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Facts & Figures

With Headquarters in 

Wenden (NRW)

Family
Business

Managing Director 

Lena Munschek

2nd Generation
Since 2019

2000
Founded in

by Managing Director 

Herbert Munschek

47Approx. Employees

Mainly Engineers & 

Technical Drafter

6
Areas of 

Competence

Origin in Factory 

Planning for 

Plastics & 

Metal Processing



Factory Planning

Digital and Sustainable Factories, 

Flexible and Adaptable 

Production, Brownfield and 

Greenfield Planning

Process Design

Technology Assessment, 

Operational Excellence, Shop 

Floor Management, Process 

Design

Industrial Engineering

Decarbonization, Energy Audits, 

Customized Media Supply and 

Technical Building Installations,

Resource Efficiency

Logistics

Material Flow Planning and 

Warehouse Planning 

Information Logistics and Supply 

Chain Management

Project Management
Project Management Across All 

Planning and Implementation Phases, 

Relocation Management, Custom 

Workshops

Cleanroom

Layout Planning and Implementation 

of Operational Processes (Cleaning, 

Clothing, Training, Work Instructions, 

etc.) in Compliance with Qualification 

Regulations

With know-how and 
experience at your side
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Maximizing Energy Efficieny
Holistic Approach

6

Transformation

InfrastructureProcesses

Comprehensive Energy

Optimization

Energy Optimization

Holistic Energy Optimization…

          …from within – starting at the value creation process

                  … in alignment with building & operational technology

                         … advancing energy transformation

              … assessing alternative technologies

                     …  with a clear energy roadmap and technical concepts                                              

       … leveraging decarbonization strategy & step-by-step plan

                                                   … to Achieve Your Energy and Carbon Goals

Energy-Efficient Design Process and Parameter Analysis Cleanroom and HVAC Concept Energy-Efficient Initiatives Subsidies
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Energy Efficiency as a Competitive Advantage

• Reduction of Operating Costs

• Subsidy & Funding Benefits

• Electricity Tax / EEG Refund

Technology and Transformation

• Securing Long-Term Energy Supply

• Leveraging Renewable Energy

• Investing in Necessary Replacements

Sustainability & Decarbonization

• Corporate Guidelines / Goals

• Client CO2  Expectations    

• CSRD Sustainability Reporting

DIN 16247 Energy Audit & Reporting

• Mandatory for Energy-Intensive Companies

• Energy &  Environmental Management    

(ISO 50001 / EMAS) 

• Enables Electricty Tax / EEG Surcharge 

Refund

Why Focus on Energy Efficiency?
Potential Indications

Energy Optimization Energy-Efficient Design Process and Parameter Analysis Cleanroom and HVAC Concept Energy-Efficient Initiatives Subsidies
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CO2 Emissions
Energy Optimization

8

Company Downstream ActivitiesUpstream Activities

* According to GHG Protocol

PFCs

CH4

CO2

N2O

HFCs

SF6

Stationary and 

Mobile 

Combustion

Process 

Emissions

Volatilization

Scope 1
Direct

EmissionsScope 2
Energy-Related 

Indirect Emissions Scope 3
Other Indirect

Emissions

Scope 3
Other Indirect 

Emissions

Cooling &

Heating Supply

Leased Assets

Franchises

Investments

Transportation & 

Distribution

Disposal, Use and 

Processing Sold 

Products

Purchased Goods 

& Services

Transportation & 

Distribution

Leased AssetsEmployee 

Commuting

Business Travel

Waste Generated in 

Operations

Capital Goods

Fuel and Energy Related Activities

Electricity 

Supply

Mainly Cleanroom 

Ventilation & Cooling 

Systems

Energy Optimization Energy-Efficient Design Process and Parameter Analysis Cleanroom and HVAC Concept Energy-Efficient Initiatives Subsidies



9

Inhalt

CHAPTER 1

CHAPTER 2

CHAPTER 2.1

CHAPTER 2.2

CHAPTER 3

CHAPTER 2.3

Holistic energy optimization

Energy-Efficient Design in Cleanrooms (VDI 2083 4.2)

Analysis of Processes and Parameters

Cleanroom and HVAC Concept

Subsidies

Energy-Efficient Initiatives



10

According to VDI 2083 Blatt 4.2 (2025)
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Key Factors & Energy-Efficient Cleanroom Design
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Key Energy Factors

• Climate Parameters    

(Temp. / Humidity)

• Cleanliness

• Air Volume / Air Changes

• Air Velocity

• Room Pressure / Airflow

• Outside Air / Exhaust Air 

Requirements

• Filters

Secondary Factors

• Particle Emissions

• Thermal Loads

• Outside Air Volume

• Process Reliability

• Redundancy / Reserve

• Flexible Operating Hours

Energy-Efficient Design

• Process & Parameter Analysis

• Product Quality

• Process Requirements

• Target Values & Tolerances

• Cleanroom & Ventilation Concept

• Layout and Zoning

• Contamination Control / Prevention

• Airflow, Room Pressure, Volume Flow

• Energy-Efficient Measures

• Energy Recovery 

• Energy Analysis & Monitoring

• Technical Optimizations

Energy Optimization Energy-Efficient Design Process and Parameter Analysis Cleanroom and HVAC Concept Energy-Efficient Initiatives Subsidies
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Basic Assesment
Ishikawa-Based Process and Parameter Analysis

Basic Assesment as a 

Basis for Energy-

Efficient Design

ISO / GMP Classification

Airflow & Air Changes 

Cleanroom

Temperature, Humidity, Pressure

Particles & Microbiology

Monitoring & Control Systems

Quantity & Distribution
Clothing

Process Workforce

Shift System

Emissions

Activities

Qualifications

Ergonomics & Safety
ESD Requirements

Materials & Products

Packaging

Quality Requirements
Volumnes & Frequency

Utility Requirements

Time-Based Fluctuations

ESD

Environmental Sensitivity

Environmental Sensitivity

Cleaning & Sanitization

Storage & Buffering
External Conditions

Buildings & Building Services

Flexibility & Scalability

Machinery & Plants

Transport & Conveyance

Energy Optimization Energy-Efficient Design Process and Parameter Analysis Cleanroom and HVAC Concept Energy-Efficient Initiatives Subsidies
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E Nr. Position Beschreibung Festgelegter Wert Status Bemerkungen Referenzdokumente 

1 1 Verunreinigende Substanzen

1 2 Versorgung

1 3 Entsorgen

1 4 Komponenteninformationen

1 5 Anforderungen an die Prozess-Umgebung  

2 5.1 Reinheit geforderte Reinheitsklassifizierung

2 5.2 Luftströmungsprofil Luftströmungsprofile im Reinraum, das heißt 

turbulenzarme Verdrängungs-, turbulente 

Verdünnungs- oder Mischströmung

2 5.3 Luftströmungsrichtung Richtung der Luftströmung im Reinraum, das heißt 

vertikal oder horizontal

2 5.4 Luftströmungsgeschwin

digkeit

und 

Geschwindigkeitsverteil

ung

Geschwindigkeit der Luftströmung und 

Gleichförmigkeit ihrer Verteilung im Reinraum 

innerhalb des Prozessbereichs (beispielhafte Werte: 

Strömungsgeschwindigkeit: 0,2 m/s bis 0,5 m/s; 

Geschwindigkeitsverteilung: ±20 % vom Mittelwert)

2 5.5 Luftzirkulationssystem 

und -gestaltung

Bewertung der Gestaltung des 

Luftzirkulationssystems im Reinraum.

Berücksichtigung der Prozess-, Personal- und 

Umweltfaktoren, behördliche Auflagen

2 Bewertung der erforderlichen Lufttemperatur im 

Reinraum, einschließlich maximalem, minimalem und 

nominalem Wert

2 zeitliche maximale Temperaturschwankung und evtl. 

Gradient pro Zeiteinheit

2 örtliche maximale Temperaturschwankungen

(beispielhafte Werte: 21 °C bis 26 °C)

2 Bewertung der Luftfeuchteanforderungen im Reinraum 

einschließlich maximalem, minimalem und 

nominalem Wert

2 zeitliche maximale Schwankung Feuchte pro 

Zeiteinheit und evtl. Gradient

2 örtliche max. Schwankung der Feuchte

(beispielhafte Werte: 30 % r.F. bis 65 % r.F.)

5.6 Temperatur

5.7 Feuchte

Risk Assessment
Analysis of Processes and Parameters

Basic Risk Analysis Based on Project Checklist According to VDI 2083 4.1 

Identification of Potential Risks Enables Development of Tailored and Energy-Efficient Requirements

Energy Optimization Energy-Efficient Design Process and Parameter Analysis Cleanroom and HVAC Concept Energy-Efficient Initiatives

Contaminated Substances

Supply

Disposal

Details on Components

Requirments for the Pocess Environment

Level of Purity

Airflow Distribution

Airflow Direction

Required cleanliness classification

Airflow profiles in the cleanroom, i.e., low-turbulance 

displacement flow, tubulant dilution flow, or mixed flow

Direction of airflow in the cleanroom, i.e., vertical or 

horizontal

Velocity of the airflow and uniformity of ist distribution 

within the cleanroom, specifically within the process area

Airflow Velocity and 

Velocity Distribution

Air Circulation System 

and Design

Assesment of the design of the air-circulation system in 

the cleanroom, considering process requirements, 

personnel and environmental factors, and regulatory 

conditions

Temperature

Humidity

Assessment of required air temperature in the cleanroom, 

including maximum, minimum and nominal values

Maximum permissible temperature fluctuation over time 

and any resulting gradient per time unit (example values: 

21 °C to 26 °C)

Assessment of required air humidity in the cleanroom, 

including maximum, minimum, and nominal values

Maximum permissible humidity fluctuation over time and 

any resulting gradient per time unit(example values: 30% 

r.H. to 65% r.H.)

Description Set Value Remark

Subsidies
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Äußere Umweltbedingungen

Nebenbereiche

Reinraum/Reinräume

Reine(r) Bereich(e) 

KernbereichMaterialtransport

A
b
fa

ll

P
e
rs

o
n
a
lf
lu

s
s

P
e
rs

o
n
a
lf
lu

s
s

Fertigprodukttransport

Zoning
Cleanroom and HVAC Concept

Source: DIN EN ISO 14644-4, S. 13 – („Schalenmodell“)

Hygiene Zones & 

Layout Design

Material Flow & 

Packaging Concept

Personnel Flow & 

Garment Concept

Reduced Particle Emissions & 

Optimized Cleanroom Areas to 

Lower Energy Demand Without 

Affecting Production

External Conditions

Auxiliary Areas

Cleanroom(s)

Controlled Area(s)
P

e
rs

o
n
n
e
l 
F

lo
w

Critical AreaMaterial Transport Finished Goods Transport

S
c
ra

p

P
e
rs

o
n
n
e
l F

lo
w

Energy Optimization Energy-Efficient Design Process and Parameter Analysis Cleanroom and HVAC Concept Energy-Efficient Initiatives Subsidies
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Hygienezonen & Layoutgestaltung
Cleanroom and HVAC Concept

NC (Not Controlled)

•    No Cleanliness Requirements 

ACA (Access Controlled Area)

• Restricted & Controlled Access

CNC (Controlled Not Classified)

• Restricted & Controlled Access

• Ventilation-Conditioned Area

• Access via Airlocks

CRA (Clean Room Area)

• Restricted & Controlled Access

• Ventilation-Conditioned Area

• Access via Airlocks

• Hygiene & Particle Monitoring

Zoning Concept Hygiene Zones & Layout Design

Optimized Areas to Reduce Over-Specified Cleanroom Zones While Maintaining Sufficient Flexibility

Energy Optimization Energy-Efficient Design Process and Parameter Analysis Cleanroom and HVAC Concept Energy-Efficient Initiatives Subsidies
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NC (Not Controlled)

•    No Cleanliness Requirements 

ACA (Access Controlled Area)

• Restricted & Controlled Access

CNC (Controlled Not Classified)

• Restricted & Controlled Access

• Ventilation-Conditioned Area

• Access via Airlocks

CRA (Clean Room Area)

• Restricted & Controlled Access

• Ventilation-Conditioned Area

• Access via Airlocks

• Hygiene & Particle Monitoring

1

2

3

4

5.2

6.2

6.1

5.1

Material Flow & Packaging Concept
Cleanroom and HVAC Concept

1 Removal of the Tranport Packaging (Red)

Preparing the Products in the 

Airlock for the Repackagine 

Process 

2

Removal of the Outer Packaging (Green).

Repacking and Switching the Load Carriers
3

Buffering the Products for 

Airlock Transfer
4

5.1 Preparing the Products for Airlock Entry

6.1
Cleaning and Removing the Secondary 

Package (Blue). Repacking and Switching 

the Load Carriers

5.2
Transporting the Packaging Material into the 

Airlock. Removal of the Outer Packaging

6.2 Extracting the Packaging Materials 

Inside the Airlock

Transport Packaging 

Outer Packaging

Secondary Packaging

Product in Primary Packaging

Zoning Concept Packaging Concept Material Airlock Concept

Optimized Packaging & Material Flow Concept to Reduce Particle Emissions and Area Requirements

Energy Optimization Energy-Efficient Design Process and Parameter Analysis Cleanroom and HVAC Concept Energy-Efficient Initiatives Subsidies
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NC (Not Controlled)

•    No Cleanliness Requirements 

ACA (Access Controlled Area)

• Restricted & Controlled Access

CNC (Controlled Not Classified)

• Restricted & Controlled Access

• Ventilation-Conditioned Area

• Access via Airlocks

CRA (Clean Room Area)

• Restricted & Controlled Access

• Ventilation-Conditioned Area

• Access via Airlocks

• Hygiene & Particle Monitoring

Zoning Concept

Personnel Flow & Clothing Concept
Cleanroom and HVAC Concept
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CNC-Slippers

CNC/CRA-

Undergarment

Hairnet

Coat

CRA-Shoes

TopDown Overall

1 Zugangskontrolle passieren

2 Schuhwechsel durchführen (Straßenschuhe – CNC Pantoletten)

3 Hände waschen

4 CNC Kleidung / RR-Unterkleidung und CNC-Kittel entnehmen

5 Private Kleidung ablegen

6
CRA-Unterkleidung anziehen (CNC-MA: CNC-Pantoletten auf 

CNC-Arbeitsschuhe)

7 CNC-Kittel überziehen + Schutzbrille anziehen

8 Haarnetz + ggf. Bartbinde anlegen

9 Hände waschen (optional) 

10 Kontrolle Ganzkörperspiegel

11 Hände desinfizieren

12 CNC-Bereich betreten

13 CNC-Kittel aufhängen

14 Hände waschen (optional)

15 Schuhwechsel (CNC-Pantoletten – CRA-Arbeitsschuhe)

16 CRA-Overall entgegennehmen

17 CRA-Overall anziehen

18 Ganzkörperspiegel

19 Hände desinfizieren

20 CRA-Bereich betreten

Einschleuseprozess in CNC- / CRA-Bereich

0 Jacke + Essen im persönlichen Spind ACA - Waschraum

1 Zugangskontrolle passieren

2 Schuhwechsel durchführen (Straßenschuhe – CNC Pantoletten)

3 Hände waschen

4 CNC Kleidung / RR-Unterkleidung und CNC-Kittel entnehmen

5 Private Kleidung ablegen

6
CRA-Unterkleidung anziehen (CNC-MA: CNC-Pantoletten auf 

CNC-Arbeitsschuhe)

7 CNC-Kittel überziehen + Schutzbrille anziehen

8 Haarnetz + ggf. Bartbinde anlegen

9 Hände waschen (optional) 

10 Kontrolle Ganzkörperspiegel

11 Hände desinfizieren

12 CNC-Bereich betreten

13 CNC-Kittel aufhängen

14 Hände waschen (optional)

15 Schuhwechsel (CNC-Pantoletten – CRA-Arbeitsschuhe)

16 CRA-Overall entgegennehmen

17 CRA-Overall anziehen

18 Ganzkörperspiegel

19 Hände desinfizieren

20 CRA-Bereich betreten

Einschleuseprozess in CNC- / CRA-Bereich

0 Jacke + Essen im persönlichen Spind ACA - Waschraum

1 Zugangskontrolle passieren

2 Schuhwechsel durchführen (Straßenschuhe – CNC Pantoletten)

3 Hände waschen

4 CNC Kleidung / RR-Unterkleidung und CNC-Kittel entnehmen

5 Private Kleidung ablegen

6
CRA-Unterkleidung anziehen (CNC-MA: CNC-Pantoletten auf 

CNC-Arbeitsschuhe)

7 CNC-Kittel überziehen + Schutzbrille anziehen

8 Haarnetz + ggf. Bartbinde anlegen

9 Hände waschen (optional) 

10 Kontrolle Ganzkörperspiegel

11 Hände desinfizieren

12 CNC-Bereich betreten

13 CNC-Kittel aufhängen

14 Hände waschen (optional)

15 Schuhwechsel (CNC-Pantoletten – CRA-Arbeitsschuhe)

16 CRA-Overall entgegennehmen

17 CRA-Overall anziehen

18 Ganzkörperspiegel

19 Hände desinfizieren

20 CRA-Bereich betreten

Einschleuseprozess in CNC- / CRA-Bereich

0 Jacke + Essen im persönlichen Spind ACA - Waschraum

Personalschleusen- & Bekleidungskonzept

Implementing a Personnel Airlock & Clothing Concept to Minimize Contamination

Storage of Jacket and Food in Personal Locker –  ACA Washing Room

Passing Access Control

Shoe Change: Street Shoes to CNC Clippers

Hand Washing

Collect CNC Clothing/ Cleanroom Undergarments + CNC Coat

Removal of Personal Clothing

Put on CRA Undergarments (CNC Staff: CNC Slippers Over 

CNC Work Shoes)

Put on CNC Coat + Safety Glasses

Put on Hairnet + Optional Beard Cover

Hand Washing (Optional)

Full Body Mirror Check

Hand Sanitization

Entry CNC Area

Store CNC Coat

Hand Washing (Optional)

Shoe Change (CNC Slippers – CRA Work Shoes

Receive CRA Overall

Put on CRA Overall

Full Body Mirror Check

Hand Sanitization

Entry CRA Area

Energy Optimization Energy-Efficient Design Process and Parameter Analysis Cleanroom and HVAC Concept Energy-Efficient Initiatives Subsidies
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Central Outdoor

Air (Supply)

• 100% fresh air via central system

• Extremely high energy demand 

depending on outdoor conditions

Central Air 

Recirculation

• Fresh and recirculated air are centrally 

mixed and processed

• Fresh and recirculated air treatment 

are handled seperatly

Decentralized Air 

Recirculation

• Central fresh air treatment & 

decentralized recirculated air treatment

• Scalable system

• Multiple fresh air modes per 

recirculation unit possible

Decentralized 

FFUs with Plenum

• Central fresh air treatment 

• Recirculated air operation via plenum 

(optionally with return air cooling)

• Very high air change rates possible

• Low pressure drops

• Higher cost and space demand

Ventilation Concept
Cleanroom and HVAC Concept

Reinraum

Zentrale AHU
Außenluft

Reinraum

Zentrale AHU
Außen- & Umluft

Reinraum

Plenum
FFU FFU

Zentrale AHU
Außenluft

Reinraum

Dezentrale AHU
Umluft

Zentrale AHU
Außenluft

Outdoor Air Exhaust Air Recirculated Air * Tendency – Individual Assessment NeededSupply AirLegend:

Energy Demand*

Cleanroom Cleanroom Cleanroom Cleanroom

Central AHU 

Outdoor Air

Central AHU- 

Outdr.+ 

Recirc. Air

Central AHU- 

Outdr. Air

Decentralized 

AHU- Recirc. 

Air

Central AHU- 

Outdr. Air

Energy Optimization Energy-Efficient Design Process and Parameter Analysis Cleanroom and HVAC Concept Energy-Efficient Initiatives Subsidies
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Project Example: Energy Audit DIN EN 16247
Energy Monitoring and Analysis

Vorbereiten 

und Sortieren

Trafostation

Gasstation

Bilanzgrenze

Waren-

eingang

Waren-

ausgang

ISO 5

Reinraum

Sortieren, Packen, 

Kommissionieren

ISO 7

Reinraum

Sozial-

bereich

Technikbereich

Nachbar-

betrieb

Messstelle

Gas02

Messstelle 

Strom01

Messstelle

Gas01
Messstelle 

Strom02

Sozial-

bereich

Technik-

bereich

Vorbereiten und Sortieren 

ISO 5

Reinraum

Wareneingang

Sortieren, Packen, Kommissionieren

Warenausgang

ISO 7 

Reinraum

Waschen

Trocknen

Falten

Verpacken

Kernprozess

M
a

te
ri

a
lf
lu

s
s

Strom

GasDampf

HVAC

Gesamtprozess

Energiefluss

Waschen

Trocknen

Falten

Verpacken

I. Site Overview II. Current Energy Assesment III. Potential Energy Savings

Layout, System Boundary, 

Measurement Points

Material and Energy Flow

Specific Gas and Electricity Consumption

Breakdown of Total Energy Consumption

Energy Saving Measures 

(Heat Recovery)

Prioritized Energy Saving Potentials

Energy Optimization Energy-Efficient Design Process and Parameter Analysis Cleanroom and HVAC Concept Energy-Efficient Initiatives Subsidies
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Project Example: Heat Recovery
Energy Improvement Measure

Temperature Stratification – Summer / Winter3D-Representation of the Tank Facility

Piping & Instrumentation (P&I) Diagram of the Energy Center Installation of the Stratified Thermal Storage

CONTENT

• Heat recovery from:

• Industrial Processes

• Buildings (Cleanroom HVAC)

• Thermal storage / stratified tanks

• Heat supply to:

• Processes for preheating

• Buildings for heating

RESULTS / BENEFITS

• Approx. 30% CO2 reduction

• Funding rate of 15%

• Pilot Project for deploying new technologies

• Enabling more climate-friendly processes

Energy Optimization Energy-Efficient Design Process and Parameter Analysis Cleanroom and HVAC Concept Energy-Efficient Initiatives Subsidies
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Comprehensive Support
Excerpt from Federal Funding for Energy and Resource Efficiency (EEW)

Recommendation: Systematic Incentive Review by an Energy Expert to Identify the Best Funding Strategy

Prerequisites

Comprehensive System Support

✓ Multi-Measure, Multi-Discipline Support

✓ Over 30% Reduction of CO2

✓ Savings Concept – BAFA Energy Expert

Funding of Individual Measures

✓ Individual Trades or Components

✓ Meeting Basic Technical Standards

✓ Self-Application or Expert Assistance

Individual Measures

Funding For: EEW-Funding Modules / Program

Systemic Measures

incl. Savings Concept

Conceptual Measures

Module 1: Cross-Sectional Technologies

Module 2: Process Heat from Renewable Rnergies

Module 3: Measurement, Control and Regulation 

Technology, Sensors and Energy Management 

Software

Module 6: Electrification of Small Companies

Module 4: Technology-Open Decarbonization

Funding Competition: Technology-Open 

Decarbonization

Module 5: Transformation Concept

Source: Translated from the Federal Ministry of Economy and Climate Protection, 2023

Energy Optimization Energy-Efficient Design Process and Parameter Analysis Cleanroom and HVAC Concept Energy-Efficient Initiatives Subsidies
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Any Questions?

Phone  + 49  2762  983 590

Mail info@munschek.com

www.munschek.com

Thank you for your attention!

MPC Stand / 

Booth F2.5

Energy Efficiency In and Around Cleanrooms

Speaker: Alexander Pawel

Munschek Process Consulting GmbH has the sole right of use for the contents. Publications and use for business purposes -

even in extracts - require the prior consent of Munschek Process Consulting GmbH.

http://www.munschek.com/
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