time  实时处理和分发信息 

 People / employees do decisions; individually and in groups groups 
   人员/员工决策；以个人和团体小组的形式 

That means...   这意味着…… 
 Mobile information and communication technologies for employees  
    – even on the shop floor  甚至是车间的员工都可使用移动信息和通信技术 
 Access to information in real-time  实时获取信息 
 Group communication  团体交流 
 Social Group Decisions for effective decision findings  社会群体决策产生有效的决策结果 

3.) Industry 4.0 – Cyber-physical produktion systems 
     Networked people and objects decide cooperatively  
3.) 工业4.0 –网络-物理生产系统  网络化的人和物共同决定 

Source: www.acatech.de/cps und Gausemeier 
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The Digital Agenda and Industry 4.0  数字议程和工业4.0 



Continuous Pharmaceutical Production 
连续性制药生产 
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初级生产步骤 次级生产步骤 



Source: Siemens:Continuous manufacturing – Moving towards real-time release   

Batch vs. Continuous Manufacturing 
批量生产 vs. 连续性生产 
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从计量仪进入透明壳 
片剂生产的连续性制药场景 
 



Batch in Continuous Manufacturing 
连续性生产中的分批 
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时间 

总量/数量 
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Time-to-Market 
投放时间 

MASCHINE 
PARAMETERS 

Scale-Up 
可按比例增加 

Product Loss and QA 
Costs  

产品损耗和质量保证成本 

Product Quality 
产品质量 

CapEx & OpEx 
资本支出和运营支出 

Lead Time 
交货时间 

Safety and Eco Footprint 
安全和生态足迹 

 
 

Batch Size 
批量大小 

 

Explore a wider range of process 
parameters with less material and 
in less time 以更少的材料和更少的
时间探索更广泛的工艺参数 

Possibility of producing 
virtually any required 
batch size with smaller 
equipment range   
可以在较小的设备范围内
生产几乎所有需要的批量 

Flexible batch size 
determined by time and 
production capacity   
可由时间和生产能力灵活
决定批量大小 

Process performance Yield 

2-sigma 69.2% 

3-sigma 93.3% 

4-sigma 99.4% 

5-sigma 99.98% 

6-sigma 99.99966% 

 

Implementation of PAT and APC to 
achieve higher process stability 采用
PAT和APC，获得更高的工艺稳定性 

No intermediate 
product storage   
中间无需存储产品  

• Less material handling 
is required 所需的材料
处理更少 

• Smaller footprint leads 
to less energy 
consumption  占地面
积小，能源消耗低 

CM to reduce costs  
CM可减少成本 

Motivation  
& Drivers 

动机和驱动力 

Motivation & Drivers 
动机和驱动力 
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Technical challenges 
技术挑战 

Reengineering of unit operations   
单位操作的再造  

Gaining process experience with the continuous equipment   
获得连续性设备的过程经验 

Continuous transfer of the materials from one operation to the next   
连续地将物料从一个操作转移到下一个操作 

PAT and Real-time Release implementation   
PAT和实时发布实施 

Product tracing and rejection  产品跟踪和抛弃  

Overall control system with advanced process control algorithms   
采用先进过程控制算法的整体控制系统 
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1 

3 

4 

Big Pharma has widely evaluated CM in the last 5 to 10 years.   
在过去的5到10年中，大型制药公司广泛评估了CM。 

► The point-of-no-return has been crossed! 

2 Generic manufacturers are behind Big Pharma but currently start to invest.   
一般厂家落后于大型制药公司，但现在也已开始投资。 

Wet Granulation and Direct Compression are both important.  湿法制粒和直接压片都很重要。 
 

►  Wet Granulation (WG) is at the moment the dominant route of manufacturing 
►  Direct Compression (DC) is often selected for first investment in CM as it is simpler than WG 

CM is relevant for new drugs and also existing batch products! CM与新药和现有批次产品紧密相关！ 
 

► Vertex got FDA approval for a new drug Orakambi 
► J&J got first FDA approval for shift from batch to CM for Prezista in early 2016 

Continuous Manufacturing - Key Facts  连续性生产 - 重要事实 

5 CM is promoted by FDA. FDA在推广CM。 

6 Equipment suppliers have started to develop CM technologies and equipment:  
Fette Compacting, Glatt, GEA, Bohle, Bosch,  
设备供应商已经开始开发CM技术和设备：GEA，Glatt，Bohle，Bosch Fette Compacting。 



NIR-sensor 
NIR传感器 

VisioNIR- 
sensor 

VisioNIR传感器 

Feeder 
进料器 

Blender 
搅拌机 

Tablet press 
压片机 

Test Facility in Schwarzenbek Test Facility at Fette Compacting Germany 
德国菲特测试设备 
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Technical Aspects of the Tablet Press 
压片机技术现状 
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Operating continuously by design  通过设计实现连续运行 

Data aquisition and management in press   
在压片机上进行数据采集和管理 

Software development is core expertise of Fette Compacting  
软件开发是菲特的核心专长  

Hard- and Software modifications possible for new  
and existing equipment   
新设备和现有设备可能进行硬件和软件修改 

In-line PAT implementation  线内PAT实施 
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Industry 4.0 implementation 
The major challenges are still in the field of IT 
工业4.0实施   IT领域仍存在重大挑战 

唯一标识 

交互性 

信息安全信任 

物联网基础 

工业4.0基础 

数字化工厂/ 
附加加工基础 



Industry 4.0 is more than just Technology  
… it is a holistic concept 
工业4.0不仅只是技术，更是一种整体观念 
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现在的信息使用 

 间接信息流，互不关联 

 极少记录数据，常手动转换数据 

 无/低效使用现有数据 

 工业领域很少使用“分析学” 

 

未来的信息使用 

 直接信息流 

 大规模集中收集、处理异构数据 

 机器和工厂的数字副本 

 “大数据”、“分析学”和模拟 
 实时监控和预测 
 维护和可靠性预测 
 新型售后服务 
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Connected Devices exceed the world population  
… already since 2008 
2008年起联网设备已超过世界人口 

2008年，联网设
备数量超过人口
数量 

世界人口 联网设备 
人均联网设备 



Successful implementation of Industry 4.0 requires  
to address and overcome challenges 
成功实施工业4.0需要克服各种挑战 
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A real paradigm shift:  
“Industry 4.0” cannot be realized with 
Users & Operators on “level 2.0 / 3.0” 
真正的范式转变： 
“2.0/3.0的用户和经营者无法实现工业4.0” 

人员方面 

国外产品 

组织方面 

信息技术和法律方面 

数据数量和质量 
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