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Board of Examiners 

Chair of the IBD Board of Examiners – Angus Steven 
    

      

Diploma in 
Brewing 

Module 1 

David Cook 
 

Master 
Brewer 

Module 1 
Robert 

Illingworth 

Tobin Eppard 
 

Module 2 

Derek Orford 

Alistair Dickson 
 

Shiona 
Kamermans 

Jayne Hewitt 
 

Module 3 
Andrew 

Mieleniewski 

 
 

Module 4 

Robin Cooper 

Marc Schmitt 
 

Deborah 
Kennedy 

Aaron Golston 
 Module 5 

Richard 
Westwood 

Module 2 

Alastair Pringle 
 

Jens Voigt 

 
 

    

Yahia Chabane 

 

  Master 
Distillers 

Module 1-
5       

Jeremy 
Stephens 

 
Douglas 
Murray 

Dawn Maskell 

 

Alan 
Wolstenholme 

Aldo Lentini 
 

   

Module 3 

Gary Eddleston 
 

   

Andrew Barker 
    

Jean-Michel Gualano 
    

Tony Cook 
    

Graeme Hall 
    

Rob Zuccollo 
    

Michael Hannigan 
    

Diploma in 
Distilling 

Module 1 

Douglas Murray 
    

Shernell Layne 
    

Mike Partridge 
    

Matt Strickland 
    

Module 2 

Douglas Murray 
    

Jeremy Stephens 
    

Kirsty Black 
    

Module 3 
Mike Partridge 

    
George Blair 

    

Diploma in 
Packaging 

Module1 

Graeme Hall 
    

Gavin Duffy 
    

Rob Zuccollo 
    

Tracy Adie 
    

Module 2 

Gavin Duffy 
    

Robin Cooper 
    

Ruth Bromley 
    

Dick Charlton 
    

Module 3 
Thomas Shellhammer 

    
Robin Cooper 
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EXAMINATION CENTRES 

Algeria Alger - SARL Tango Heineken 

 
 

Argentina                    Buenos Aires – British Council 
 

 
Australia Brisbane QLD-Language Affairs  

 
Bundaberg QLD-Language Affairs 

 
Cairns College of English & Business 

 
Griffith NSW-Language Affairs 

 
Hobart TAS-Language Affairs 

 
Launceston TAS-Language Affairs 

 
Lidcombe - Tooheys Pty. 

 
Melbourne VIC-Language Affairs 

 
Perth WA-Language Affairs 

 
Regency Park - TAFESA 

 
 

Barbados St Michael - Ministry of Education 

 
 

Belgium Brussels - ECB Examination Centre 

 
 

Botswana Gaborone - British Council 

 
 

Brazil Sao Paulo-British Council 
 

 
Burundi Bujumbura - Brarudi (Heineken) 

 
 

Cambodia Phnom Penh-Cambodia Brewery Ltd 
 

 

Cameroon Douala - Guinness Cameroun SA 

  
Canada Calgary AB - University of Calgary 

 
Charlottetown PEI - Holland College 

 
Creston BC - College of the Rockies 

 
Halifax - Dalhousie University 

 
Kamloops BC-Thompson Rivers University 

 
London ON - Fanshawe College 

 
Montreal QC-ILSC Montreal 

 
Nanaimo BC-Vancouver Island University 

 
Niagara-on-the-Lake - Niagara College 

 
Ottawa ON-Academy of Learning 

 
Saskatoon SK-Saskatchewan Polytechnic 

 
St John's NL-Memorial University 

 
Toronto ON-Centennial College 

 
Vancouver BC- BCIT 

 
Vancouver BC-Langara College 

 
Vancouver BC - Simon Fraser University 

 
Winnipeg MB - Canadian Malting Barley Tech Cen 

 
Winnipeg MB-Red River College 

 
 

Chile Santiago-Instituto Chileno Britanico de Cult 

China Hong Kong-British Council 

 
Shanghai - British Council 

 
 

Columbia SABMiller Latin America 

  
Congo Brazzaville-Brasco (Heineken) 

 
Bukavu-Bralima (Heineken) 

 
Kinshasa - Bralima (Heineken) 

 
Kisangani-Bralima (Heineken) 

 
Lubumbashi - Bralima (Heineken) 

 
Pointe Noire -  BrasCo.(Heineken) 

 
 

Croatia                            Zagreb - British Council 
 

 
Czech Republic Prague - British Council 

 
 

Denmark Copenhagen - Scandinavian School of Brewing 

 
 

Dominica Roseau - University of West Indies 

 
 

Egypt Cairo - Alahram Beverages Company 

 
 

England Bristol - City of Bristol College 

 
Bristol-International House Bristol 

 
Burton on Trent - Molson Coors Brewers Ltd 

 
Ipswich-Pitman Training 

 
London - Institute of Brewing & Distilling 

 
Middlesbrough - Pitman Training 

 
Northampton-Pitman Training 

 
Nottingham - Central College Nottingham 

 
Nottingham-ILS English 

 
Plymouth-Pitman Training 

 
Southampton-Pitman Training 

 
Warrington-Pitman Training 

 
Worcester-Pitman Training 

 
York-Experience English Language Centre 

  
Ethiopia Addis Ababa-British Council 

  
Fiji Lautoka - Paradise Beverages Ltd 

 
Suva - Paradise Beverages Ltd 

 
 

Finland Helsinki-Finnish British Society 
 

 
France Lyon-CFPPA de Macon-Davaye 

 
Mons en-Baroeul-Heineken 

 
Paris-British School of Paris 
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Schiltigheim-Heineken 

 
Sophia Antipolis-Group Set 

Germany Berlin-Berlin School of English 

 
Hamburg-Cambridge Examinations Centre 

 
 

Ghana Accra-British Council 

 
 

Gran Canaria Las Palmas-Comp.Cervecera de Canarias 
 

 
Greece Athens-British Council 

 
Thessaloniki - British Council 

 
 

Guyana Demerara-Demerara Distillers Limited 
 

 
Haiti Port au Prince-Brana Heineken 
 

 
Iceland Akureyri - University of Akureyri 

 
 

India Bangalore-British Council 

 
Khordha Odisha State-United Breweries 

 
New Delhi-British Council 

 
 

Indonesia Sampang Agung-PT Multi Bintang 

 
Tangerang - PT Multi Bintang 

 
 

Ireland Cork-The Training Centre 

 
Dublin-The Exam Centre 

 
 

Israel Tel Aviv-British Council 
 

 
Italy Milan - British Council 

 
Rome-British Council 

  
Ivory Coast Abidjan-Brassivoire Heineken 
 

 
Jamaica Kingston-Overseas Examinations Commission 
 

 
Japan Tokyo - Temple University Japan Campus 

 
Yokohama - Kirin Brewery Co. 

                                         
 

Jordan Amman-British Council 
 

 
Kenya Nairobi  -British Council 

  
Korea Seoul-Susubori Academy 
 

 
Lebanon Beirut-British Council 
 

 
Lesotho Maseru - Lesotho Brewing Company 

 
 

Malaysia Kuala Lumpur - British Council 

 
 

Mexico Guadalajara-Cerveceria Del Pacifico 

Mozambique Maputo - Cervejas de Mozambique SA 

 
 

Myanmar Yangon-British Council 
 

 
N.Ireland Belfast-Conway Education Centre 

 
 

Namibia Windhoek-Institute of Information Tech. 
 

 
Nepal Kathmandu-British Council 
 

 
Netherlands Rotterdam-Masterclass Academy of Lang. 

 
Zoeterwoude – Heineken 

 
 

New Caledonia Noumea-The Noumea School of English 
 

 
New Zealand Auckland-Language Affairs 

 
Christchurch-Language Affairs 

 
Dunedin-Language Affairs 

 
Nelson-Language Affairs 

 
Wellington-Language Affairs 

 
 

Nigeria Ibadan - Nigerian Breweries 

 
Lagos - Pitman Training 

 
Osun State - SAB International Breweries 

 
 

Panama Panama City-Florida State University 
 

 
Papua New 
Guinea 

Port Moresby- SP Breweries 

 
 

Peru Lima-Asociacion Cultural Peruano Britanica 
 

 
Philippines  Manila-British Council 

 
 

Reunion Saint-Denis - Brasseries de Bourbon (Heineken) 

 
 

Romania Bucharest-British Council 

 
 

Rwanda Gisenyi-Bralirwa Heineken 

 
Kigali-Bralirwa Heineken 

 
 

Samoa Apia-Samoa Breweries 
 

 
Scotland Edinburgh-Pitman Training 

 
Elgin-Elgin Library Learning Centre 

 
Elgin-Moray College UHI 

 
Ellon-Brewdog 

 
Forres-Moray Council, Forres Library 
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Inverness - Inverness College UHI 

 
Islay-Islay Learning Centre 

 
Jura - Jura Distillery 

                                       Orkney-Orkney College 

Seychelles Mahe - Ministry of Education 

 
 

Singapore British Council 

  
Solomon Islands Honiara-Solomon Breweries Ltd 
 

 
South Africa Cape Town- EC English 

 
Durban-Univ.Of Kwa Zulu-Natal 

 
Johannesburg-British Council 

 
Johannesburg - SAB World of Learning 

 
Port Elizabeth – SABMiller 

 
 

Spain Barcelona-British Council 

 
Barcelona-Exams Catalunya 

 
Madrid-British Council 

 
 

St Lucia Vieux Fort - Heineken 

 
 

Swaziland Matsapha-Swaziland Beverages (SABMiller) 

 
 

Switzerland Bern-British Council 

 
 

Tanzania Dar Es Salaam - University of Dar Es Salaam 

  
Thailand Bangkok-British Council 

 
 

Trinidad Laventille – Angostura 

 
 

Tunisia Grombalia-Sonobra Heineken 
 

 
UAE Dubai - African & Eastern BVI Ltd 

 
 

Uganda Kampala-British Council 

 
 

USA 
Albany GA – MillerCoors Ann Arbor MI-Washtenaw Community 
College 

 
Arcata CA - Humboldt State University 

 
Arlington TX-University of Texas 

 
Boone NC-Appalachian State University 

 
Boston MA - University of Massachusetts Boston 

 
Cincinnati OH-UC Testing Services 

 
Columbia MO-University of Missouri 

 
Davis CA - University of California (Davis) 

 
Edwardsville IL - Southern Illinois University 

 
Farmington ME- University of Maine 

 
Fayetteville AR-University of Arkansas 

 
Florida FL - Florida International University               

 
Fort Worth TX – MillerCoors 

 
Fort Lauderdale FL-Nova Southeastern University 

 
Glen Ellyn IL-College of DuPage 

 
Golden CO.- MillerCoors 

 
Harrisburg PA-Harrisburg Area Comm. College 

 
Holland MI - New Holland Brewing Co. 

 
Honolulu HI-Hawaii Pacific University 

 
Houston TX-University of Houston Clear Lake 

 
Inver Hills MN-Inver Hills Community College 

 
Kingshill VI - University of Virgin Islands 

 
Louisville KY-University of Louisville 

 
Madison WI - University of Wisconsin-MBAA 

 
Maryland MD - Frederick Community College 

 
Milwaukee WI-University of Wisconsin 

 
Missoula MT-University of Montana 

 
New York NY-Brooklyn College 

 
Northridge CA-California State University Nort 

 
Oregon OR - Oregon State University 

 
Philadelphia PA-Temple University 

 
Portsmouth NH - Craft Brew Alliance, Inc. 

 
Provo UT-Brigham Young University 

 
Riverside CA-La Sierra Testing Centre 

 
Roanoke VA - Roanoke Higher Education Center 

 
Sacramento CA-Sacramento Test Proctoring Serv. 

 
Salt Lake City UT-SLCC Testing Services 

 
San Diego CA-UC San Diego Extension 

 
San Jose CA-San Jose State University 

 
Schenectady NY-Schenectady County Comm. College 

 Seattle WA-University of Washington 

  
Vietnam Ho Chi Min City - British Council 

 
 

Wales Cardiff-Cardiff and Vale College 

 
 

Zambia Lusaka-British Council 

 
Ndola - Zambian Breweries (SABMiller) 

 
 

Zimbabwe Bulawayo-Delta Beverages (SABMiller) 

 Harare-Delta Beverages (SABMiller 
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The Statistics 

 

 

Number of exams/modules graded for each 
qualification               

Exam Module 2019 2018 2017     Exam Module 2019 2018 2017 

Diploma 
in Brewing 

Module 
1 

437 496 428     

Master 
Brewer 

Module 
1 

15 19 19 

Module 
2 

338 361 285     
Module 

2 
16 18 22 

Module 
3 

218 335 270     
Module 

3 
8 13 20 

Diploma 
in 

Distilling 

Module 
1 

81 57 42     
Module 

4 
10 13 15 

Module 
2 

52 43 43     
Module 

5 
12 10 13 

Module 
3 

44 36 42     

Master 
Distiller  

Module 
1 

4 3   

Diploma 
in 

Packaging 

Module 
1 

87 104 55     
Module 

2  
3 6   

Module 
2 

60 31 28     
Module 

3  
4 1   

Module 
3 

31 18 21     
Module 

4  
2 2   

              
Module 

5 
1     

                        

                      

 
Percentage of candidates passing each module  

              

Exam Module 2019 2018 2017     Exam Module 2019 2018 2017 

Diploma 
in Brewing 

Module 
1 

66% 75% 56%     

Master 
Brewer 

  Module 
1 

53% 53% 63% 

Module 
2 

66% 68% 72%     
Module 

2 
38% 45% 50% 

Module 
3 

63% 53% 60%     
Module 

3 
75% 92% 45% 

Diploma 
in 

Distilling 

Module 
1 

89% 73% 76%     
Module 

4 
60% 76% 100% 

Module 
2 

87% 83% 74%     
Module 

5 
83%   70% 

Module 
3 

71% 75% 79%     

Master 
Distiller 

  Module 
1 

100%     

Diploma 
in 

Packaging 

Module 
1 

52% 76% 51%     
  Module 

2 
100%     

Module 
2 

66% 87% 68%     
  Module 

3 
100%     

Module 
3 

66% 50% 65%     
  Module 

4 
100%     

            
  Module 

5 
100%     
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REPORT FROM THE CHAIR OF THE BOARD OF EXAMINERS 
 
 
Examination Year 2019 
 
 
2019 was another year of change for some aspects of the Diploma Examinations but also a time to consolidate 
some of the changes made in 2018. The revised format of a ‘Short Answer’ section to test the breadth of 
knowledge and the ‘Long Answer’ section to test the depth of knowledge received very positive feedback and this 
format will now be adopted as the standard. Where simplification of the syllabus had taken place again this 
produced balanced exams and is being further supported by the development of On Line Learning materials and 
access to Tutor Guided Learning for some modules. This will be further rolled out during 2020 and 2021. A small 
number of new examiners joined the board to further widen knowledge of different breweries and distilleries from 
around the world. 
 
The on-line marking system had been upgraded and proved to be much easier to use compared to the initial 
version. Again this will be the standard for the future. Despite all the significant change 2019 has been another 
successful year, with 1348 examinations entered for the Diploma and 75 examinations entered for the Masters. 
The obvious area of growth for this year was in the  Diploma in Distilling. 

 
All candidates were notified of their results in September and the award winners will be notified and their names 
published after any potential appeals have been considered at the end of the examination cycle in November. The 
Board of Examiners sends it congratulations to all those candidates who successfully passed their respective 
examinations and hopes that those candidates who were not successful on this occasion will endeavour to 
continue with their studies and be successful in the future. 
   
The following report for each examination highlights the number of candidates and the percentage pass rate if 
appropriate for each module and more importantly feedback on the questions answered to allow future candidates 
to prepare fully for the examination process. Considering all the modules, the pass rates and average candidate 
marks are in line with expectations and in some cases more candidates have passed the examinations than last 
year which I believe reflects the quality of training and clarity of exams. I would like to thank all the trainers for the 
work they do to make this happen and I am keen that this is even further developed through the Learning 
Development team here at the IBD. This is an area which is also going through significant change with much 
improved distance learning training material being developed and delivered and I am sure will be reflected in 
candidates having an even greater knowledge of brewing ,distilling and packaging. 
 
Candidate Responsibility 
 
I would also like to remind candidates that as per the Examination Guidelines the submission for the exam must be 
the candidates own work and not a copy or from a discussion with other candidates or any use of external material 
in the examination centre. Failure to do this will result in disqualification from the examination.  
  
Examiner Feedback 
  
The ‘Examiner Feedback’ which follows should be used by candidates to help shape their studies in conjunction 
with the Syllabus, IBD Learning Materials, Journals, personal experience, brewery and distillery visits etc. to 
ensure the individual is fully prepared to pass the examination. I have not included top tips as these can be found 
on the website and through comments in the report from various examiners. 
 
2020 Activity 
  
2020 will see the adoption of new On Line Learning material for the Diploma in Brewing Modules 1 and 2 and also 
for the Diploma in Distilling Module 1. Further development of learning material for Diploma in Brewing 3 , Diploma 
in Distilling Module 2/3 and Diploma in Packaging Modules 1/2/3 will form the basis for activity for 2020/21. 
 
To support this Brewing and Soft Drinks will be removed from Diploma in Packaging Module 2 for the 2020 
examination to allow greater focus on the other packaging units.  
 
The General Certificate in Brewing and General Certificate in Distilling  learning material has been updated and 
work is starting on the General Certificate in Malting and Packaging with the new General Certificate in Cider 
making being released in 2020  
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Examiners 
  
I would like to take this opportunity to thank all the examiners who continue to do a magnificent job setting exam 
questions, marking papers and ensuring the examination process is fair and candidates are rewarded for the hard 
work they undertake when they sit an exam. None of this would happen without the support and coordination from 
the IBD examination team of Francesca Williams and Jonathan Lewis. 
 
Angus Steven 
(angus.steven@icloud.com) 
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EXAMINERS REPORTS 

 

Master Brewer 

 

Module 1: Materials and Wort Production 
 

Paper 1: Short answer questions 
 
Barley, malting and adjuncts section  

• In general, candidates answered these questions well and scored good marks. 

• There was difficulty knowing what critical actions farmers could take when deciding which malting variety 
to grow.  Speaking to potential buyers and establishing local needs for varieties and quality being the most 
important. 

• Reasons for analysing samples of malt were not well understood.  Providing maltsters with data to inform 
process adjustments and quality control, a basis for product evaluation, a guide for commercial 
transactions and to predict brewing performance are all good rationales. 

HOP SECTION  

• Practical knowledge of the benefits of hand evaluation of whole hops appears to be lacking. 

• Rubbing hops between the fingers will give an approximation of the resin content. 

• The quality of the essential oils can be deduced from the aroma which will also indicate the degree of 
ageing and deterioration due to oxidation. 

• Visual clues can indicate the presence of pests and disease. 

WATER SECTION  

• This section was particularly badly answered. 

• Knowledge of the structure of a borehole system was poor. 

• Similarly poorly answered were the positive and negative effects of a fall in pH during mashing and boiling. 

• Positive elements include increased wort fermentability, improved extract recovery, increased wort free 
amino nitrogen, improved rate of runoff, precipitation of protein and reduced extraction of tannins and 
siliceous compounds. 

• Reduced hop utilisation is a negative effect. 

BREWHOUSE OPERATIONS SECTION  

• There were very few correct answers to the question about the cost of brewing a certain volume of wort. 

• In previous years answers would have been correct if the level of moisture in the malt had been factored 
in. 

• This year answers were wrong in 93% of the papers. 

• In contrast, the calculation of the hop bill to achieve a particular final bitterness value was answered 
correctly in 56% of the papers. 

BREWHOUSE MANAGEMENT SECTION 

• Nearly half of candidates correctly calculated the number of brews possible to achieve in a particular time 
period which contrasts very favourably with previous years. 

• Brewing is an energy-intensive process so knowledge of international efforts to reduce carbon emissions 
and stabilise the earth’s climate should be well known to brewers.  This was not evident in answers to a 
question about the ratification of parts of the 2015 Paris agreement at a UN climate change meeting in 
Poland in 2018. 
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PAPER 2: LONG ANSWER QUESTIONS 

 
 
QUESTION 1    
 
Compounds containing nitrogen from malt are important for brewing.  Discuss how nitrogen compounds 
and their biochemistry affect brewing efficiency and product quality, and their relevance to different styles 
of beer and brewing technologies. [25] 
 

• There are so many aspects of nitrogen biochemistry that many candidates seemed over-awed and tended 
to concentrate on proteins, an important aspect but not the only one. 

• Enzymes were hardly touched on. 

• The effects on wort and beer quality of Maillard reactions and Amadori re-arrangements were ignored by 
most candidates. 

• The biochemistry of dimethyl sulphide and the increasing importance of gluten were not mentioned. 

 

QUESTION 2 

 
Draw up an outline design brief for the water treatment and distribution system for a one million hectolitres 
per year greenfield brewery.  Of this volume, thirty per cent is packaged into kegs the rest is packaged into 
returnable bottles. 
 
There is a borehole supply available which has a high mineral salt content but with a maximum extraction 
rate of 500 cubic metres per day. There is also an unlimited municipal supply which has a low mineral salt 
content but is ten times more expensive than the borehole water. 
 
State all assumptions and show all calculations. [25]  
 

• It is not necessary to work out losses if the ratio of water usage to final-packaged volume is quoted as an 
assumption. 

• Many candidates failed to appreciate all the requirements of a brewery water supply system.  The high 
mineral content of the borehole water was not dealt with nor the need to eliminate chlorine from the 
municipal supply. 

• Calculations must be presented clearly, logically and with all steps included, otherwise it is impossible to 
follow the argument. 

• Examiner's hint: ‘draw up an outline design brief’ is an invitation to include a diagram. 

 

QUESTION 3 

 
Analyse how changing consumer demand has affected the global hop market and the availability of 
different hop varieties. 
 
Outline the process of breeding new hop varieties highlighting successes in this enterprise which have 
provided strains that benefit the grower as well as those that benefit the brewer.  Give examples of both. 
[25] 
 

• There were several very good answers to this question. 

• There was an article in the Brewer & Distiller International magazine last year describing the process of 
breeding new hop varieties.  It was clear which candidates had read the article and which hadn’t. 

• The global hop market is now well known to most candidates but none picked up on the fact that last year 
nearly 100% of hops were sold by forward contract and very little in the way of spot hops was available. 

• Examples of new strains which benefit the grower as well as those which benefit the brewer were not 
much in evidence in the answers. 
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QUESTION 4 

 
Describe the operation of two different types of modern plate and frame mash filters, indicating their 
relative strengths and weaknesses for separating sweet wort from spent grains. [20] 
 
How do the capital and revenue costs of such machines compare with those of a lauter tun? [5] 
 

• It’s important to read the question properly and answer all parts.  Several answers only included one type 
of mash filter. 

• ‘Nessie’ by Ziemann is not a mash filter, it is a series of rotating drum filters which allow for continuous 
separation of wort and spent grains. 

• Good diagrams are worth a thousand words. 

 

QUESTION 5 

 
Describe suitable cleaning-in-place equipment for a greenfield brewhouse from mashing-in to trub/spent 
hop separation. [10] 
 
Specify the cleaning regimes and procedures to be used, including the chemicals required. [10] 
 
How can the effectiveness of these regimes be ensured? [5] 
 

• Diagrams and answers must be on the lined side of the pages, not the plain side. 

• Brewhouse cleaning regimes need not be as microbiologically thorough as vessels in other parts of the 
brewery. 

• The emphasis is on removal of soil, especially in the copper and wort separation equipment.  These items 
must be visually clean, but not necessarily sterile. 

 

QUESTION 6 

 
Prepare a plan outlining the quality assurance procedures and sampling requirements needed to control 
the production of wort in the brewhouse from raw materials intake to the transfer of cooled wort to the 
fermenter. [17] 
 
Highlight aspects of the plan that will ensure food safety throughout these process stages.  [8] 
 

• Be aware of the difference between quality assurance procedures that are designed to ensure products 
are produced to the required standard whilst quality control focusses on the quality of the products that are 
made. 

• Answers did not always address the final part of the question which asked about ensuring food safety. 
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Module 2: Fermentation and Beer Processing 
  

Paper 1 – Short Answer Questions 

 

For an outstanding paper the examiners are looking for own experiences and good practices.  

 

This paper covers the whole syllabus. The better candidates were able to answer questions across the whole 
paper with a wider spread of knowledge and experience. However, the non fermentation and beer processing 
questions were, in general, poorly answered. At the Master Brewer level the examiners are looking for a wide 
range of important knowledge like Project Management and Information Technologies such as ERP (Enterprise 
Resources Planning) System & ME (Manufacturing Execution) Systems and finance. 

 

The question related to continuous fermentation systems was surprisingly poorly answered particularly as there 
was a recent article in the IBD Brewer and Distiller International magazine. 

 

It was good to see that the safety question was again answered well by the majority of the candidates. 

 

Once again, if the question related to a large part of making a beer brand reproducible it was noted that very few 
candidates mentioned the importance of recipes, specifications, procedures and and/or standards (standard 
operating procedures).  

 

The Master Brewer is looking for evidence of practical knowledge, good practices and experience so still more 
attention is required to reflect these aspects in the answers. This makes the difference between an average papers 
and an outstanding one. 
 
 
Paper 2: Long answer Questions 
  
QUESTION 1 

 

Over a period of several weeks, the speed of fermentation of the main lager brand has fallen below 

specification. The wort attenuation limit is in specification. Describe the investigation process and the 

approach to bring the speed of fermentation back into specification. [25] 

 

• Problem solving team composition and process  

• Measurement/calibration/data handling 

• Demonstration of a detailed understanding of the process 

• Improvement actions, targets, and required resources 

• Subsequent monitoring and control  

 

Further comments  

This was a problem which can be expected to face brewers in the real world. Therefore the better answers dealt 

with the organisational aspects of investigating and solving a problem alongside the required understanding of the 

fermentation process itself and the relevant key levers. 

 

 

QUESTION 2 

What off-flavours can be expected in beer in fermentation and maturation vessels, and what methods are 

used to identify and measure these flavours? [8] 

Describe in detail how such flavours might be generated and the processes and procedures which may be 

employed to minimise or eliminate them. [17] 

• An exhaustive list of off-flavours wasn’t required, so long as the most common ones were covered 

• Brewers should know the basics regarding in, on, and off-line measurement methods 
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• Understanding the mechanism of formation of the off flavours enables strategies to prevent or minimise 

them to be employed 

 

Further comments  

As a two-part question, only around one-third of the candidates’ effort should have been devoted to the first part, 

the rest to the second part. In several papers, the majority of marks were obtained for the first part, but insufficient 

attention was paid to the second, either due to lack of know-how or poor exam technique. 

 

 

QUESTION 3 

An existing manually-operated fermentation and beer processing area of1 million hl per year (including 

fermentation, maturation and filtration) is to be automated, to achieve an optimum level of manning. 

Recommend and justify what this manning level should be and describe the instrumentation and 

automation required to achieve this. [17] 

In making such a change, what factors need to be considered to ensure success? [8] 

• Good marks were secured when a clear justification for manning levels was presented, including aspects 

such as absence cover and shift patterns, and due consideration of safety 

• Proposed automation needed to support the suggested manning levels 

• Since many breweries are automated to some extent, brewers need to understand the basics of 

instrumentation. 

• As there is a cost to automation, in practice investment needs to be justified by its benefits  

• Candidates who could describe the key steps of a technical change process: such as people engagement, 

project management, training, commissioning, safety and post-completion review scored better 

 

Further comments  

Only three candidates attempted this question 

 

 

QUESTION 4 

List all process aids in fermentation and beer processing, along with their function. [8] 

Describe the three most important in detail, justifying your selection. [8] 

What equipment is required for the storage and handling of these aids, and how is their use monitored and 

controlled? [9] 

• There is a vast range of process aids available to the brewer. With a basic understanding of the function of 

at least eight of them, many candidates scored well in the first part of this question 

• The examiner accepted any three process aids which candidates were able to justify well, based on factors 

like cost, quality, and process efficiency 

• Simple diagrams or descriptions of equipment and the way process aids are used would have picked up 

marks, but many candidates struggled with this part. 

 

Further comments  

This was a three-part question with equal marks for each part; requiring equal attention to each. Candidates who 

utilised a table for the first part generally scored well.  
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QUESTION 5 

For a 5 million hl. per annum brewery with 1,000, 2,000 and 4,000 hl. FVs (fermentation vessels) and MVs 

(maturation vessels), sketch a centralised CIP (cleaning-in-place) system to service this area, and describe 

in detail the operational and design requirements to ensure excellent hygiene. [25] 

• A well-drawn sketch was essential for this question (unfortunately this was not always delivered) 

• A practical understanding needed to be demonstrated, for example: sufficient CIP lines and CIP tank 

capacity to ensure enough cleans could be carried out to maintain a good production flow; the relevance of 

different sizes of vessels 

• How the design, instrumentation and automation of the system would ensure effective CIP in relation to 

flow, pressure, temperature and chemical strength 

• Knowledge of real CIP programs and recipe control and how their effectiveness can be monitored 

• Maintenance, calibration, CIP of CIP equipment. 

 

 

QUESTION 6 

Define and quantify the KPIs (key performance indicators) of a filtration plant. [7] 

Write a comprehensive action plan to improve these measures over a period of 3-6 months. [18] 

• Better answers covered all aspects of efficiency, quality and cost in some detail, and were able to quote 

realistic targets 

• The production of an effective action plan required a good operational knowledge 

• As a time period for the plan was defined, it was necessary to make the plan time sensitive 

• A good action plan defines who will do what, when and the resources required 

• Problem-solving tools are useful in this type of plan 

• Regular review and analysis of results helps to steer the plan  

 

Further comments  

It is advisable for candidates for this paper to ensure they’ve had some exposure to filtration operations in a 

brewery. 
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Module 3: Packaging of Beer 
 
Paper 1: Short Answer Questions 
 
The marks for the MCQ ranged very widely from 36/100 to 71/100. The average was 59% which is similar to 2018. 
 
Paper 2: Long Answer Questions 
 
The long answer questions were generally adequately answered with some good answers presented. 
It was pleasing to see that the calculation parts of answers were more structured and logically laid out than in 
previous years.  This allows marks to be allocated for the methodology even if a small calculation has been 
introduced. 
Additional marks were always allocated for relevant examples from the candidate’s experience. 
 
 
QUESTION 1 
 
A new plant is to be established for non-returnable bottle filling with an annual capacity of 500,000 hl per 
annum.  The product split is as follows: 
 
200,000 hl of 330 ml containers 
150,000 hl of 440 ml containers 
150,000 hl of 500 ml containers. 

 
The product is a mixture of standard ales and lagers. Due to the range of contract customers served, 
several secondary packaging options are required. The plant will operate on two 8 hour shifts, 5 days a 
week. 
 
With the aid of a diagram describe and detail the individual plant required including throughputs, 
capacities, equipment configuration, utility requirements, and manning. State any assumptions made and 
show any calculations. [25] 
 
This question was answered by all the candidates.  Marks ranged from 40% to 76% – the average was 60%. 
 
Sensible assumptions for seasonality, planned and unplanned time lost, line efficiencies, the filling rates of different 
container sizes and manning levels, reflecting the candidates practical knowledge is key to this answer. 
 
 
QUESTION 2 
 
A brewery is recruiting a team to run a modern small pack packaging line.  Describe and justify the 
choices of team structure, operational philosophy, shift patterns, roles and responsibilities, team 
composition, skill profiles of new starters, training and development programmes for different roles. [25] 
 
This popular question was answered by 75% of the candidates.  Marks ranged from 36% to 72% – the average 
was 51%. 
 
There was lots of scope in answering this question to advocate cutting-edge flat structured, autonomous, multi-
disciplinary, multi-skilled teams.  Most candidates however described fairly conventional operational philosophies 
and shift patterns, which is fine, but the justification behind this choice was lacking.  Training and development of 
the staff and teams was an area often missing from answers. 
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QUESTION 3 
 
a) A keg line is introducing an export kegging operation.  Recommend and justify changes to equipment, 
containers, processes, and the operation that would need to be implemented. [17] 
 
b) Develop quality assurance and operational procedures that would be required including the management 
information to be collected. [8] 
 
This less popular question was answered by 75% of the candidates.  Marks ranged from 32% to 76% – the 
average was 48%. 
 
This question was generally not answered well.  A good answer could consider the merits of one-way containers 
versus conventional kegs, changes to container management/tracking, labelling, and the robustness of the filling 
operation (both physically in terms of palletisation/shrink wrapping/banding and operationally in terms of validating 
shelf life).  The returns side of the operation could also be considered in terms of areas such as marshalling 
returns, keg inspection, and cleaning. 
 
 
QUESTION 4 
 
For a retail outlet selling both small and large pack product, what factors can adversely impact on beer 
quality in-glass? Describe and detail how these factors can be controlled. Specify values where 
appropriate. Assume that beer quality is satisfactory on delivery to the outlet. [25] 
 
This question was answered by 88% of the candidates.  Marks ranged from 40% to 80% – the average was 61%. 
Generally, this question was well answered.  Good answers covered both small pack products as well as keg 
dispense, detailed control procedures and included values where appropriate. 
 
 
QUESTION 5 
 
a) An existing bottle line fills 330 ml containers at a rated output of 1750 cases per hour.  The brewery runs 
for 24 hours per day for 6 days a week.  Product is selling well and throughput of the line is limiting sales. 
The following line data is available: 
 
Week Planned Unplanned Setup Actual Rework Good 
 uptime downtime time produced  quality 
 (mins) (mins) (mins) (cases) (cases) (cases) 
5 7500 800 700 135,000 1,000 134,000 
6 7500 1500 500 131,000 1,500 129,500 
7 7500 1000 750 145,500 3,500 142,000 
 
Evaluate the data to recommend which areas of performance should be the focus of attention for 
improving throughput. State any assumptions made and show any calculations. [15] 
 
b) Outline an action plan to maintain consistent improvement in line performance. [10] 
 
This question was answered by 38% of the candidates.  Marks ranged from 52% to 72% – the average was 59%. 
The aim is to calculate the value of improving the OEE from ‘Average’ to ‘Best of the Best’ (BoB). To do this the 
best Availability, Performance Rate and Quality Rate are identified over the weeks in question.  The average figure 
is then subtracted from best figure in each category to identify the gap and therefore the possible gain. 
Finally, the additional sales value which would have been realised if the equipment had run at ‘Best of the Best’ 
performance over the 3 week period is calculated. 
 
 
QUESTION 6 
 
Describe the state-of-the-art technology available for a new can filling facility.  Justify your choices.  Focus 
on the following areas: 
a) Machinery and equipment from bright beer tank to stock in warehouse. [10] 
b) The packaging hall environment including building specification, facilities, and infrastructure. [8] 
c) Automation and management information systems. [7] 
 
This question was answered by 25% of the candidates.  Marks ranged from 44% to 48% – the average was 46%. 
This question was generally not answered well, and emphasises the importance of background reading/research 
for Master Brewer candidates in keeping up with current trends and state of the art technology. 
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Module 4: Resource Management and Regulatory Compliance 
 

Paper 1: Short Answer Questions  

 
Scores ranged from 38 to 67 with an average of 56.  
 
As ever, questions on the environment, health and safety, quality assurance and resource planning were generally 
answered more strongly than finance and supply chain.  
 
Normally specific feedback is not given for Short Answer Questions but on this occasion some feedback has been 
supplied to give candidates some direction on what is required: 

 
Q: (global, regional and local impacts on the environment) was generally handled satisfactorily but with some 
candidates unclear on the differences.  
 
Q: (possible risks to health from working in breweries) the better candidates answered strongly as with most aspects 
of H & S. Several candidates were obviously confused between ‘risks’ and ‘hazards’. For example there is a risk of 
musculoskeletal injury from a variety of hazards e.g. falling from height, FLT collision, lifting, slips etc. 
 
Q: (the specific purpose of electrical isolation) produced just one correct answer which was to prevent inadvertent 
reinstatement of power (usually lockable). It was insufficient to simply answer “shutting-off the electrical supply”. 
 
Q: (difference between production planning and scheduling) produced only 2 complete answers which correctly 
identified that planning is the function of establishing an overall level of output and scheduling is the process of 
arranging, controlling and optimising work and workloads in a production process or manufacturing process and 
were able to articulate purpose of both 
 
Q: (advantages and disadvantages of zero-based budgeting) only had one complete answer who correctly 
identified major advantages are flexible budgets, focused operations, lower costs, and more disciplined execution. 
The disadvantages include the possibilities of resource intensiveness, being manipulated by managers and bias 
toward short-term planning 
 
Q: (advantages of a rolling capital plan) only one candidate answered this question completely correctly. 
Organisations that use a rolling capital planning approach enjoy a continuous process that integrates strategic, 
operating, and capital financial planning, resulting in improved financial forecasting, reduced costs, increased 
flexibility of staff, and safety of operations 
 
Q: (difference between primary and secondary logistics) proved to be a challenge to most candidates (as did most 
of the supply chain questions). Primary transport movements involve high volume movements between the 
distribution nodes of an organisation’s supply chain and is often better value per unit carried than secondary 
transport. This is due to the large vehicles used, a high percentage load fill and few, often single, drops. Secondary 
transport movements typically involve lower volume movements from an organisation's delivery warehouses to its 
customers.  
 
Q: (label information for home and export markets) was very well answered by the majority of candidates 
 
 
Q: (definition of lean manufacturing). Several candidates answered, “eliminating waste” which fell short of the full 
definition the examiner was seeking “the continuous elimination of all waste resulting in a system of value-added 
activity (especially to the customer)”.  
 
Q: (four ways in which an interviewer can make a candidate feel more relaxed). Even though the question clearly 
states “interviewer”, several candidates were determined to answer in relation to an interviewing panel. 
Disappointingly, just one candidate produced four acknowledged ways of reducing stress. 
 
Q: (the three main “flows” in the supply chain). Just two candidates answered correctly ‘product’, ‘information’ and 
‘financial’.  
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Paper 2: Long Answer Questions  
 
QUESTION 1 
 
Evaluate the best practice measures in place to conserve energy and water in a modern brewhouse. [25] 

 
7 candidates chose to answer this question, with marks ranging between 13 and a very good 19, with an average 
score of 15.5. 
 
Rather than providing an evaluation too many candidates produced simple lists. Furthermore, several candidates 
described ‘normal’ rather than ‘best’ practice which may well have necessitated reading about such measures rather 
than relying on experience in their own breweries. For energy, the better answers covered both heat and electrical 
energy with the very best candidates providing conservation measures for the highest uses of energy first before 
moving on to the lower uses - a welcome and sound Pareto approach. 
 
There were some naïve examples of ‘green’ measures with little practical understanding of hard-nosed business 
cost / benefit analysis. 
 
The examiner was disappointed not to see more references to ‘real time’ energy and even water management with 
timely automatic controls / alarms.  
 
 
QUESTION 2  
 
a) Explain "Safe Working Practice" and "Permit to Work" [10] 
 
b) Using examples, describe the distinct purposes for each and how each may be developed and improved. 
[15]  
 
This question was attempted by all candidates with marks ranging from 12 to a good 19 with an average of 15.  
 
The scores demonstrate that this question was mostly well answered with candidates having a sound understanding 
of the key principles. For Part a) the majority of candidates explained ‘safe working practice’ and ‘permit to work’ 
satisfactorily and covered the key important differences. 
 
For Part b), there was some confusion over examples for each. The examiner was seeking for SWP activities such 
as cleaning, low level maintenance, fork-lift truck operations, managing visitors, traffic areas etc. For PTW, activities 
such as hot work, welding in production areas, working on high voltage equipment, working on pressure systems 
(e.g. gas, steam), entry into confined spaces. These examples are not prescriptive as, whilst the principles should 
be similar, they may vary in some organisations and in different countries. 
 
Somewhat disappointingly, few developments and improvements were offered with too may candidates apparently 
content with the systems with which they are familiar. 

 
 
QUESTION 3 
 
A brewing company has decided in principle to produce an own label product for a customer. A contract 
with the customer now needs to be negotiated. Explain what aspects of quality assurance should be detailed 
in the contract? [25] 
 
5 candidates answered this question with marks ranging from 7 to 16.  
 
The lighter answers focused on the quality analysis, specifications and standards they would expect to see in the 
production and packaging areas and didn’t include the wider supply chain, contract set up and ongoing contract 
management aspects.  
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QUESTION 4 
 
The operations function of a brewing company has a lack of financial control procedures. Detail which key 
elements of good financial practice should be implemented for improving company profitability and the 
benefits of each. [25] 
 
Only 4 candidates answered this question with marks ranging from 6 to 15. 
 
Whilst marks were allocated for identifying key elements, fuller marks were awarded for articulation of how they 
related to profitability including the relative benefits. Also required were details of how the financial tools should be 
used and managed to ensure good financial control. A deeper understanding of the financial aspects of the syllabus 
and the practical application of these would enable candidates to achieve much higher marks. 
 
 
QUESTION 5 
 
A major supplier to a brewing/distilling company has announced a significant increase in its prices which is 
unacceptable. Describe the process for finding and engaging a new supplier to optimise production costs 
and consumer requirements. [10] 
 
Detail how the change in suppliers should be managed to ensure no disruption to the company's customers 
as well as minimising any financial impacts. [15] 
 
Seven candidates answered this question with marks ranging from 6 to 19 
 
Most of the candidates covered at least some details about setting up and running a tendering process but a few 
missed some of the finer details including what the objectives of a tendering process are.  
The second part of the question was looking for details of all aspects of how to swap over suppliers and the best 
answers were able to articulate the key actions that should be taken and factors that should be considered. Some of 
the less complete answers completely missed minimising any finished product impacts as well as no mention of how 
to minimise financial impact.  

 
 
QUESTION 6 

 
a) Detail and quantify the Key Performance Indicators (KPIs) which characterise “World Class” maintenance 
performance. [17] 
 
b) Describe options for organising engineering spares and materials to support “World Class” maintenance. 
[8] 

 
7 candidates submitted answers to this question with marks ranging from 11 to a near model 23 with a good average 
of just under 16.  
 
The examiner was delighted with the overall quality of the majority of answers for this question in an area of the 
syllabus (maintenance) which has not been strong historically. The near model answer was a delight to see. 
 
Part a) produced good schedules of KPIs with a surprisingly sound understanding of quantification measures. The 
very best answers, pleasingly and importantly, included cost measures. 
 
The less strong candidates were more unsure on Part b). The examiner had anticipated options which might have 
included effective planning to ensure spares and materials are available in timely fashion, effective stock control, 
holding of strategic spares in house, local vending machines for spares maintained by supplier / in-house, plant 
supplier holding of spares, outsourcing of spares operation to experts, EDI between brewery engineering and key 
suppliers, standardisation of plant items and spares, philosophy of having key replacement items rather than time 
consuming strip and rebuild etc. 
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Master Distiller 

Master Distiller Module 1 
 
 
Paper 1: Short Answer Questions 
 
Key elements 
 
• Paper 1 requires to be passed  
• Checks candidate’s breadth of knowledge 
• Questions cover complete syllabus 
• Covers all types of distillation  
• Covers all types of substrate 
• Tests how knowledge is applied 
All candidates showed knowledge of the syllabus required. Marks were lost through not attempting some questions 
, mostly of the non- cereal substrate, suggesting knowledge of the range of spirit types and how they are produced 
was lacking. It was also clear that some candidates had not built up a knowledge of parts of the syllabus. 

 
Paper 2 : Long Answer Questions 

 
 
QUESTION 1 

 
A distillery has its own maltings, or sugar refinery, and is considering changing to buying all malt, or 
molasses, from a third party instead. For one of the above, critique the advantages and disadvantages of 
this consideration. [25] 
 
The main areas to be considered were Brand image ,Forecasting / Reacting to changing distillery needs ,Capacity 
Control of quality, Management of in-house QMSManagement of 3rd party  - audits, contractsInnovation / new, 
varieties, Portfolio,  Local employment, Staff morale, Costs per tonne, Staffing, Utility, usage, Storage, 
Maintenance, Depreciation / life of plant,  
Decomissioning,  / sale of plant, and re-use of land, Guarantee of supply - off-site vs legal obligation, Training, 
Environmental impact. 
 
The average mark for this question was 16/20 

 
 
QUESTION 2 
 
A distillery is changing its water supply from mains/municipal to borehole/well water. Evaluate all impacts 
associated with this change. [25] 
 
The main areas to focus on are :  Project management costs, contractors, surveyors 
Capital costs 
Return on investment 
Extraction licence, any restrictions in max volume allowed or flow to meet distillery needs 
Sampling before project begins to establish suitability of supply 
Dual supply in case of emergency / distillery needs 
Mains - generic supply 
Borehole - unique / tailored supply 
Mains - dependable supply with legal guarantee 
Borehole - inexhaustible supply or rain-water dependent 
Mains - running costs - charge per volume, less maintenance and treatment etc. 
Borehole - running costs - tanks, pumps, treatment, standby, duty 
Hardness - mains region dependent - borehole due to rock filtration 
Hardness - production water - treatment softener or Burtonisation 
Hardness - service / process waters - anti-scaling boiler, condensers, detergents 
Ionic composition - reduction water - RO / ion exchange 
Taint - borehole if also ground water - sand / carbon filtration 
Mains - chlorine - dechlorination 
Mains micro - low - due diligence 



22 
 

Borehole micro - if also ground water - agricultural or industrial run-off - E.coli, nitrates, organic acids, chemicals - 
risk depends on use 
Storage - legionella - UV 
Temperature - mains inconsistent, borehole more consistent 
pH differences and adjustment 
Heavy metals - mains due diligence, borehole QMS 
Oxygen content 
Suspended solids 
 
The average mark for this question was 15.3/20 

 
 
QUESTION 3 
 
a) With the aid of diagrams, outline a plant, highlighting all key features, from intake of raw materials to 
wort/mash transfer for: 
 
i) A fully automated distillery. [8] 
ii) A manually operated distillery with little to no automation. [8] 
 
b) Compare capital and operating costs for the above. [9] 
 
i) A fully automated distillery. 
PLC or other indication of automation with detail of function for each stage 
Malt intake hatch / hopper, sampler 
Pertinent conveyors with dust extraction and explosion relief between kit, automated fail-safe 
Malt bin with explosion relief and reposed sides 
Destoner or equivalent 
Head corns collection / recycling 
Weigher with detail 
Magnet 
Mill with detail, including hopper or feed roll, type of mill, sampling 
Grist case 
Malt masher with dry and wet entry, and detail 
Lauter tun or equivalent with detail, including rakes, temperature control, gravity control, underback, draff removal, 
CIP 
Wort cooling with detail 
Cooled wort to fermenters / returned hot water 
 
ii) A manually operated distillery with little to no automation. 
Manual, accurate record keeping 
Malt intake hatch / hopper, sampler, manual start and stop 
Pertinent conveyors with dust extraction (manual start) and explosion relief between kit, no fail-safe - relies on 
operator diligence 
Malt bin with explosion relief and reposed sides 
Destoner or equivalent (manual emptying) 
Head corns collection / recycling (manual emptying) 
Scale with detail (manual record keeping) 
Magnet 
Mill with detail, including hopper or feed roll, type of mill, sampling (manual settings) 
Grist case 
Malt masher with dry and wet entry, and detail (manual temperature and flow control) 
Lauter tun or equivalent with detail, including rakes (manual), temperature control (manual), underback / run-off 
rate (manual) , draff removal (manual), CIP (manual) 
Wort cooling with detail (manual control) 
Cooled wort to fermenters / returned hot water (manual control) 
Operator training 
Confined space entry system / safe systems of work 
 
b) Compare capital and operating costs for the above. 
Higher capital costs for automated system / lower for manual systems 
Higher capital costs due to PLC, temperature and flow sensors, solenoids, pumps, conveyors 
Higher capital costs due to extra safety features, inc auto-dust extraction, conveyor fail-safes, level alarms, CIP, 
draff removal, higher-rated compressor 
Fewer operators usually required for automated system(s) 
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Variable operator costs depending on skill level 
Automated plants have better control of utilities with monitoring, reducing running costs per LPA 
Automated plants require more highly-skilled maintenance, increasing running costs 
 
The average mark for this question was 16/20 

 
 
QUESTION 4 
 
Wort/Mash from recent batches were found to be variable in composition. Analyse possible causes and 
recommend measures to ensure consistency of mashing performance. [25] 

 
Raw materials - malt / other grains, water - in spec 
Raw materials - correctly handled, sampled, stored 
Raw materials - contact supplier if out of spec, evaluate impact, reject or use with tweak to process, audit supplier 
Milling - grist ratios in spec, routine inspection of equipment by operator with detail 
Milling - impact of OOS results, how to remediate, crop year variations 
Mashing - temperatures, volumes, ratios, timings, gravity, draff in spec, routine inspection of equipment by operator 
with detail 
Mashing - impact of anomalies, how to remediate, seasonal variations, crop year variations 
Lautering - run-off rates, use of rakes, recycling vorlauf, sparge temperatures, gravities, timings, air-locks, routine 
inspection of equipment by operator with detail 
Lautering - impact of anomalies, how to remediate 
Team - training, operator inconsistencies. 
Cleaning, hygiene 
Calibration, records 
Maintenance, records, damaged equipment reported, remediated 
Regular review of results for trend analysis of process data and wort quality, spot early to prevent OOS results 
Changes to process for improved efficiencies impacting quality 
Plant used beyond its capacity / recommended loading impacting quality 
Good sampling, handling, storing samples for meaningful lab analysis 
Lab operating correctly to report accurate results, interpretation of results 

 
The average mark for this question was 13.8 / 20. 

 
 
QUESTION 5 
 
Develop a plan to reduce the carbon footprint of a distillery without compromising spirit quality. [25] 
 
Establish baseline carbon footprint before improvements 
Establish quality of all parts of the process before improvements, and keep samples as references 
Engage with consultant and be fully aware of new technologies and green initiatives 
Review entire process for inefficiencies, and identify areas to streamline, including high gravity brewing 
Replace / upgrade inefficient equipment, and recycle redundant equipment 
Review and improve maintenance schedule to ensure plant is running efficiently 
Upgrade manual to automated operation to reduce careless energy wasting 
Reclaim as much energy as possible from hot streams (mashing liquor, spent lees, pot ale, condensers, hot feints, 
steam condensate traps) through efficient heat exchange 
Lag hot water pipes and insulate roof spaces, walls etc. 
Install reboiler / TVR, if appropriate 
Treat energy-rich co-product streams through anaerobic digester to create methane - be aware CO2 is also 
created 
Reclaim energy from spent grains and pot ale into biomass rather than animal feeds 
Replace gas or oil boiler with biomass boiler 
Install solar panels / wind farms / ground heat pumps 
Install energy efficient lighting - energy-saving with PIR detectors 
Ensure all waste is separated for most efficient disposal / recycling 
Encourage team to travel to work in car-shares or public tansport or cycling or walking, and to travel for business 
more efficiently - especially air travel 
Establish energy-saving culture - turn off lights, don't leave pumps running excessively etc., reduce, reuse, recycle, 
recover, reclaim 
Pay to off-set carbon footprint 
Calculate new carbon footprint and compare to baseline 
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Test quality of each part of process against standard with each 'carbon reduction' change and monitor differences 
to esure consistency or improvement 
Examples of where reducing carbon footprint can impact spirit quality. 
 
The average mark for this question was 11 / 20. 
 
 
QUESTION 6 
 
A distillery is considering selling co-products into the animal feeds market. Investigate all considerations 
to ensure the co-products are fit for animal consumption. [25] 
 
HACCP analysis, including everything leading to and including spent grains, pot ale (syrup) and pellets 
Identify pre-requisites 
Identify physical hazards - metal, hard plastic, glass, jewellery, engineering debris 
Identify chemical hazards - detergents, sterilants, lubricants 
Identify (micro)biological hazards - legionella, leptospirosis, operator diseases 
Identify CCPs - lethal temperature, magnets, destoner, cleaning 
Control CCPs 
Operator training with detail 
Documented food safety systems with top-level detail 
Return to work policy - 48 hours delay after sickness and diarrhoea etc. 
Internal and external audits 
Traceability - TASCC, intake, process records, trailer inspections 
Recall exercises 
External (or in-house) micro testing 
Retention of frozen representative samples of each batch to market 
FEMAS or similar scheme 
Approved contractor for removal to trade. 
 
Only 1 candidate answered this question. 
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Master Distiller Module 2 
 
Paper 1: Short Answer Questions 
 
Key elements 
 

• Paper 1 requires to be passed  

• Checks candidate’s breadth of knowledge 

• Questions cover complete syllabus 

• Covers all types of distillation  

• Covers all types of substrate 

• Tests how knowledge is applied 

All candidates showed knowledge of the syllabus required. Marks were lost through not attempting some questions 
, mostly of the non- cereal substrate, suggesting knowledge of the range of spirit types and how they are produced 
was lacking. It was also clear that some candidates had not built up a knowledge of parts of the syllabus. 
 
Paper 2: Long Answer Questions 
 
QUESTION 1 
 
a) State six important properties needed in a yeast suitable for use in distilled spirit production. [3] 
 
b) Discuss the options for the storage and maintenance of pure yeast cultures. [6] 
 
c) Outline the requirements for yeast propagation and detail a yeast propagation regime to prepare liquid 
yeast from a pure culture stored on a slope. [16] 
 

• State six properties needed in a suitable yeast 

• Discuss the options for storage and maintenance of pure yeast culture 

• Yeast propagation requirements 

• Yeast propagation regime to prepare liquid yeast from a pure culture 

• Detail key reasons for each step and key parameters to ensure efficiency 

• Discuss impact on quality and volume of yeast of each step and parameter 

Further comments 
  
Part “a” had lots of options and candidates were able to state the six required. Part “b” was again also answered 
well and showed a good knowledge of storage and maintenance of yeast cultures. Candidates did not get all the 
marks as the answers concentrated on storage and missed key points of maintenance such as storage in two 
places and requirement to maintain strain purity. Part “c” was where candidates did not provide enough detail to 
get all the marks available. The propagation steps and nutritional requirements were laid out but detail on reasons 
and potential impact on quality were scarcely covered. 
 
 
QUESTION 2 
 
a) Briefly describe operation of a cleaning in place (CIP) regime to allow cleaning of the equipment after 
dry handling and before distillation. [10] 
 
b) Microbial contamination results indicate higher than desired levels. Outline your actions to bring the 
level back into an acceptable range. Your answer should include reference to the raw material used and 
type of vessels at the distillery. [15] 
 

• Diagram of equipment used for CIP 

• Including detail of individual parts 

• Question requires CIP system to clean several different process operations 

• Include safety features and cleaning options for different applications 

• Detailed plan of action with logic behind each step, including sampling point, frequency, analysis, 

acceptable results.  

• Action plan based on results of investigation including operator training and laboratory procedures  
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Further comments  
 
This question goes to the heart of the level of knowledge a Master distiller candidate. Most candidates gave a good 
description of a CIP system, though the need for it to be flexible enough to clean all parts covered was missed by 
some. The question allowed for several CIP systems to be included. In part “b” a logical approach was required 
and good candidates used a recognised problem solving tool as the backbone of the answer. Marks were lost by 
not providing detail on sample frequency, analysis to be carried out and how this information was used to resolve 
the issue. Marks were also missed by not including operator re-training and updating of operating procedures to 
prevent recurrence. 
 

 

QUESTION 3 

 

Discuss the principles of operation and selection of evaporation and drying plant available to the distiller 

to produce a dried animal feedstuff. [25] 

 

• List of available options 

• For each the operational principle 

• Process applications each option is suited to process 

• Brief discussion on energy usage 

• Suitability of each option for feed material  

• Discuss Potential market, capex and operating costs 

 

Further comments  

This question was answered well and candidates gave a good range of options. Time was wasted when 

candidates gave a description of how the feed material was made which was not required by the question. Good 

description of the operation and principles behind the operation were provided. To gain the maximum marks 

candidates needed to include in the answer a discussion on energy usage, cost of construction and operational 

costs for the various options. In addition factors such as potential markets and disposal of any residual materials 

gained additional marks. 

 

QUESTION 4 

 

Design a sampling plan for monitoring fermentation performance detailing the analysis to be carried out 

on each sample and the actions when results fail to meet standards. [25] 

 

• Detailed sampling plan 

• Include frequency, reason for sample 

• Detail on analysis of each sample in plan  

• Typical range expected including units 

• Actions when analytical result is out with typical range  

• Include any changes to sampling plan as a result of actions 

 

Further comments  

The first part of this question was a typical action that a master distiller should know. The plans were acceptable 

and showed knowledge of what needed to be monitored throughout a fermentation. Marks were lost by not 

mentioning optimum frequency, difficulty of obtaining a sample and required storage conditions of sample if not 

analysed when drawn.  

 

The second part of the question required candidates to show knowledge of typical analytical results, what the 

analysis result indicated about the performance of the fermentation and what action was needed to correct out of 

range analysis. Candidates did not give the level of detail required to gain full marks by only providing a discussion 

on impact and not when the analysis required action. To gain full marks candidates also required to show how the 

plan would be altered in light of out of range results and subsequent actions. 
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QUESTION 5 

 

Regarding a two stage (double distilled) distillation process , discuss the options for creating different 

styles of spirit from the design and operation of the distillation equipment. [25] 

 

• Short comment on types of double distillation available to distiller. 

• For each impact on spirit type produced 

• Impact of still shape and size 

• Impact of collecting only a part of the distillation 

• Impact from operational parameters, speed, volume, cooling of distillate 

• Impact of collecting and holding intermediate liquids at different strengths and times 

 

Further comments  

 

Candidates lost marks by assuming that the question required a discussion on only one type of distillation 

equipment. A good mark could be gained by only discussing one but a broader answer was required to gain a high 

mark. Most candidates gave a good description of the impact on the process from changing, feed strength, 

distillation rate, cut point and still shape though the impact and type of spirit produced was not so well covered. Full 

marks required discussion of the impact of vapour condenser type and temperature of cooling liquid in the 

condenser. The impact of balanced and unbalanced also need to be discussed. 

 

 

QUESTION 6 

 

a) With the aid of diagrams design equipment that would produce a neutral spirit from a feed containing 

10% ethanol by volume to the following specification. Ethanol concentration greater than 96.5%vol, 

Methanol concentration less than 5milligrams per litre ethanol (mg/Lpa), Acetaldehyde concentration less 

than 2mg/Lpa, Iso-amyl alcohol concentration less than 1.5 mg/lpa, State how your design achieves the 

desired quality. [15] 

 

b) Recommend actions when the final spirit fails to meet the above specification. [10] 

 

• Diagram of equipment required to produce specified quality of product 

• Including detail of individual parts 

• Include equipment to produce the low levels of congener stated 

• Knowledge of relative volatility and how this results in need for equipment stated 

• Actions required when product is out with specification for the four named congeners 

• Include impact on customer expectations 

 

Further comments  

 

This question draws on the candidate’s knowledge of how to remove specific congeners and importantly what 

specific types of distillation column is required for each. Most candidates gave basic diagrams but provided little 

detail on flow of liquid, plate type, plate number, ethanol strengths of inlet and outlet streams.  Though not 

specifically mentioned in the question candidates did include method of heating. High marks were gained when the 

candidate gave a reason for inclusion of a particular item of equipment not just a diagram of the equipment. 

Operational detail also gained additional marks. The second part of the question required detail of the actions to 

take not just comment on what level of congener made the spirit fail the specification. Candidates did not consider 

the impact on a customer of producing out of specification product. 
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Master Distiller Module 3 

Paper 2: Long Answer Questions 
 
QUESTION 1 
 
A new plant is to be established for bottle filling spirits with an annual capacity of 50,000,000 litres per annum 
all at 40%v/v. 
 
The product split is as follows: 
 
30,000,000 litres of 700 ml bottles 
15,000,000 litres of 350 ml bottles 
4,000,000 litres of 200 ml bottles 
1,000,000 litres of 5 ml miniatures 

The product is approximately evenly split between a) various matured spirits and b) white spirits, such as 
vodka and gin. The spirits arrive in bulk from a duty-free warehouse or distillery as appropriate. 
 
As a range of contract customers are being served, flexible packaging options are required. The plant will 
operate on two 8 hour shifts, 5 days a week, 48 weeks per year. 
 
With the aid of a diagram, describe and detail the individual plant required including throughputs, capacities, 
equipment configuration, utility requirements, and manning. State any assumptions made and show any 
calculations. [25] 
 
In many ways a simple arithmetic challenge but one which required a broad knowledge of  the various aspects of 
running a spirits bottling operation. I would have expected a reasonable answer to cover spirit receipt, storage, chill 
filtration, dilution prior to bottling etc in a suitable tank farm arrangement. 
Given contract bottling is involved flexibility will be key so multiple lines would be expected. 
 
Any reasonable assumptions about labour, direct and indirect, would be acceptable and reasonable comments 
regarding line efficiencies expected. 
 
Energy supply, water, CIP and effluent arrangements should also be mentioned. 
 
The main elements of a bottling line from de-palletisers through to case packers should be laid out, mentioning the 
“U” curve etc. 
 
Only one candidate answered this question. 
 
 
QUESTION 2 
 
Examine the various changes new make spirit will undergo during a lengthy maturation in oak casks. Give 
an example for each type of effect. Include consideration regarding the various factors which may influence 
this process. [25] 
 
All four candidates attempted this question, and most gave quite satisfactory answers. 
 
It was expected that additive, subtractive and interactive processes of various sorts would be cited and discussed. 
 
“Various factors” could include spirit and wood type but also environmental considerations such as ambient 
temperature and variability, warehousing type, humidity and how often casks had been used or extent to which 
they had been charred. 
 
Examples of compounds of various compounds lost and created from the spirit and extracted from the wood. 
 
 
 
 
 
 
 
 



29 
 

QUESTION 3 
 
a) A copper pot still is to be installed in your facility to produce distilled gin. 
Design an installation which will enable two stated different styles of gin to be produced. Consider the 
logistics of the operation including the main necessary raw materials required. State any assumptions made. 
[17] 
 
b) Develop quality assurance and operational procedures that would be required including the management 
information to be collected. [8] 
 
Three candidates attempted this question with most giving satisfactory but not outstanding responses. 
 
In part “a” a bit of imagination would be required as deliberately little was provided. 
 
I was expecting a diagram listing the main elements of a gin still, and given flexibility was required. I’d be surprised 
if a botanicals basket wasn’t needed somewhere as well as the ability to steep. 
 
I’d also expect a definite plan for a heating methodology, although open as to whatever it might be. 
 
Tanks or IBCs of high strength spirit, process and product water as well as a few named botanicals. 
 
Product receipt capability, feints recycle, and effluent and spent botanicals disposal are also aspects of logistics. 
 
Part “b” is very straightforward. I’d expect an explanation of whose benefit the QA was for, (regulators and clients as 
well as the company). Also examples of data to be collected, raw material specifications, mentions of SOPs, CCPs 
etc, and product recall measures. 
 
 
QUESTION 4 
 
For a named new make distilled spirit, explain how you would formulate a budget product costing (“cost of 
make”) explaining how those costs would be categorised. 
 
Further consider how you would track actual expenditure versus budget, including three examples of 
potential areas of non optimal performance and remedial steps which should be initiated. [25] 
 
Three candidates attempted this question with only one getting a reasonable mark. 
 
Name a product and then think about variable costs, fixed cost and overheads of various sorts. Raw materials, 
energy, labour, depreciation etc. etc. 
 
At reasonable time intervals, (weekly, monthly, quarterly etc.) review actual against plan. Are variances volume or 
usage? Yield issues or energy or labour over runs? Suggest remedial action. 
 
I would have thought Master candidates would have been very familiar with hitting budgets by this stage of their 
career. 
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QUESTION 5 
 
A redundant distillery has been purchased which can produce 20 x 2 tonne mashes per week for 48 weeks 
per year, has all other equipment in good working condition and is supported by a floor maltings producing 
10 tonnes of malted barley per week which is limited by a kiln which cannot be expanded. Waste liquor is 
tankered off site. 
 
In preparation for a project meeting set out a strategy plan covering the following three items :- 
a) Describe the equipment one might anticipate will be on site and their capacities. [10] 
 
b) Develop a logistics plan for sourcing the main raw materials which will be required each week for the first 
twelve months operations. [10] 
c) Explain how plant output might be doubled by appropriate capex investment. 
(State any assumptions and show calculations) [5] 
 
Three candidates attempted this question but only one passed. 
 
“a” was looking for intake/silos/mill/mashtun/fermenters/stills with a few figures thrown in. 
“b” wanted calculations of the raw materials required and likely output 
“c” was looking for an expansion plan. The floor maltings was the only complicating factor as waste goes to AD. 
 
Very disappointing as I’d have hoped this was a gift of a question. 
 
 
QUESTION 6 
 
a) Examine the issue of “cloudiness” in mature spirits, its origins, composition, and removal, including 
explaining the equipment required and procedures. [10] 
 
b) Select the various laboratory techniques one would employ when analysing mature spirit, giving examples 
of the main compounds which might require quantifying and why. [10] 
 
c) Differentiate two main categories of tests which might be employed when carrying out sensory analysis 
on spirits, giving two examples of each. [5] 
 
Two candidates attempted and passed this question. 
 
The first part was an invitation to discuss both reversible and irreversible haze and then move onto chill filtration. 
 
The second part was an invitation to identify components which might be found in mature spirit (eg higher alcohols, 
esters and aldehydes) and techniques such as GC-MS which might be used. Consistency of product and/or 
identifying counterfeit product are couple of reasons for analysing. 
 
I was expecting, for the final part, mention of both descriptive and differentiation tests and then correctly identified 
examples from, say, flavour profiling, off note detection on the one hand and triangle tests, ranking order tests etc. 
on the other.                          
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Master Distiller Module 4 
 
Paper 2: Long Answer Questions 
 
QUESTION 1 
 
Evaluate the best practice measures in place to conserve energy and water in a modern specified distillery 
from raw material processing to distillation. [25] 
 
 
QUESTION 2 
 
a) Explain "Safe Working Practice" and "Permit to Work". [10] 
 
b) Using examples, describe the distinct purposes for each and how each may be 
developed and improved. [15] 
 
 
QUESTION 3 
 
A distilling company has decided in principle to produce an own label product for a customer. A contract 
with the customer now needs to be negotiated. Explain what aspects of quality assurance should be detailed 
in the contract? [25] 
 
 
QUESTION 4 
 
The operations function of a distilling company has a lack of financial control procedures. Detail which key 
elements of good financial practice should be implemented for improving company profitability and the 
benefits of each. [25] 
 
 
QUESTION 5 
 
a) A major supplier to a distilling company has announced a significant increase in its prices which is 
unacceptable. Describe the process for finding and engaging a new supplier to optimise production costs 
and consumer requirements. [10] 
 
b) Detail how the change in suppliers should be managed to ensure no disruption to the company's 
customers as well as minimising any financial impacts. [15] 
 
 
QUESTION 6 
 
a) Detail and quantify the Key Performance Indicators (KPIs) which characterise “World Class” maintenance 
performance. [17] 
 
b) Describe options for organising engineering spares and materials to support “World Class” maintenance. 
[8] 
 

For Examiners comment on Master Distiller – Paper 4, please refer to comments for Master 
Brewer – Paper 4. 
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Diploma in Brewing 

Module 1: Raw Materials and Wort 
 
Short Answer Questions 
 

• Single word answers are not always sufficient – give more detail where required eg if the answer is 
"temperature" - has it been increased or decreased? 

• Number of candidates offered up solutions in the FV/MV area when the Q specifically states Brewhouse 

• What factors encourage trub formation in the kettle does not mean state means of settling it in whirlpool 

• Candidates not looking at their workings and answers to be sensible - hop additions - calcs ranged from 
0.24 kg to 2400 kg 

• Read the question  - if the questions states  “increase or decrease” then stipulate which. 

• If examiner expects full name - SMM - then it will need to be stated  

• Notable that some candidates only knew parts of the syllabus while working through the SAQs. 
 
Long Answer Questions 
 
QUESTION 1 
 
a) Draw a longitudinal cross section of a barley kernel and label all components. [7] 
 
b) From which component of the barley kernel does the precursor of 4-vinylguaiacol originate? What is the 
name of the compound and what is that component’s function? [3] 
 
c) Briefly describe the malting process for a pale base malt. Explain the purpose of each stage and the 
main changes happening to the barley kernel during each stage of the process. [8] 
 
d) Briefly discuss the impact of overmodification on milling operations and how it can occur. [2] 
 
   
Part a:  a clearly drawn and labelled barley kernel was required, and many given. 
 
Part b: Few candidates able to identify ferulic acid as the pre-curser of 4VG with many omitting an answer entirely 
 
Part c: Many candidates were able to correctly document the malting process but also included the barley intake 
process, which was not required. For full points, it was key to include: 
 
 1. A description of each stage 
 2. The purpose of each stage 
 3. The actual changes that occur during each stage 
 
Part d: How overmodification occurs and its implications on milling were well understood by the majority of 
candidates. Overmodification occurs when germination is allowed to get too high or the moisture is too high for too 
long. 
       
 
Further Comments 
In most papers, this was the first question attempted and was usually 1 of the 4 normally selected. 
 
Some excellent answers with clearly labelled diagrams of a barley kernel shows good recall. However, when 
challenged on depth of knowledge many fell short. The malting part of the question was generally well answered.  
Candidates lost time not answering as requested; where asked to' briefly describe' instead gave over-long, 
generalised scripts, many spent time on intake, drying & quality checks which were not required. 
  

 
QUESTION 2 

 
a) List and briefly explain six factors that can impact (positively or negatively) the overall hop utilization during wort 
production. [9]  
 
b) Provide a brief overview of the origin and composition of hop essential oils and their impacts on finished beer 
flavour. Include details of their fate during brewhouse operation and fermentation. [6] 
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c) Briefly describe lightstruck character in beer from formation to prevention. Include one non-packaging 
preventative option. [5] 
 

• Part a - in the main, well answered but many candidates only provided one key impact for 1/2 mark 

• Part b -  poorly answered by most candidates. Hop essential oils come from the lupulin glands of the hop 
cone and there are three types of oils: hydrocarbon, oxygenated, and sulphur-containing. Hop oils 
contribute fruity, spicy, citrus, and other aromas to beer if they aren't volatized during brewhouse 
operations or stripped out during fermentation. 

• Part c - as in part b - overall poor answers with minimal candidates attaining full marks - of those 
answering - most omitted 3-4 key points, not stating UV was regular. The first part of this question lended 
itself well to a tabular answer and was for the most part well answered. Many candidates did not read the 
question and gave coloured glass bottles or cans as a 'non-packaging preventative option' to lightstruck 
character. When 5 marks are on offer the candidate should know that the examiner is looking for some in-
depth detail. Lightstruck character is described as a skunky-aroma caused by the exposure of beer to UV 
light. 3-methyl-2-butene-1-thiol is a the compound responsible for this aroma and it can only be formed if 
light stable/reduced hops are NOT used. 

 
 
Further Comments 
 
A popular question with reasonable marks on part a, but then mixed results for part's b & c demonstrating minimal 
if any knowledge in this area. Many candidates listed packaging solutions to preventing skunking when the 
question explicitly asked for non-packaging options. 
 
 
QUESTION 3 
 
a) Outline the production process for manufacture of crystal malts. Describe their typical usage in brewing 
and impacts on finished beer. [10] 
 
b) Briefly define water hardness, its origins, and its impact on process equipment.  [4] 
 
c) Draw a basic flow diagram and describe Weak Acid Cation (WAC) water treatment. Include relevant 
details of affected water components and operational conditions. [6] 

 
• Part a - not many candidates showed a detailed knowledge of this process - many described in generic 

terms without key process parameters / steps. No one achieved full marks for this part. Crystal malts are 
produced by loading green malt into a roasting drum and stewing the endosperm to liquify the starch 
before crystalizing the sugars. Crystal malts must be used with a base malt, as they have no diastatic 
power and contribute minimal fermentable sugars. 

• Part b - poorly answered - candidates did not demonstrate understanding of the subject. Mixing of 
temporary & permanent features. Water hardness is caused by the dissolved ions or minerals in solution 
which consists mainly of calcium and magnesium ions. Hardness is composed of temporary and 
permanent hardness. Temporary hardness can be removed by boiling while permanent cannot. 

• Part c- very poorly answered - few candidates who attempted tis part were able to score close to full 
marks. Many candidates missed entirely demonstrating poor understanding of this part of the 
syllabus.WAC water treatment exchanges postively-charged ions in solution for Hydrogen or Sodium ions 
in a resin. Water hardness is caused by the dissolved ions or minerals in solution which consists mainly of 
calcium and magnesium ions. Hardness is composed of temporary and permanent hardness. Temporary 
hardness can be removed by boiling while permanent cannot. WAC only impacts temporary hardness. 

 
 
Further comments  
This question was avoided by most candidates and of those attempting it, resulting marks were low overall unless 
the candidate was conversant with crystal malt production. Most candidates skipped this question but those that 
attempted it had a much better command of malts than of water.  
 
Some candidates recreated full specialty malt diagrams from the learning materials wasting valuable time when the 
question only asked for a flow diagram of crystal malt production. 
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QUESTION 4 
 
a) Draw a labelled diagram showing the features of a full steep wet mill. [8] 
 
b) Discuss the advantages and disadvantages of an optimized full steep wet milling operation from a 
process, product, and equipment perspective. [12] 
 

• The drawing caused challenges for some candidates - lack of knowledge of what a steep wet mill was and 
how it fitted into the Brewhouse process. A full steep wet mill has a: steep hopper, steep water sprayer, 
feed roller, crushing rollers, mash water inlet, homogenizer, pump, CIP capabilities. 

• Part b - if the drawing was poor, some candidates recovered marks on the advantages / disadvantages. A 
few candidates lacked any knowledge of the process but overall most scored marks in this part. Not a 
popular question with a clear difference between those who understood or familiar with wet steeping, and 
the rest. Advantages include higher lauter tun loadings being possible due to a greater percentage of 
husks being intact and decreased extract of unwanted husk compounds. Disadvantages include potential 
hygiene issues and plansifters cannot be used to analyse grind profile. 

 
 
QUESTION 5 
 
a) Draw a diagram showing the typical layout of a Lauter Tun and label all associated features and 
instrumentation.  [5]  
 
b) List the typical steps for Lauter Tun operation. Describe any important precautions to take for each step 
(process or equipment design) and why they are important. [10]  
 
c) Briefly describe the purpose of each instrument to controlling the lautering process. [5] 
 

• Most L/T diagrams were well annotated although diagram quality was poor in many instances. Some 
candidates appeared to mix up mash tun operations with the L/T, both in diagrammatic and descriptive 
terms. A complex diagram was not needed here, but the examiner was looking for the key elements to be 
labelled with a standard lauter tun layout sufficient. 

• Part b - describing the L/T operation - no candidate scored fully on this part - aside from those who did not 
know how it operated, many just did not provide the key precautions, important points being asked for.  
There was a trend to drop off at grains out with some not even mentioning this stage let alone describe its 
function / importance. Many omitted to explain why each lauter tun step is important, for example gentle 
mash transfer to minimise shear and ensure the husks remain intact for mash filtration. 

• Part c - instruments - not well answered. Candidates did not read the question and described various 
components in and around the L/T but not instrumentation. For those who did discuss instrumentation, 
very few managed to link items together, i.e. a flowmeter does not control sparge flow or wort out flow - it 
reads the flow and the value is used to control valves / pumps. Similarly, a thermometer is not the 
controlling mechanism in itself. Part c was looking for deeper understanding of the purpose of the 
instrumentation around differential pressure, sparge flow, rake control and wort flow (turbidity/density or 
mass flow). 

 
 
QUESTION 6 
 
a) Using a table format list the significant physical and chemical changes that occur during wort boiling. 
Provide a brief explanation of why each change is important to the brewing process. [12] 
 
b) List and briefly discuss four factors that can impact the evaporation rate when using a wort kettle with 
an external wort boiler and forced recirculation pump. [8] 
 

• Part a - overall candidates answered this part well although a few broke a single change into 2-3 sub parts 
but this did not score any further marks but meant fewer changes listed overall. Chemical changes during 
wort boiling include enzyme denaturation, colour/flavour generation, SMM conversion to DMS and its 
subsequent evaporation, and hop isomerisation.  

• Part b - not well answered. Candidates did not read or understand what the question asked for. Physical 
changes include protein coagulation and precipitation, concentration by evaporation, and sterilization. 
External wort boilers with forced recirculation pumps require pumping during boiling to pass wort through 
the heat exchanger. Factors that increase evaporation include increasing the wort boiler discharge 
temperature and increasing the wort pump speed. 
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Module 2   Yeast and Beer 
 
QUESTION 1 
 
a) Briefly outline the process of wort carbohydrate uptake by Saccharomyces yeast cells. [4] 

 

b) Outline the pathways involved in the metabolism of glucose to ethanol making special reference to the 

generation of chemical energy and reducing power. [6]  

 

c) Briefly describe the sequence of uptake of amino acids by yeast from an all-malt wort and describe the 

impact that a lower than optimal level of free amino nitrogen has on yeast performance and beer flavour. 

[10] 

 
Part a - Listing the order of sugar uptake by the yeast (fructose, glucose, maltose and maltotriose); noting that 
sucrose first needs to be broken done to glucose and fructose (by invertase), briefly discussing the transport 
mechanism within the yeast cell/membrane for maltose and glucose (permease) 
 
Part b - Briefly describe the glycolysis or EMP pathway on the conversion to glucose to pyruvate and then the 
pyruvate to ethanol pathway.  Discuss the generation of chemical energy and reducing power for the glycolysis 
pathway producing 2 ATP Net or 4 ATP total as well as 2 NADH, and the conversion of NADH to NAD+ during 
conversion of acetaldehyde to ethanol.  Extra mark was given if the student mentioned the regeneration of NAD+ 
for glycolysis to continue. 
 
Part c - This part consisted of 2 sub-parts: 
 
Section 1 - the assimilation of amino acids grouped into four classes (A to D) and the order of assimilation and 
conditions.  Group A immediately, followed by Group B and Group C slowly absorbed and only when Group A fully 
assimilated.  Group D, utilised poorly or not at all.   
 
Section 2 - required the candidate to describe the impact of a low amino acid uptake has on yeast fermentation 
performance and flavour.  Poor/sluggish fermentation, higher final extract at end of fermentation, lower ethanol 
concentration produced, higher H2S, Diacetyl and esters, lower levels of higher alcohols. 
 
Further Comments 
  
Overall this question was well answered by most candidates. 
 
Generally, most candidates were able to answer the first part of this question very well, but some still forget the 
importance of Invertase and how the transport mechanism work.  
 
The second part of the question resulted in the very good answers to give a concise description of the glycolytic 
pathway and identify the number of ATP and NADH molecules produced. Some candidates decided to give both 
the Glycolytic and TCA pathways, when only the glycolytic/EMP pathways was required. No extra marks were 
given if TCA pathway discussed.    
 
The final part of the question in relation to Amino acid utilisation and impact on yeast performance and flavour 
development was mixed.   Some students were able to identify the specific flavours impacted by a low wort FAN 
level but incorrectly noted the impact of flavour development (back to front). 
 
 
QUESTION 2 
 
a) Describe the components in beer that create stable beer foam. [8] 

 

b) List and describe the various foam positive and foam negative factors influencing foam stability that are 

controlled by the brewery. [12] 

  
Part a) required the candidate to list several components in beer that created stable beer foam.   
 
A suitable answer required to note that foam formation depended on (i) the presence of gas (CO2 and air or CO2 
and nitrogen) (ii). Listing foam promoters such as glycoproteins and the molecular weight of the polypeptide 
components and total molecular weight. (iii) the importance of these polypeptides in foam formation (due to 
hydrophobic and hydrophilic components.   
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Also, the importance of iso-alpha acids on foam stability. (iv). The importance of nucleation sites, beer viscosity, 
metal ions, LPT1. 
 
Part b) required the candidate to list the processing factors affecting foam stability.   
 
The foam positives in the Brewhouse (quality of malt – not over modified, wheat protein, iso apha acids, oats) and 
in fermentation/filtration (avoiding fob formation during transfer and carbonation, use of reduced hops, addition of 
PGA).   
 
Then listing foam negatives in the Brewhouse (Maize and rice due to high oil content, excessive boiling, Low mash 
temperatures – promoting proteolysis, low wort pH, cloudy worts containing high lipid material) and in 
fermentation/filtration (excess fobbing during fermentation, use of antifoam that might. 
  
Further Comments 
 
Another popular question attempted by many of the candidates. However, the quality of answered varied between 
the candidates.   
 
In part A of the question, most candidates understood the importance of the gas (CO2 and Nitrogen) but the 
importance of foam promoters such as Glycoproteins and the importance of hydrophobic and hydrophilic 
components were not always well discussed.   
 
Not many students were able to list the molecular weight of the polypeptide component. The best answers were 
able to also mention the importance of iso-alpha acid, metal ions, LPT1 and nucleation sites.   
  
The second part of the question was generally well answered but top marks were given to the students that were 
able to list a number of factors that impacted positively and negatively during the brewhouse operations and during 
fermentation/storage and filtration. Many candidates were only able to identify a limited number of factors. Some 
candidates discussed the impact of dirty glasses and use of detergents in cleaning glasses and beer lines in a 
commercial organisations (bars/clubs/hotels) selling draft or packaged beer on foam stability, but no marks were 
given to these answers for the question specifically asked to describe factors that influence foam stability that can 
be controlled within the brewery.  
 
 
QUESTION 3 
 
a) Name and describe the equation that describes the mechanism of sedimentation and how this is 

manipulated in a disk stack centrifuge. [8] 

 

b) Draw and label a diagram to show a cross section of a typical disk bowl centrifuge and the flow of liquid 

within it. [7] 

 

c) Describe how solids are separated from the liquid in a disc bowl centrifuge. [5] 

  

• Provide and name Stokes Equation, explain what all the parameters are 

• Describe how g (gravitational constant) is replaced by the radius of the circular path and the angular 

velocity when considering sedimentation in a centrifuge. 

• Candidates should have provided a diagram (this should be ¼ to ½ page in size to be easily readable) 

which was fully labelled, with arrows demonstrating the directional path of the liquid.  

• Liquid entering centrifuge divided into multiple thin layers – reduces sedimentation distance 

o Force sends solids to outside edge moving along the underside of the disc  

o Liquid flows upwards for removal 

Further Comments 
  

• Many of the diagrams provided were very small, candidates should remember that if it was specifically 

asked for in a question then there will be marks associated with it and your examiner needs to be able to 

read it! 

• The excellent answers for part c drew additional diagrams to enhance their answer or annotated the 

diagram that had been provided in part b). 
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QUESTION 4  

 
a) Using a table name four inter-related factors that determine the effectiveness of cleaning and for each 

describe four things that influence the effectiveness of that factor. [8] 

 

b) Describe three principles that must be taken into account when designing an effective cleaning/CIP 

system. [6] 

 

c) Define what a biofilm is and describe its development. [6] 

 

• Factors 

o Mechanical – quantity of solids, flow rates, pressures, shear stress, measurement efficiency 

o Chemical – quantity and quality of soil, concentration (and measurement), topping up, solids in solution, 

dilution in circuit, neutralisation etc. 

o Temperature – temperature control, initial temperature, cooling in circuit, efficiency of temperature 

control 

o Time – complete process, time for previous step, reaction time, drain time, pump sequence time, valve 

open/close sequence time, control efficiency.  

• Principles – vessel size and number, instrumentation, pipework, flow rates and actions, pressure drops, 

water hardness  

• Biofilms – a mixed group of microorganisms forming a community, protected niche, micro-environment, 

protection, quorum sensing, proliferation.  

Further Comments 
  

• Many candidates did not provide their answer for part a in a table. 

• Many candidates repeated the same information in different sections for their answer to part a), 

unfortunately for these students they would only receive the marks once.  

• Part b all suggestions required a reasonable level of elaboration, it was not enough to provide a list. 

• Part c was not well answered, which suggests a lack of knowledge around why cleaning is important and 

what you are trying to prevent occurring with well-designed cleaning regimes. 

• An excellent answer for part c was accompanied by a diagram.  

 

 
QUESTION 5 
 
a) Explain, with the aid of a diagram, how the precursors of ethyl acetate originate from pyruvate and name 
the enzymes involved. [7] 
 
b) Explain the biochemical pathway (including enzymes) for the formation of higher alcohols and support 
your description with a diagram. [6] 
 
c) Briefly describe factors that affect ethyl acetate and higher alcohols levels and indicate whether 
changing the factor increases or decreases these flavour compounds. [7]                                                                                                                      
 

• a) pyruvate to acetaldehyde to ethanol with enzymes involved in each reaction 

• a) pyruvate plus coenzyme A to acetyl CoA  

• b) amino acid (or carbohydrate) to keto acid to aldehyde to higher alcohol with the enzymes involved in 

each reaction 

• c) higher alcohols – more oxygen= more: more FAN=more: more pressure = less: higher temperature = 

more  

•  c) ethyl acetate – more oxygen = less: increasing temperature = more: more FAN = less: more pressure = 

less:  more lipids and trub = less 

    

Further Comments 
 
This was a straightforward question, all the information was in the revision notes, including the information on the 
enzymes.  Some candidates regurgitated diagrams from the revision notes without explanation. An answer without 
explanation or the enzymes did not gain a full marks.  
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QUESTION 6 
 
a) Describe the mechanisms involved in the formation of chill haze and permanent haze. [10] 
                                                                                                                                                 
b) List and explain ten actions that can be taken in the brewing process to slow haze formation in 
packaged beer, excluding the addition of chill-proofing agents. [10] 
 

• Phenolic compounds are oxidized to polyphenol and tannins when oxygen is introduced into beer  

• Loose bonding initially occurs between polyphenols and proteins without causing haze 

• Next hydrogen bonding occurs causing chill haze  

• Covalent bonding occurs later resulting in permanent haze  

• Avoid raw materials and brewhouse containing high amounts of protein or heavy metals  

• In the brewhouse items included using a proteolytic stand, removing trub, and having a vigorous boil 

• In finishing items include exclusion of oxygen and chilling the beer before filtering   

 
Further Comments 
 
This question requires the candidate to be familiar with this area and details of the information in the revision notes. 
Some candidates mistakenly included information on chill-proofing agents in their answers despite being 
specifically asked to exclude it:  no marks were given for these comments.  
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Module 3: Process and Packaging Technology 
 
QUESTION 1 
 
a) Explain the measures which are available for assessing the effectiveness of plant maintenance. [10] 
 
b) Discuss the constraints and competing demands which may affect maintenance activities. [10] 
 
For part a) the availability aspect of Overall Equipment Effectiveness (OEE) is important. This is made up of  
         Availability, performance, quality (all 3 important re maintenance) 
          Avail % = Act uptime / sch runtime x 100 
          Perf %  = Units prod / act runtime / design capability x100 
The amount of quality failures may be symptomatic of maintenance issues. Measures to be included were : 
Meantime between failure 
Meantime to repair 
PM backlog 
Compliance to planned hours (schedule) 
Spares stock-outs 
% of PM / Predictive work 
% of corrective maintenance 1 or 2 
% of technician workday on “tools” 
Proactive Work Capacity index (PWCi) 
          = Schedule Compliance x Schedule Load x Tool time 
          PWCi (World Class) = 0.9 x 0.9 x 0.65 = 0.53 
Autonomous Maintenance hours worked 
 
It is important that candidates explain measures with a cost emphasis e.g: 
          Maintenance cost / unit output 
          Cost as % replacement value 
 
For part b) the constraints are : 
 
Time: 
         Loss of scheduled maintenance time for production 
         Slots for extended maintenance work 
         Pressure to fix breakdowns temporarily rather than permanently 
         Unsocial hours for maintenance 
         Regulatory deadlines (e.g. pressure system inspections) 
Cost: 
         Labour costs – number of technicians 
         Specialist contractors 
         Spares stockholding 
         Affordability / scope of shutdown work 
Skills: 
         Own staff skills 
         Specialist skills 
Access: 
         Plant availability – lines 
         Plant availability – shared services / utilities 
Other: 
         Competing priorities where maintenance resources shared 
         Working with inherently unreliable plant – de-motivating! 
         Agreeing which maintenance activities are appropriate 
         Measuring effectiveness      
         Motivation of staff 
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QUESTION 2 
 
a) Discuss the different states of flow, including Reynolds number ranges, that are possible when fluids 
move through a pipe. Include in the discussion examples of where a specific flow regime is desired and 
explain why. [8] 
 
b) Water flows through a tubular heat exchanger with a 35 mm inner diameter tube at a flowrate of 100 L 
min-1. Calculate the Reynolds number for the fluid assuming it is at 70°C and so has a density of 977 kg m-
3 and viscosity of 0.0004 Pa s. Identify the state of flow and discuss why the particular state of flow is 
desired for this application. [6] 
 
c) Discuss how the state of flow affects the average fluid velocity relative to the maximum fluid velocity. 
Include a diagram in your discussion. Compute the mean and maximum velocities for water in the tube 
described in this problem. [6] 
 
For part a) :There are three different types of flow that are possible – exceptional answers will discuss transitional 
flow - most only focussed on Laminar vs Turbulent. 
1. Laminar – Reynolds number less than 2100 
2. Transitional – NRe between 2100 and ~3000 / 4000. 
3. Turbulent - NRe greater than ~3000 – 4000. 
 
Examples of each – key points are laminar and turbulent, transitional flow answers are expected to be rare 
Laminar – bottle/can filling. Ring bowl filling. Some tank transfers. Yeast and effluent slurries. Gas flow down 
capillaries. Don’t want mixing 
Transitional – draught dispense for mixed gas beers through a streamer nozzle. Need slight turbulence for foam 
mixing but don’t want too high  turbulence. 
Turbulent – CIP and heat transfer.  
Want mixing 
 
For part b) 
i. Average linear velocity = 1.73 m/s (2 points) 
ii. Reynolds number is ~150,000 – turbulent flow (2 points) 
iii. Turbulent flow is desired because this is a heat transfer phenomenon and we want a well-mixed flow regime. 
Furthermore, we would like there to be minimal difference between the average and max (centreline) velocity. 
Note incorrect approach may use volumetric flowrate (100 L/min) in Reynolds number calculation as it is a 
common mistake. Resulting Reynolds number would be 8,5 x 106, in this case.  
 
 
For part c) 
Laminar flow delivers a parabolic flow profile where the average velocity is ½ max velocity. 
Turbulent flow is less parabolic and moving toward plug flow. The average velocity is much closer to the peak 
velocity because of the turbulent mixing and the relationship varies depending on the extent of turbulent flow where 
average velocity = 0.75 – 0.85 max velocity. 
Average linear velocity = 1.73 m/s 
At turbulent flow, avg. velocity = ~0.8 x (max velocity) 
Which means max velocity is ~1.25 x (avg. velocity) 
Max velocity is 2.16 m/s. 
 
 
QUESTION 3 
 
a) Describe, with the aid of diagrams, the principle of operation of a double seat mix-proof valve. On the 
diagrams clearly indicate the flow of liquid through the valve in its different operating positions for product 
and CIP flow. List three advantages and identify one risk associated with their use. [10] 
 
b) Discuss the issues which can arise when using flexible sealing materials (e.g. nitrile rubber) in 
applications containing product or service fluids and appropriate measures to prevent problems arising. 
[10] 
 
 
For part a) 
 
Diagrams showing the valves activated and deactivated with seat positions and flows clearly shown, expect to see 
leak zones clearly indicated for production and how they are cleaned Description should cover how valve operates 
including position feedbacks. An excellent answer will include a simple valve matrix to indicate their functionality. 
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Advantages 
• Allow 2 products to flow without the risk of cross contamination, requires 2 points of failure for mixing to occur 
• Allow forward feed tanks changeover automatically as they empty when preselected without the need for an 
operator to change pipework etc. 
• Allows for multiple tanks and filling lines to be safely connected 
• Safety – reduced requirement for operators to open lines reducing the risk of injury from contact with corrosive 
and or high temp liquids 
• Quality pipes minimise micro and DO pickup 
 
Risks 
• Lack of maintenance knowledge can result in incorrect set-up and removal of the leak zone reducing the valve to 
a single point of failure 
• Lack of understanding from operators can result in valve faults being masked to allow selections to be made that 
could lead to injury or contamination due to valves being in the incorrect positions 
• Poor maintenance access when these valves are installed in a matrix, which is how they are frequently set-up. 
 
For part b) 
Again, looking for discussion - not just lists 
 
Mechanical problems 
Loss of containment of product / process gas / air ingress due to mechanical failure: 
Incorrect fitting of seal(s) - visual / gauge checks 
Under-compression of seal due to incorrect tightening - measurement 
Over-compression of seal due to incorrect tightening - measurement 
Loss of containment due to hydraulic shock: 
Seal(s) subjected to massive pressure e.g. due to incorrect or sudden closing of downstream valve - system 
design and operator training 
Need to have the proper specification of operating parameters in terms of temperature, pressure, chemical 
resistance, abrasion. 
 
 
Flavour taints 
Taints imparted into product / process gases etc: 
Under-cured, incorrectly manufactured seal(s) - looking for quality assurance checks during and after manufacture, 
maybe lab checks at place of use 
Incorrect application or use of adhesive (fairly unusual these days) - QA / QC checks during application, lab checks 
afterwards 
 
Certification of food safe, FDA approved 
 
 
QUESTION 4 
 
a) Dry saturated steam at a pressure of 475 kPa flows at a rate of 0.1 kg s-1 through a 60 m length of 
insulated pipe whose outside diameter is 110 mm. 
 
Calculate: 
(i) The heat loss to the surroundings if the ambient temperature is 20°C. 
(ii) The dryness fraction of the steam as it leaves the pipe. 
 
Data 
The temperature of dry saturated steam at 475 k Pa is 150°C and its latent heat of condensation is 2114 kJ 
kg-1. 
The overall heat transfer coefficient for the lagged pipe, including the outside surface film heat transfer 
coefficient, is 1.0 W m-2 K-1. [8] 
 
b) Discuss why steam becomes “wet”. Describe the range of effects using wet steam has on operational 
performance of the brewery or packaging hall and the potential long-term negative consequences on 
equipment. [8] 
 
c) What measures can be taken to ensure that steam is dry and saturated at the point of use? [4]                                                                                                                           
 

• Heat loss is calculated using the heat transfer equation q = UADT using the outside diameter to calculate 

area.   

• The dryness fraction = Enthalpic capacity in wet steam / Enthalpic capacity in dry steam where 
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o Enthalpic capacity in dry steam = steam flow rate x latent heat of vaporization. q = mDh 

o Enthalpic capacity of wet steam = enthalpic capacity in dry steam – Heat Loss 

• Steam becomes wet because of energy loss between the boiler and the point of use. The negative 

consequences are corrosion and scaling, water hammer, reduced heat transfer, increased load on steam 

traps and damage to equipment  

• Ensure steam is dry at the point of use by using insulation, using a steam trap just prior to the point of use, 

applying superheat at the boiler and releasing steam from the boiler at higher pressure than needed and 

reduce at the point of use. 

 

Further Comments 
 
An even distribution of marks across parts a, b and c were awarded. Most candidates remembered the heat 
transfer equation, but the outside diameter was key to calculate the area not cross-sectional area. Typically, 
candidates who calculated the total enthalpic capacity of dry steam, using q=mDh, completed the dryness fraction. 
Candidates are reminded to show equations and working out to achieve maximum marks. 
 
Whilst candidates could identify effects of steam becoming wet they didn’t always explain the reasons why. 
Candidates could identify at least two ways to ensure steam is dry at the point of use, the use of steam traps and 
super heat being the most popular. 
 
 
QUESTION 5  
 
a) Draw and label a diagram of a full recovery hot cleaning in place (CIP) system. Include in the diagram 3 
tanks, pumps, valves, caustic dosing system and instrumentation. Identify the key parameters to be 
controlled, clearly showing the feedback loops on the diagram. [6] 
 
b) For the above system the temperature of the caustic tank is to be automatically controlled to a 
temperature of 75°C by using a feedback loop to modulate the flow of steam into a tubular heat exchanger 
via a steam control valve. [14] 
 
i) Draw a block diagram of the main components of the system, including the feedback loop, and describe 
the function of each component. 
 
ii) The temperature of the caustic tank must be maintained when caustic is called for in a CIP programme. 
Draw a simple temperature - time course diagram to show the likely effect of the disturbance on the 
controlled variable of caustic temperature if:  

➢ proportional control (P) only is employed. 
➢ proportional and integral control (PI) only control is employed and identify a key advantage and a 

key disadvantage of this control strategy compared to P control. 
➢ What is the advantage of employing correctly tuned PID control over PI? 

                                                                                                                   

• The key parameters to be controlled were: levels in all tanks, conductivity in the caustic tank and return 
fluid, temperature in the caustic tank and flow control for the system 

• The actual temperature of hot caustic is measured by the temperature transmitter. The controller compares 
the actual temperature against the desired value or setpoint of 75°C and sends an output signal to the 
actuator to reduce the error. The frequency and manner of the computation is determined by the type of 
controller and it’s tuning. The actuator, steam control valve receives the output from the controller and 
based on this adjusts the flow of steam which reduces the error in temperature.  

• The P temperature - time course drawing should show an offset and include the control equation,  

• The PI temperature - time course drawing should show no offset and include the control equation.  

• PI control compared to P only control:  
o PI can eliminate the offset 
o PI has greater overshoot, longer response time and longer period of oscillation 

• PID control will reduce overshoot and response time 
 
Further Comments  
 
Candidates attained an even distribution of marks across parts a and b. The CIP diagrams varied in quality and the 
control loops were not always clearly shown. The description of the hot caustic control loop was answered well by 
most candidates, for maximum marks a description of how the actuator adjusts the flow of steam to reduce the 
error in temperature was needed. Most candidates drew the temperature time course diagrams but few included 
the equations. The advantages and disadvantages of the PI control over P control were less well known. 
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QUESTION 6 
 
During a sterile bottle filling process (from BBT to filler discharge) describe the requirements from a 
process/operational and machine perspective to ensure the following: 
  
a) Prevention of microbial contamination [12] 
b) Minimisation of oxygen pickup. [8] 
 
101 Candidates answered this question, average scores were 6.6 marks, with the highest score of 12.5 marks, and 
lowest score of 1 mark out of 20.  
 
A very mixed response to this question, with the lower scoring candidates providing very little detail, generic 
answers and no targets.  
 
The better scoring candidates provided detail and targets to support their points. The lower scoring candidates 
either only described the filling process or did not table the aspects that cause the problem with respect to each of 
the respective stages of filling. Many of the answers were very generic and were not supported by targets.  
 
The higher scoring candidates focused on the actual problems and causes of process parameters/set-up 
requirements. They supported their points with the required targets that need to be met. 
 
Part A:  

 

Services 
o Jetter water at > 80°C as a minimum. 

o CO2 cleaned with the use of a filter as close to filler as possible < 0.25 micron and filter housing 

should be steam sterilizable (CO2 purity >98%). 

o Water that has been sterile filtered to 0.2 microns or UV sterilised 

o Bottle rinser/final rinse water containing 0.2 ppm chlorine. 

Environment 
o Clean room with filtered air. 

o Filler room is positively pressurized, 40 air changes per hour to cope with air entering through 

guarding. 

o Or filler is enclosed or shrouded with HEPA (High Efficiency Particulate 

Air/Absorber/Arresting/Arrestance) filtered air. MERV 17 -20 Minimum Efficiency Reporting Value. 

o Ensure broken glass policy is set up to remove broken glass. 

o Ensure if maintenance intervention is required an external CIP is carried out.  

o CIP and hot water flush btw brands. 

o Visual reporting of micro results at filler on a set frequency. 

o Regular swab test. 

Materials 
o Beer membrane filter < 0.45 microns, possibly more than 1 in line. 

o Glass containers rinsed using Peracetic acid or chlorine dioxide in water at specific concentrations 

o Closures sterile – sprayed with Peracetic acid or UV treated 

o Sterile, deaerated chase water 

o Sterile filtered CO2 to blow down filler bowl. 

CIP/COP 
o External, remotely foamed/sprayed exterior  

o Use of sterilant at the end of CIP…all the way through the filler 

o Conveyors are cleaned and sprayed with sterilant. 

o Covered conveyors rinser to filler with built on cleaning/spaying system 

o Well-managed sampling procedures and reporting systems. 

o Hygienic design of the plant from BBT through sterile filtration and to the filler. 

Filler 
o Electro-Pneumatic valves on the filler. 

o Ensure the returnable bottle is clean by regularly checking temperature, detergent concentration 

and sprays. Check residual liquid < 2ml. 

Depalletiser 
o Sweep off type not with grippers, no contact with closure. 
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Part B: 

 

Filler design 

o Ideally use a long tube filler. Which reduces reinfection with O2 from the CO2. 

o Ideally the filler has a 3 chamber system with, counter pressure gas, product and return gas so 

that on evacuating a bottle it does not return back into a chamber with the beer is.  

BBT to Filler 

o Poor water chases between products – dilution and oxygen ingress 

o Loose connections on mains (leaking) – oxygen ingress 

o Pump leaks – oxygen ingress  

Pressurise 

o Low CO2 quality, service supply must be > 98% – oxygen ingress 

o Not enough C02 delivery – high oxygen levels in beer 

o Ring bowl quality must be > xx% 

Pre-Evacuation 

o Low evacuation pressure due to leaks (pipe/pump), too short stage timing or low water feed – high 

oxygen content in beer 

Pressurise 

o Poor CO2 quality – high oxygen levels in beer 

o Too short stage - high oxygen levels in beer 

2nd Evacuation 

o Low evacuation pressure due to leaks (pipe/pump), too short stage timing or low water feed – high 

oxygen content in beer 

o Combined evacuation (1+2) must be > 99.2% 

Filling (Slow & Fast filling) 

o Filler tube deflection rubbers damaged (non-laminar flow) – oxygen ingress 

o Filler sealing (tulip) rubbers damaged 

Jetting 

o Air in water, use De-aerated water < 20 ppb O2 – Oxygen ingress 

o Temperature too low – high oxygen levels due to poor jetting, possible micro contamination, 

overfills 

o Jetter pressure set too low – underfills, oxygen ingress 

o Distance btw jetter and crowner to short - oxygen ingress 

Crowning 

o Use of oxygen scavenging crowns which will absorb oxygen and thereby reduce headspace 

oxygen levels. 
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Diploma in Packaging 

 
Module 1: Packaging Operations I 
 
Short Answer Questions 

 

Overall the breadth of knowledge tested in the short answer questions showed a significant weakness across all 

four areas of the syllabus tested here.  Across the paper candidates knowledge on the basic formation of the 

different packaging materials was limited – especially when looking at the base materials or production of the 

packaging materials.  Other areas which could have benefited from further study were generally around the 

ancillary processes including beer cooling and transfer and materials handling throughout the production line. 

 

QUESTION 1 

 

a) Draw and label a flow diagram with brief notes to explain each of the key stages of glass bottle 

manufacturing, starting with raw material storage and concluding with a pallet of empty glass bottles. [11] 

 

b) Using a table compare and contrast the “Blow and Blow” and “Narrow Neck Press and Blow” methods 

of glass bottle manufacture. [9] 

 

• The flow diagram in part A should have allowed candidates to demonstrate all of the different elements in 

the sequence to produce a glass bottle.  This should have included raw material storage and mixing 

facilities prior to the furnace – allowing candidates to demonstrate the materials required, their expected 

proportions and also the general operation of the furnace including temperatures. 

• Once through the furnace the candidate should have covered the requirements and checks in the 

formation of the gob and its transfer into the mould, before covering the annealing and cold end treatments 

to explain how and why the different protections are required. 

• The final element of part A should have covered any on & offline testing prior to the bottles being palletised 

ready for storage or despatch to customer. 

• Part B of the question was looking for clear comparisons between the two bottle manufacturing processes 

– and not just a statement of one being the opposite of the other. 

• Areas which could have been compared should have included a process description, cost, quality, weight, 

the different age of each technology as well as the potential accuracy of the process controls. 

• Within the comparisons each element should have been detailed out – with better candidates able to 

describe how each process could also best be applied to modern day customer bottles. 

 

Further Comments 

 

Overall the answers to part A were often weak – with not all candidates providing the correct level of detail within 

their flow diagram.  Some candidates only provided a diagram of the furnace – so missing out on all of the process 

control elements which follow the later stages of production.  Part B of the question was generally answered better 

– although the structure of a number of the answers made it more difficult to extract the salient points of the 

answer. 
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QUESTION 2 

 

a) Explain the aims of pasteurisation. [4] 

 

b) Explain what determines the level of pasteurisation required? [16] 

 

• Part A of this question was looking for candidates to explain the aims of pasteurisation by reference to how 

it can prolong the shelf life of the product, how it inactivates both the micro-organisms and enzymes to 

prevent spoilage or chemical change and also how this is done without any impact on flavour. 

• In part B multiple reasons were expected – with a minimum answer including the ability to explain the 

definition of a pasteurisation unit, ideally the equation on how this can be calculated and some reference to 

the resistance to heat of the different types of micro-organisms. 

• A reference to the company standard and consumer expectations for the brand, and it’s required shelf life 

is another key consideration – as well as to the package type – with the level of pasteurisation differing 

between keg, bottle and can as well as by ABV. 

• The original microbiological stability of the beer prior to pasteurisation is also critical – as this can also help 

determine the level of PU’s required.  This can reference to both the types of micro-organisms present as 

well as their concentrations. 

• The need to keep all gases fully dissolved during pasteurisation is important – so that no gas bubbles are 

able to provide an insulating layer around the micro-organism. 

• Finally, candidates should have detailed the impact of over-pasteurisation on flavour, as well as the impact 

of under-pasteurisation on product and consumer safety. 

 

Further Comments 

Overall this question was not well answered, with candidates seemingly lacking a structure around which to base 

their answer.   

 

Very few candidates were able to build their answer to the correct level of detail, and a worrying number 

completely omitted the pasteurisation equation or its explanation.   

 

A reasonable number of candidates recognised the potential for flavour impact with over-pasteurisation, but very 

few acknowledged the impact of under-pasteurisation. 
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QUESTION 3 

 

a) A selected packaging line runs for 120 hours per week, utilising a 3 x 8 hour shift operation, rated at 

50,000 BPH on a 500ml pack, with a planned 85% machine efficiency and 4 brands with equal share to be 

packaged each week. 

 

Identify and list four key downtime aspects and duration that are required to be factored into the planned 

downtime for determining the net available hours per week for production. Include in the answer 

supporting rationale for each aspect listed. [8] 

 

b) Using the assumptions tabled in Part (a) above, explain how you would determine the net available 

hours per week for production, having factored in the key downtime aspects for the areas discussed in 

part (A) above. Provide supporting explanation where appropriate. [8] 

 

c) Using the data and aspects discussed in parts A and B above, calculate the: [4] 

 

• annual output in hL 

• weekly operational efficiency (%) 

 

• In part A of this question the examiner was looking for key contributing factors such as the number of 

weeks operation per year and line efficiencies, brand and package change-over requirements, routine 

planned cleaning and maintenance slots (weekly or annual shutdown), plant start up and shutdown timings 

as well as elements such as CIP and stock-takes. 

• Part B of the question was then looking for the candidate to explain the different impacts on the operational 

calculations by taking each element identified in part A and showing how it changed the relevant elements 

of the line performance. 

• Within this section all four of the elements in part A needed to be explained – and credit was given as long 

as the explanation provided was plausible in normal operations and justified by the candidate’s 

explanation. 

• The final section of this question (part C) required the candidate to perform two calculations using the 

information which they had detailed above. 

• The annual output could be deduced by first calculating the rated volume per hour, then multiplying it by 

the number of operational hours per week before finally multiplying this total by the number of working 

weeks per year. 

• The projected operational efficiency should have been calculated by initially multiplying the total number of 

hours (120) by the machine efficiency (85%) and then subtracting the non-productive hours (17) to give an 

operational hours total of 85 hours.  With the assumption that there is no other downtime during the week, 

then the project operational efficiency could be calculated by dividing the net available hours by the total 

paid hours. 

 

Further Comments 

 

Whilst this question was not attempted by a high number of candidates, it was generally well approached.  Most 

candidates were able to work through each of the steps and provide a good overall coverage of each section – 

although a significant number of candidates seemed to be confused by the operational efficiency calculation at the 

end of the question. 

 

 

 

 

 

 

 

 

 

 

 



48 
 

QUESTION 4 

 

a) Using a tabular format summarise the advantages and disadvantages of a double end versus a single 

end returnable bottle washer. [10] 

 

b) Describe all the factors affecting label removal in a glass bottle washer. Within the answer consider the 

full impact across the end-to-end process. [10] 

 

• For part A the easiest way to approach the question was to list all of the different aspects of a bottle 

washer and then have a simple comparison between the two types of washer listed.   

• To best cover the different aspects, it was useful to split these into cost and performance. Cost elements 

should have included elements such as initial capital requirements (including civils), operational manning, 

maintenance requirements and energy consumption. 

• On the performance side the line layout (including floor space and height utilisation,) label removal 

performance, treatment / soak time, hygiene, operational performance and bottle throughput could have all 

been included. 

• In part B it would have made sense to consider the actual operational performance and design 

methodology of the washer – including mechanical scrubbing, soaking and jetting times as well as the 

design of the bottle pockets. 

• The use of the correct detergent in terms of both its concentration and formulation, coupled with the 

temperature of the detergent and it efficiency (based on number of containers washed) can also cause a 

significant impact of the label removal. 

• Last but not least is the actual label material itself – including the type of paper, its finish and the type of 

glue used in the process – as well as the length of time and conditions it has been stored before washing. 

 

Further Comments 

A significant number of candidates scored very poorly on part A of this question – seemingly getting confused in 

their comparisons between the two machines. Part B saw some candidates give very good answers, but others 

provided single word responses which had a very limited supporting rationale to the answer. 

 

 

QUESTION 5 

 

a) When conducting a pack size changeover on a glass bottling line the primary goal is to ensure that the 

line is non-productive for as short a time as possible. 

 

Name two key activities that initially need to be focused on in order to achieve this. Briefly outline the 

respective elements covered by each activity with examples. [10] 

 

b) What are the main aspects/dimensions of the materials listed below that can lead to line changeovers 

on a multi-product line and what equipment will need changing? [10] 

➢ Bottle 

➢ Closure 

➢ Label 

➢ Pack 

➢ Pallet 

• The two key activities is making changeovers productive (as fast and accurate as possible) required a 

candidate to focus on both activities which waste time, and those which can be streamlined to be done 

more efficiently.  

• Wasteful activities could have included doing tasks during the changeover which could have been done in 

advance e.g. preparation and transport of change-parts to the machine, or modification / repairing off 

change-parts only as they are due to be used.  These are considered as wasteful as with better planning 

they could have been eliminated. 

• Activities which can be streamlined are often identified through a simple time and motion study.  Once 

completed activities can then be documented and teams trained in a standard way – even using simple 



49 
 

SMED (Single Minute Exchange of Die) techniques through things like colour coding parts, or using 

templates.  This then leads to standard times and practices being put in place for each activity to minimise 

the length of time for which the line is down. 

• Part B of the question was looking for the candidate to cover the main change elements of the bottle line, 

based on the packaging materials required.  

• Key elements here were the focus on the materials which are associated with the primary package i.e. the 

bottle, closure and label.  For the bottle there are a number of change elements all associated with the 

diameter and height of the bottle which will need adjusting on the line, including guide rails, filler set-up, 

and all associated line equipment which is material dependent on these main dimensions.  For the closure, 

recognition of the need to both adjust the machine dimensions as well as changing out the previous 

closures and filling the feed hopper with the new ones was also given credit.  For the labeller details were 

expected on either PSL reel change or label pads, brushes and glue checks. 

• Finally details should also have been given for the changes required on the secondary packaging 

equipment changes (for either returnable or non-returnable formats) and the impact that these would 

require in terms of palletisation formations. 

 

Further Comments 

 

A significant number of candidates struggled with part A of the question – often providing limited answers or 

multiple examples of the same type of downtime, without clearly explaining the grouping. However, much better 

knowledge was demonstrated in part B of the question with some well detailed answers on the primary materials, 

with the better candidates also covering the scope of the secondary materials. 
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QUESTION 6 

 

a) Explain how the target level of carbon dioxide in product is achieved and controlled as beer moves from 

the maturation stage to bright beer tank. Illustrate with diagrams as appropriate. [10] 

 

b) The diagram below shows a short tube double pre-evacuation bottle filler highlighting the stages of 

filling and crowning. 

 

For each of the stages listed below, explain the effect on the quality of the finished product if the process 

parameter(s) are incorrectly set or if there are deviations in the operation of the stage. 

 

• 2nd Bottle evacuation 

• Pressurisation with CO2 

• Fast filling 

• Jetting 

• Crowning 

 

• Part A of this question was looking for the candidate to describe the control mechanisms of temperature, 

pressure and gas dispersion.  In order to maintain the relevant CO2 level in solution, the beer should be 

kept cold (between -1oC and 0oC) through the use of a heat exchanger.  The pressure should be kept high 

(15 to 25psi or 1 to 2.5 bar) and the gas must be dispersed in a series of small bubbles using equipment 

such as a venture, sintered diffusers or nozzles. 

• Candidates should have also noted the different checks required to validate the CO2 levels during the 

process via either inline or offline methods, giving examples of which type of checks work best for each of 

the differing tests. 

• For the final marks in this section, details of the location of the injection and control points would also have 

been expected, along with the rationale behind these locations. 

• In part B of the question the candidate was provided with the five line different filling stages, and so was 

required to identify the potential issues to the finished product if these were not undertaken with the correct 

controls in place. 

• Looking initially at the three parameters linked to the filler.  Lack of control in the second evacuation stage 

leads to the ingress of oxygen which in turn will lead to the staling of the product.  Issues with low CO2 

pressurisation will also lead to increased oxygen levels in the filling process, again leading to DO pick up 

and eventually product staling.  However, if the CO2 pressurisation is too high, then issues with bottle 

bursting are likely to occur.  Finally issues with fast filling will lead to a lack of control in the fill levels of the 

product – usually resulting in a high proportion of underfills and increased wastage. 

• Poor jetter control can lead to underfilled bottles as well as possible microbiological contamination if the 

water used is not sterile.  Similarly if the water has not been suitable deaerated, then oxygen ingress is 

also possible – again leading to increased DO levels in the product and staling.  At the crowner loose 

crowns can lead to both product and gas leakage – giving underfills or flat product in trade.  Over pressure 

at the crowner can lead to bottle damage at the bottle neck causing chipping and potential customer harm 

complaints. 

 

Further Comments 

Overall there was a mixed response to part A of this question with very few candidates being able to correctly 

identify and quantify the different changeover activities.  Only a limited number of candidates were able to explain 

the activities in the way the examiners were expecting, and so marks were allocated based on the structure of the 

candidates answer and logic.  In part B, the better candidates were able to clearly explain the risks and 

consequences of all five areas.  However, in weaker answers very limited single word answers were provided. 
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Module 2: Packaging Operations II (Beer) 
 
Short Answer Questions  
 
Overall the breadth of knowledge tested in the short answer questions showed that most candidates had a 
reasonable knowledge on the core packaging topics.  In general questions which remained unanswered or were 
incorrectly answered by the candidates tended to be on either the brewing calculations or on the financial 
definitions.  This tends to demonstrate that candidates are perhaps not allowing enough focus on the broader 
areas of the business. 
 
Long Answer Questions 
 
QUESTION 1 
 
Describe six key fermentation parameters and how each of these are controlled to ensure a consistent 
flavour is maintained. [20] 
 

• For each of the six fermentation parameters, marks were awarded for correctly identifying the parameter, 

along with a clear supporting explanation as well as the details on the control mechanism which could be 

used.  Additional marks were awarded if the candidate was also able to explain the impact of the flavour / 

aroma on the final product. 

• Parameters selected for explanation could also be grouped by type – with multiple elements possible from 

each of the topics listed below. 

• Yeast – the selection of yeast (viability, vitality, strain, generation) and the associated pitching rate all have 

an impact on the fermentation profile of the brew, as well as the impact on diacetyl or ester formation. 

• The level of dissolved oxygen in the wort (under or over aeration) will lead to either atypical flavour profiles 

or lower ester levels respectively. 

• Temperature related parameters – such as wort temperature at time of pitch, rate of temperature increase, 

control of top heat and end of fermentation cooling – could also have been used to demonstrate the 

different impacts on the volatiles, flavours and yeast health for future brews. 

• Control of the time of fermentation and managing the timely removal of the yeast could also have been 

considered alongside the potential for these to cause sulphuric aromas or VDK issues. 

 

Further Comments 
 
As this was a mandatory question it had the widest number of attempts by the candidates – although it was clear 
that for a number of candidates this was their weakest answer.  The majority of candidates could list a few 
parameters, but very few were able to provide comprehensive descriptions on more than a couple of parameters 
and details of the impact on final flavour or aroma were often lacking. 
 
 
QUESTION 2 
 
a) Name two types of tamper evident closures used on a keg after filling is complete and why these are 
used. Explain how each of these is applied on the keg line and how they demonstrate the product safety 
required to the end customer. [8] 
 
b) List the essential details that must be provided on a filled keg in order to provide the end customer with 
product traceability. [3] 
 
c) Provide brief notes on three ways of providing keg traceability information, including the advantages 
and disadvantages of each. [9] 
 

• In part A the use of a rip-band plastic disc cap is the simplest solution as it can be applied either manually 

or with a capping machine.  The alternate solution of a heat shrink closure is more expensive to apply and 

is generally only used on fully automated lines. 

• In both cases these should be applied post filling and after the sterilisation of the neck of the spear to 

ensure the best hygiene prior to transport to customer. 

• Tamper evident closures are used to guarantee the product integrity to the customer, as once removed 

they cannot be re-fitted – showing that the keg is being delivered for its first point of use only. 
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• The details expected in part B should have included the product name, identifying date (BBD or BO), 

production line location and the company. 

• In part C, traceability can be provided by either a label, an online coding solution (barcode or text) or a 

transponder. 

• For the advantages and disadvantages, elements which should have been considered were cost, online or 

offline solution, ease of removal or reset, use of technology by the customer and the visibility of the 

information. 

Further Comments 
  
Overall candidates who answered this question scored reasonably well – with clear explanations and descriptions 
of the solutions.  Some candidates provided limited solutions to part C – often only being able to provide a limited 
description of the comparison between the different solutions available. 
 
 
QUESTION 3 
 
a) Describe the underlying principles that determine the efficiency of detergent and sterilant action on a 
selected packaging line. [10] 
 
b) Outline five key types of cleaning and sterilising materials for use on a can filling machine. Do not use 
supplier brand names. [5] 
 
c) For a tunnel pasteuriser, list the most likely reasons for dirty and blocked water spray systems, tanks 
and piping and measures you would implement to remedy this. [5] 
 

• For part A, candidates should have initially covered time, temperature, chemical and mechanical action as 

the key factors for effective cleaning. 

• To follow on from this, details of a good detergent could have included its solubility, cleaning & wetting 

powers, corrosive properties, pollution risk and safety impacts. 

• Similarly for a sterilant, the details could have included effectiveness on a wide spectrum of micro-

organisms with little or no effect on beer quality, as well as the safety requirements for use. 

• For part B,  the examiners were looking for a selection of five chemicals from which could have been 

selected from any of the following - formulated, acidic or caustic detergents, their linkages with wetting 

agents and also any types of sterilants.  These should each have been coupled with an example of where 

these are used on the plant. 

• For part C, elements which cause blockages to the pasteuriser sprays should have included slime, 

limescale, glass and poor hygiene practices 

• Corrective actions for this should have included details of housekeeping regimes, chemical treatments, 

dosing checks and test procedures. 

Further Comments 
 
Overall this question was not well answered by the majority – with a number of candidates providing very limited 
details on all three parts of the question.  Part B was very poorly answered with answers often being restricted to a 
short list of types of chemicals and limited knowledge of where these are used.  The final section gave a number of 
candidates the chance to pick up marks – but again the level of details provided on the impact and corrective 
action were not always well linked and explained. 
 
 
QUESTION 4 
 
a) Explain the principal stages in the purchasing cycle. [13] 
 
b) What are the advantages and disadvantages of e-commerce purchasing or e-sourcing over traditional 
purchasing operations? [7] 
 

• The first part of the question was looking for the key steps in the purchasing cycle.   

• The initial part of the cycle should have been based around the actions taken to obtain quotations, to 

assess these against the specifications requested and then negotiate to put in place the final contract 

which fulfilled the identified purchasing requirement. 
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• The second part of the cycle then needed to identify how the order could be placed and the details 

surrounding the goods delivery and their subsequent receipt. 

• The final part of the cycle should have detailed the invoicing and payment process as well as any 

efficiencies which could be expected at this stage. 

• In part B two elements of e-sourcing were expected – the ability to optimise the sourcing process using an 

online solution during the requests for information / quotation / price, as well as details around the use of e-

auctions. 

• For the lists of advantages of e-sourcing consideration could have been given to speed, accuracy of data 

transfer, additional competition and use of a wider supplier base, against the disadvantages of system 

costs, training implications and potential wi-fi coverage in some geographic areas. 

Further Comments 
 
A number of candidates answered the first part of this section well – although most answered were very related to 
the learning materials, and did not demonstrate actual working knowledge of the purchasing process.  These gaps 
became more evident with the second part of the question, where only a few candidates were actually able to 
provide a clear explanation of the advantages / disadvantages for the use of e-sourcing. 
 
 
QUESTION 5 
 
a) “A water supply that meets all quality requirements (without further treatment) for brewing is rare.” 
Discuss this statement, giving evidence in support. [10] 
 
b) Using a table identify five areas of use for process water on a bottling line. Explain the reasons for use 
and the type of treatment / application criteria for each area selected. [10] 
 

• For part A of this question, it was expected that candidates would agree that water treatment was 

necessary in the vast majority of times. 

• Quality requirements of the supply – colour, flavour taint and microbiological content should have been 

identified by candidates along with the levels of salts, metals and mineral contents of the water. 

• Treatments for each of these different elements could have included sand / carbon filtration, reverse 

osmosis, u-v light treatment, sterilisation and different water treatments throughout the brewing process. 

• For part B of the question there were a number of areas on the bottling line where process water is used – 

bottle washer, bottle rinser, jetter, crowner rinse, pasteuriser as well as the surrounding walls and floors of 

the process area.  

• For the five areas selected, candidates should have been able to give a clear explanation of what the 

process water was being used for. 

• The treatment required on the process water then should have included the treatment regime, expected 

quality parameters, as well as any time or temperature parameters and quality / housekeeping 

requirements to validate the treatment efficacy. 

 

Further Comments 
 
For this question candidates often made a reasonable attempt at part A – with many good answers demonstrating 
knowledge of water sources. The different skills of candidates were demonstrated by the ability to clearly explain 
the different treatment regimes that would be required to make the water “usable.”  Unfortunately the answers to 
Part B of this question were of a much more varied quality – often with a very rushed table which did not cover the 
required level of details of the water source, treatment and validation. 
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QUESTION 6  
 
a) Using a matrix format shown below prepare a table to show which utilities are required on each of the 
physical processes which make up a fully automated rotary keg line. [10] 
 
b) For the two utilities which feature most prominently in the table, describe best practices for minimising 
their consumption. [10] 
 

• In part A, the table should have consisted of two different sets of information.  The first information set 

should have covered all of the different machines on the rotary keg line – including the process equipment 

required for the line operation.  

• The second set of information should have then covered the different utilities required to operate the line – 

including gases (CO2/N2), steam, water, compressed air, electricity, water (hot & cold), glycol (or alternate 

coolant) and relevant CIP chemicals. 

• For the table, marks were then awarded for the correct connection between the process equipment and 

the utilities. 

• Identifying 2 of the main utilities usages as electricity, water or steam should have then allowed the 

candidates to describe how to minimise their consumption. 

• Critical for part B was that the candidates looked at the methods of saving energy and how to identify any 

areas of loss / leakage as well as how technology could be used to improve things e.g. soft starts of 

conveyors, auto-shutdown / sleep modes. 

• In addition to the standard factors available, candidates could also include recovery systems as well as the 

monitoring / usage of the utility and how these records could then be used to contribute to a utilities 

improvement plan. 

 

Further Comments 
 
In general candidates managed to provide a good table with most of both the process areas and different utilities 
identified correctly.  Some tables were less comprehensive, usually where candidates only identified the main 
machines on the line and disregarded the ancilliary equipment, or where only a limited number of utilities were 
considered.  However, part B of the question was often answered with much weaker information – usually with only 
low energy solutions (such as lighting) being considered. 
 
 
 
 

 
 
 
 

 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 



55 
 

Module 2: Packaging Operations II (Soft Drinks) 
 
Short Answer Questions 
 
Overall the breadth of knowledge tested in the short answer questions showed that most candidates had a 
reasonable knowledge on the core packaging topics.  In general questions which remained unanswered or were 
incorrectly answered by the candidates tended to be on either the soft drink microbiology questions or on the 
financial definitions. This tends to demonstrate that candidates are perhaps not allowing enough focus on the 
broader areas of the business. 
 
QUESTION 1 
 
a) Draw a flow diagram of the rinsing, filling and closing/sealing processes of a counter-pressure filler for 
the manufacture of a carbonated soft drink. Highlight the areas where samples would be taken for quality 
checks to be carried out. [4] 
 
b) Using a table, list four of the key quality checks indicated on the diagram in a), the frequency of each 
check, a brief outline of the methodology/analysis used, and the measures or key performance indicators 
used to monitor product quality against specification. [10] 
 
c) Calibration must be carried out as part of a HACCP programme in this area of a packaging line. Give two 
examples of these activities, outlining how often the tests are carried out and why they are important. [6] 
 

• The flow diagram in part A should have simply contained the key process areas for rinsing, counter-

pressuring, filling and sealing a soft drink bottle.  These should have been represented as a set of blocks 

with connecting lines between each process step. 

• Assuming that the diagram was well constructed the addition of the sample points for Brix, carbonation 

levels, fill level and cap torque should have been easy to add in at the different points in the flow diagram. 

• In part B, the table containing the four key quality checks should have been constructed to clearly show the 

frequency of each check, a brief methodology and the method of measuring the parameter.  Again a 

clearly constructed table would have helped candidates with the provision of the information in a simple 

and short format. 

• Additional credit was given in part B if candidates were able to also reflect the details of the specifications 

which they were checking against at each step of the process. 

• For part C, candidates could have explained the test requirements and frequency for a variety of elements 

including pressure gauges, weighers, brix meters or refractometers. 

• The consequences of failing to carry out such due diligence and calibrations means there is an increased 

risk of producing product which is out of specification on one of the related parameters.  

Further Comments  
 
Whilst part A of this question was generally well answered, the quality of the answers to parts B and C were very 
variable – which, as this was a mandatory question, did impact the overall scores for this question.  A number of 
candidates failed to use a table on part B of the question – and therefore ended up providing much longer answers, 
probably impacting on them having time available to answer other questions.  Part C of the question was very 
poorly answered with HACCP and calibration awareness very limited, leading to very restricted answers to 
questions. 
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QUESTION 2  
 
a) Name two types of tamper evident closures used on a keg after filling is complete and why these are 
used. Explain how each of these is applied on the keg line and how they demonstrate the product safety 
required to the end customer. [8] 
 
b) List the essential details that must be provided on a filled keg in order to provide the end customer with 
product traceability. [3] 
 
c) Provide brief notes on three ways of providing keg traceability information, including the advantages 
and disadvantages of each. [9] 
 

• In part A the use of a rip-band plastic disc cap is the simplest solution as it can be applied either manually 

or with a capping machine.  The alternate solution of a heat shrink closure is more expensive to apply and 

is generally only used on fully automated lines. 

• In both cases these should be applied post filling and after the sterilisation of the neck of the spear to 

ensure the best hygiene prior to transport to customer. 

• Tamper evident closures are used to guarantee the product integrity to the customer, as once removed 

they cannot be re-fitted – showing that the keg is being delivered for its first point of use only. 

• The details expected in part B should have included the product name, identifying date (BBD or BO), 

production line location and the company. 

• In part C, traceability can be provided by either a label, an online coding solution (barcode or text) or a 

transponder. 

• For the advantages and disadvantages, elements which should have been considered were cost, online or 

offline solution, ease of removal or reset, use of technology by the customer and the visibility of the 

information. 

 

Further Comments  
 
Overall candidates who answered this question scored reasonably well – with clear explanations and descriptions 
of the solutions.  Some candidates provided limited solutions to part C – often only being able to provide a limited 
description of the comparison between the different solutions available. 
 
 
QUESTION 3 
 
a) Describe the underlying principles that determine the efficiency of detergent and sterilant action on a 
selected packaging line. [10] 
 
b) Outline five key types of cleaning and sterilising materials for use on a can filling machine. Do not use 
supplier brand names. [5] 
 
c) For a tunnel pasteuriser, list the most likely reasons for dirty and blocked water spray systems, tanks 
and piping and measures you would implement to remedy. [5] 
 

• For part A, candidates should have initially covered time, temperature, chemical and mechanical action as 

the key factors for effective cleaning. 

• To follow on from this, details of a good detergent could have included its solubility, cleaning & wetting 

powers, corrosive properties, pollution risk and safety impacts. 

• Similarly for a sterilant, the details could have included effectiveness on a wide spectrum of micro-

organisms with little or no effect on beer quality, as well as the safety requirements for use. 

• For part B,  the examiners were looking for a selection of five chemicals from which could have been 

selected from any of the following - formulated, acidic or caustic detergents, their linkages with wetting 

agents and also any types of sterilants.  These should each have been coupled with an example of where 

these are used on the plant. 

• For part C, elements which cause blockages to the pasteuriser sprays should have included slime, 

limescale, glass and poor hygiene practices 

• Corrective actions for this should have included details of housekeeping regimes, chemical treatments, 

dosing checks and test procedures. 
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Further Comments 
 
Overall this question was not well answered by the majority – with a number of candidates providing very limited 
details on all three parts of the question.  Part B was very poorly answered with answers often being restricted to a 
short list of types of chemicals and limited knowledge of where these are used.  The final section gave a number of 
candidates the chance to pick up marks – but again the level of details provided on the impact and corrective 
action were not always well linked and explained. 
 
 
QUESTION 4 
 
a) Explain the principal stages in the purchasing cycle. [13] 
 
b) What are the advantages and disadvantages of e-commerce purchasing or e-sourcing over traditional 
purchasing operations? [7] 
 

• The first part of the question was looking for the key steps in the purchasing cycle.   

• The initial part of the cycle should have been based around the actions taken to obtain quotations, to 

assess these against the specifications requested and then negotiate to put in place the final contract 

which fulfilled the identified purchasing requirement. 

• The second part of the cycle then needed to identify how the order could be placed and the details 

surrounding the goods delivery and their subsequent receipt. 

• The final part of the cycle should have detailed the invoicing and payment process as well as any 

efficiencies which could be expected at this stage. 

• In part B two elements of e-sourcing were expected – the ability to optimise the sourcing process using an 

online solution during the requests for information / quotation / price, as well as details around the use of e-

auctions. 

• For the lists of advantages of e-sourcing consideration could have been given to speed, accuracy of data 

transfer, additional competition and use of a wider supplier base, against the disadvantages of system 

costs, training implications and potential wi-fi coverage in some geographic areas. 

 

Further Comments 
 
A number of candidates answered the first part of this section well – although most answered were very related to 
the learning materials, and did not demonstrate actual working knowledge of the purchasing process.  These gaps 
became more evident with the second part of the question, where only a few candidates were actually able to 
provide a clear explanation of the advantages / disadvantages for the use of e-sourcing. 
 
 
QUESTION 5 
 
a) Using a table, identify and explain the key quality and process checks that must be undertaken on the 
inbound pallets of glass to ensure that the non-returnable glass bottles are fit for purpose prior to filling 
with carbonated soft drinks. [10] 
 
b) Using a table, identify and explain the key procedures, process checks and documentation that should 
be available for verification at the glass supplier to confirm the suitability for use of the glass container on 
a non-returnable soft drink bottling line. [10] 
 

• Part A of this question was looking for candidates to demonstrate their understanding of the inbound glass 

/ warehouse controls required to ensure bottle integrity prior to the filling process. 

• For the quality and process checks these could be split into two key areas.  The checks to validate the 

bottle design should have included container dimensions (linked to legislative filling volumes), brand 

validations (for colour and embossing / design,) bottle integrity (strength, burst pressure, stippling and 

coating) as well as container integrity (glass inclusions and bottle defects). 

• In addition, checks for the cleanliness and microbiological integrity of the bottle should also be carried out 

prior to filling. 

• For part B the supplier checks can also be split into three main areas.  Firstly the key pre-despatch checks 

which are based around load integrity – such as pallet stability, number of containers per pallet, batch 

identification and load stability. 
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• Secondly, the supplier should have a full set of operational process control sheets covering all of the 

checks which have been undertaken for validating the bottle integrity, specification and legal checks during 

the bottle production. 

• The final element should be the quality assurance documentation for each batch, which allows for full 

traceability of the bottle through its manufacturing process.  

 

Further Comments 
 
Overall this question was not well answered.  Some candidates managed a reasonable attempt at part A, but then 
the answers provided for the Supplier checks were often weak and lacking details of the checks.  During the 
preparation for the packaging exam, it is helpful if candidates are able to visit a packaging material supplier – as 
whilst the quality checks will always be specific to the materials, the quality assurance process often holds many 
common areas which candidates can learn from. 
 
 
QUESTION 6  
 
a) Using a matrix format shown below prepare a table to show which utilities are required on each of the 
physical processes which make up a fully automated rotary keg line. [10] 
 
b) For the two utilities which feature most prominently in the table, describe best practices for minimising 
their consumption. [10] 
 

• In part A, the table should have consisted of two different sets of information.  The first information set 

should have covered all of the different machines on the rotary keg line – including the process equipment 

required for the line operation.  

• The second set of information should have then covered the different utilities required to operate the line – 

including gases (CO2/N2), steam, water, compressed air, electricity, water (hot & cold), glycol (or alternate 

coolant) and relevant CIP chemicals. 

• For the table, marks were then awarded for the correct connection between the process equipment and 

the utilities. 

• Identifying 2 of the main utilities usages as electricity, water or steam should have then allowed the 

candidates to describe how to minimise their consumption. 

• Critical for part B was that the candidates looked at the methods of saving energy and how to identify any 

areas of loss / leakage as well as how technology could be used to improve things e.g. soft starts of 

conveyors, auto-shutdown / sleep modes. 

• In addition to the standard factors available, candidates could also include recovery systems as well as the 

monitoring / usage of the utility and how these records could then be used to contribute to a utilities 

improvement plan. 

 
Further Comments 
 
In general candidates managed to provide a good table with most of both the process areas and different utilities 
identified correctly.  Some tables were less comprehensive, usually where candidates only identified the main 
machines on the line and disregarded the ancillary equipment, or where only a limited number of utilities were 
considered.  However, part B of the question was often answered with much weaker information – usually with only 
low energy solutions (such as lighting) being considered. 
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Module 3: Packaging Technology 
 
Short Answer Questions 
 
There was mixed performance on the short answer questions for Module 3. As the Examiners have noted in the 
past, in quite a number of instances the candidates have failed to properly read, understand and answer the 
question at hand. Thus, in some cases the candidates present answers to questions that are not actually being 
asked in the exam. For example, when asked to give examples of fluids in the brewery or packaging hall that are 
non-Newtonian it makes no sense to answer with ketchup, toothpaste, synovial fluid. These may be non-
Newtonian fluids but they are certainly not found in a brewery. Proper examples in this case might be starch 
slurries, yeast slurries, concentrated effluent. Another example involved potential losses in a pump that would 
affect power consumption. Simply stating “pump efficiency” was incorrect since the question was in fact probing the 
candidate’s understanding of where pump (in)efficiencies came from. 
 
Long Answer Questions 
 
QUESTION 1 
 
a) Explain the measures which are available for assessing the effectiveness of plant maintenance. [10] 
 
b) Discuss the constraints and competing demands which may affect maintenance activities. [10] 
 
For part a) the availability aspect of Overall Equipment Effectiveness (OEE) is important. This is made up of  
         Availability, performance, quality (all 3 important re maintenance) 
          Avail % = Act uptime / sch runtime x 100 
          Perf %  = Units prod / act runtime / design capability x100 
The amount of quality failures may be symptomatic of maintenance issues. Measures to be included were : 
Meantime between failure 
Meantime to repair 
PM backlog 
Compliance to planned hours (schedule) 
Spares stock-outs 
% of PM / Predictive work 
% of corrective maintenance 1 or 2 
% of technician workday on “tools” 
Proactive Work Capacity index (PWCi) 
          = Schedule Compliance x Schedule Load x Tool time 
          PWCi (World Class) = 0.9 x 0.9 x 0.65 = 0.53 
Autonomous Maintenance hours worked 
 
It is important that candidates explain measures with a cost emphasis e.g: 
          Maintenance cost / unit output 
          Cost as % replacement value 
 
For part b) the constraints are : 
 
Time: 
         Loss of scheduled maintenance time for production 
         Slots for extended maintenance work 
         Pressure to fix breakdowns temporarily rather than permanently 
         Unsocial hours for maintenance 
         Regulatory deadlines (e.g. pressure system inspections) 
Cost: 
         Labour costs – number of technicians 
         Specialist contractors 
         Spares stockholding 
         Affordability / scope of shutdown work 
Skills: 
         Own staff skills 
         Specialist skills 
Access: 
         Plant availability – lines 
         Plant availability – shared services / utilities 
Other: 
         Competing priorities where maintenance resources shared 
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         Working with inherently unreliable plant – de-motivating! 
         Agreeing which maintenance activities are appropriate 
         Measuring effectiveness      
         Motivation of staff 
 
 
QUESTION 2 
 
a) Discuss the different states of flow, including Reynolds number ranges, that are possible when fluids 
move through a pipe. Include in the discussion examples of where a specific flow regime is desired and 
explain why. [8] 
 
b) Water flows through a tubular heat exchanger with a 35 mm inner diameter tube at a flowrate of 100 L 
min-1. Calculate the Reynolds number for the fluid assuming it is at 70°C and so has a density of 977 kg m-
3 and viscosity of 0.0004 Pa s. Identify the state of flow and discuss why the particular state of flow is 
desired for this application. [6] 
 
c) Discuss how the state of flow affects the average fluid velocity relative to the maximum fluid velocity. 
Include a diagram in your discussion. Compute the mean and maximum velocities for water in the tube 
described in this problem. [6] 
 
This was a popular question with 29 of 31 candidates attempting this question with 24 passing with an average 
score of 15 marks. Cleary, fluid behaviour in a brewery was well-studied and well-answered well by the candidates. 
The first part asked candidates to describe various states of flow of fluids moving in a pipe. Most answered this 
part correctly with laminar flow having NRE<2100, transitional being between 2100< NRE <4000 and turbulent 
being NRE >4000. Examples of various types of flow were satisfactorily answered in most cases, although a 
simple statement that turbulent flow offered mixing was insufficient for full marks. The examiner was seeking more 
detailed examples such as CIP, heat exchange, gas infusion, blending. Those that failed to discuss transitional 
flow were not penalized as this type of flow is somewhat rare and the most common example would be mixed gas 
draught dispense.  
 
The second part of the question asked candidates to carry out a Reynolds Number calculation however the fluid 
flow was stated in volumetric flow not fluid velocity. Some candidates struggled to correctly calculate the linear 
velocity as 1.73 m/s. Those that failed to see this distinction or correctly calculate fluid velocity were penalized but 
not to a significant extent. The candidates are encouraged to also include units in their calculations as this should 
help them avoid these pitfalls. Minor calculation errors were not penalized heavily. However, incorrect justification 
of laminar flow conditions in heat exchanger did not achieve correct marks as it is clearly not desired to have low 
Reynolds number flow in a heat exchanger. The last part of the question sought comparisons of flow profiles and 
mean vs max fluid velocity in laminar and turbulent conditions. Many candidates correctly displayed their 
knowledge in this area. But, many failed to carry out the calculations to demonstrate that in the conditions 
described in the problem the maximum fluid velocity would be 2.2 m/s, which is approximately 1.22-1.25 times 
greater than the average velocity. 
 
 
QUESTION 3 
 
a) Describe, with the aid of diagrams, the principle of operation of a double seat mix-proof valve. On the 
diagrams clearly indicate the flow of liquid through the valve in its different operating positions for product 
and CIP flow. List three advantages and identify one risk associated with their use. [10] 
 
b) Describe using diagrams the design features and principal of operation of the following valves: 

• Ball Valve 

• Needle Valve 

• Gate Valve 

• Butterfly Valve 
Give an example of an application for each valve and provide a reason for using it in the chosen 
application. [10] 
 
For part a) 
 
Diagrams showing the valves activated and deactivated with seat positions and flows clearly shown, expect to see 
leak zones clearly indicated for production and how they are cleaned Description should cover how valve operates 
including position feedbacks. An excellent answer will include a simple valve matrix to indicate their functionality. 
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Advantages 
• Allow 2 products to flow without the risk of cross contamination, requires 2 points of failure for mixing to occur 
• Allow forward feed tanks changeover automatically as they empty when preselected without the need for an 
operator to change pipework etc. 
• Allows for multiple tanks and filling lines to be safely connected 
• Safety – reduced requirement for operators to open lines reducing the risk of injury from contact with corrosive 
and or high temp liquids 
• Quality pipes minimise micro and DO pickup 
 
Risks 
• Lack of maintenance knowledge can result in incorrect set-up and removal of the leak zone reducing the valve to 
a single point of failure 
• Lack of understanding from operators can result in valve faults being masked to allow selections to be made that 
could lead to injury or contamination due to valves being in the incorrect positions 
• Poor maintenance access when these valves are installed in a matrix, which is how they are frequently set-up. 
 
For part b) 
 
A Ball valve is a quarter-turn rotational motion valve that uses a ball-shaped disk to stop or start flow. If the valve is 
opened, the ball rotates to a point where the hole through the ball is in line with the valve body inlet and outlet. If 
the valve is closed, the ball is rotated so that the hole is perpendicular to the flow openings of the valve body and 
the flow is stopped.   
 
Needle valves have a long-tapered needle like point or plunger at the end of the valve stem. The plunger fits 
perfectly into the valve seat to allow for very accurate and precise control of liquids  / gases.   
 
Gate valves are primarily designed to start or stop flow, and when a straight-line flow of fluid and minimum flow 
restriction is needed. In service, these valves generally are either fully open or fully closed. The disk of a gate valve 
is completely removed when the valve is fully open; the disk is fully drawn up into the valve Bonnet. This leaves an 
opening for flow through the valve at the same inside diameter as the pipe system in which the valve is installed. A 
gate valve can be used for a wide range of liquids and provides a tight seal when closed.   
 
Butterfly valve, for on/off flow control in large diameter pipes. A butterfly valve is a quarter-turn rotational motion 
valve, that is used to stop, regulate, and start flow. Butterfly valves are easy and fast to open. A 90° rotation of the 
handle provides a complete closure or opening of the valve. 
 
 
QUESTION 4 
 
a) Dry saturated steam at a pressure of 475 k Pa flows at a rate of 0.1 kg s-1 through a 60 m length of 
insulated pipe, whose outside diameter, is 110 mm. 
Calculate: 
(i) The heat loss to the surroundings if the ambient temperature is 20°C. 
 
(ii) The dryness fraction of the steam as it leaves the pipe. 
 
Data 
The temperature of dry saturated steam at 475 k Pa is 150°C and its latent heat of condensation is 2114 kJ 
kg-1. 
The overall heat transfer coefficient for the lagged pipe, including the outside surface film heat transfer 
coefficient, is 1.0 W m-2 K-1. [8] 
 
b) Discuss why steam becomes “wet”. Describe the range of effects using wet steam has on operational 
performance of the brewery or packaging hall and the potential long-term negative consequences on 
equipment. [8] 
 
c) What measures can be taken to ensure that steam is dry and saturated at the point of use? [4] 
 
 
Twenty-one of 31 candidates attempted this question and 12 passed with an average score of 13.4 marks. Heat 
loss in this scenario is described as q = UA T where the area term is the surface area of the pipe and not its 
cross-sectional area. Furthermore, the T is not a log mean T but rather the temperature difference between the 
inside of the pipe and is external surroundings. The amount of heat being transferred as the steam moves through 
the pipe is simply the product of the mass flowrate of the steam and its latent heat of vaporization. Heat losses 
occur because of the large temperature difference between the pipe and its environment and this causes some of 
the steam to condense and thus become wet. Only a small amount of steam condenses in this problem resulting in 
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a dryness fraction of 98.7%. Most candidates were able to come up with at least two issues with wet steam such 
as reduced heating efficiency and water hammer. Better answers included brief discussion of corrosion, scale build 
up, and damage to fittings. 
 
 
QUESTION 5 
 
a) Draw and label a diagram of a full recovery hot cleaning in place (CIP) system. Include in the diagram 3 
tanks, pumps, valves, caustic dosing system and instrumentation. Identify the key parameters to be 
controlled, clearly showing the feedback loops on the diagram. [6] 
 
b) For the above system the temperature of the caustic tank is to be automatically controlled to a 
temperature of 75°C by using a feedback loop to modulate the flow of steam into a tubular heat exchanger 
via a steam control valve. 
 
i) Draw a block diagram of the main components of the system, including the feedback loop, and describe 
the function of each component. 
 
ii) The temperature of the caustic tank must be maintained when caustic is called for in a CIP programme. 
Draw a simple temperature - time course diagram to show the likely effect of the disturbance on the 
controlled variable of caustic temperature if: 
• proportional control (P) only is employed. 
• proportional and integral control (PI) only control is employed and identify a key advantage and a key 
disadvantage of this control strategy compared to P control. 
• What is the advantage of employing correctly tuned PID control over PI? [14] 
 
Nineteen of 31 candidates attempted this question and only 9 passed with an average score of 13 marks. In 
general, candidates did not display a full understanding of the CIP system in question. Full recovery systems were 
generally not well diagrammed. Discussion of level, temperature and conductivity control helped, but diagrams 
often did not show these sensors nor details such as location. Many candidates failed to include a block diagram of 
a control loop despite it being the lead-in for part b in the question. Understanding of P, PI and PID was reasonably 
well answered but the benefits of each were confused in some cases. For instance, integral control is used to 
eliminate offset, not derivative control. 
 
 
QUESTION 6 
 
a) Explain the advantages and disadvantages of using stainless steel for structural steelwork (e.g. 
platforms, stairs, walkways etc). [10] 
 
b) Discuss the issues which can arise when using flexible sealing materials (e.g. nitrile rubber) in 
applications containing product or service fluids and appropriate measures to prevent problems arising. 
[10] 

 
For part a) 
Advantages:  
Appearance 
More easily cleaned and monitored for cleanliness 
Largely maintenance free – minimal corrosion issues 
Resistance to chemical attack. 
Potential corrosion of mild steel if not properly coated/painted, thus the need for ongoing maintenance if not using 
stainless steel. 
 
Disadvantages: 
Cost 
Often more difficult to weld and finish - technical plus enhanced skills 
It is more liable to stress corrosion 
 
Examiner would like to see reference to Life Cycle Costing. 
 
For part b) 
Mechanical problems 
Loss of containment of product / process gas / air ingress due to mechanical failure: 
Incorrect fitting of seal(s) - visual / gauge checks 
Under-compression of seal due to incorrect tightening - measurement 
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Over-compression of seal due to incorrect tightening - measurement 
Loss of containment due to hydraulic shock: 
Seal(s) subjected to massive pressure e.g. due to incorrect or sudden closing of downstream valve - system 
design and operator training 
Need to have the proper specification of operating parameters in terms of temperature, pressure, chemical 
resistance, abrasion. 
 
Flavour taints 
Taints imparted into product / process gases etc: 
Under-cured, incorrectly manufactured seal(s) - looking for quality assurance checks during and after manufacture, 
maybe lab checks at place of use 
Incorrect application or use of adhesive (fairly unusual these days) - QA / QC checks during application, lab checks 
afterwards 
 
Certification of food safe, FDA approved. 
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Diploma in Distilling 

 
Module 1 – Materials, Wort and Fermentation 
 
Short Answer Questions 

 

• Similar to last year there is a lack of understanding of water sensitivity.  

• Similar to last year candidates don’t know the basic parts of a corn kernel.  

• Questions regarding molasses though straightforward were answered incorrectly. 

• Question  regarding ester formation was answered incorrectly. 

 

Further Comments 

Many candidates seemed to be incredibly focused on whisky specifically scotch whisky. (Things such as molasses, 

corn, wheat, and so on proved to be the most difficult.) Candidates must ensure they cover the whole syllabus. 

 
 
QUESTION 1 
 
a) With the aid of a diagram show the equipment required to receive, transfer, store and process a malted 
grain from intake up to the mash vessel. [6] 
 
b) For each stage explain the design of the equipment and the operational conditions required to ensure 
optimum operating performance. [14] 
 

• Cover intake through entry into mash mixer; intake, mill, hopper, silos, mixer and transfer equipment. In the 

correct sequence. 

• Include dust removal, scale, magnet, mill options, materials of construction, destoner 

• Required inclusion of safety features such as belt slippage , power trip and dust suppression 

• Explain design and selection criteria for the above 

• Explain operational conditions and sizing of equipment 

• Describe optimum operating conditions 

Further Comments 
  
This question was answered by the majority of candidates. In general part “a” was answered well with most 
candidates having the basic equipment in the correct order. At diploma level the answer needed to include dust 
collection and safety features along with any storage and weighing requirements. Part “b” was also generally 
answered well however marks were lost by not giving detailed reasons for selection of key equipment such as mill, 
mixer, elevators, screws and not stating why particular materials of construction were chosen. Few candidates 
gave any detail on the method of grain intake. Marks were also lost by not relating intake and mashing tonnage to 
intermediate equipment size and transfer rates. 
 
 
QUESTION 2 
 
a) List four commercially available enzymes used by distillers. [2] 
 
b) For these enzymes detail their mode of action including their substrates, products and optimum 
operating conditions. [18] 
 

• Question required naming of 4 commercial enzymes not just any 4 enzymes 

• Detailed mechanism of action 

• State substrate and product  

• Optimum conditions and advantage over endogenous enzymes 

• pH, temp and time range and impact these have on efficiency 

• Cost, availability, ease of addition and  
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Further Comments 
  
This question was answered by the majority of candidates with a mixed quality of response. This question asked, 
in a slightly different way, how enzymes operate and why they are important. As it is a fundamental requirement of 
showing a candidate is at diploma level then it was not surprising this question gained high marks from most 
candidates. Part “a” gained full marks. Part “b” required a high level of knowledge of the mode of action of each of 
the enzymes. A basic statement of what substrate was broken down and the products of the reaction was not 
enough. Candidates needed to discuss optimum conditions for activity to be efficient along with impact if conditions 
were not optimal. Good answers did this for all four not just one or two. To gain top marks candidates needed to 
include comments on cost, availability and especially benefits of using these enzymes over endogenous enzymes. 
 
 
QUESTION 3 
 
a) With the aid of a diagram detail the design of a mashing vessel, including related equipment, used to 
hydrolyse and convert a milled dry material and producing a wort where the majority of solids are 
removed. [12] 
 
b) Outline an operational regime for this vessel. Indicate the key process parameters and operational 
control points. The regime must cover the sequence starting and finishing with an empty vessel. [8] 
 

• Diagram of equipment  

• Including detail of individual parts 

• Requires to be able to process dry material, produce wort and remove majority of solids 

• Include safety features and cleaning options 

• Provide basic mashing sequence – based on equipment in diagram 

• Include key operating conditions, control points and impact if not adhered to. 

Further Comments 
 
Candidates of the diploma in distilling still need to know in detail how to convert a dried material, usually a grain, 
into a sugar solution. This question tested this knowledge and was well answered by most candidates. Marks were 
lost in two main areas.  
 
Firstly, the detail of the equipment was not provided. To show the detail of the hydration step, filter plates, false 
bottom, and the mashing gear it was better to include these in separate diagrams. This was suggested by the 
wording of the question.  
 
Secondly, candidates gave brief step wise mashing sequences without providing the rational for the step or any 
operating conditions that were required to operate efficiently. Additional marks were gained by mentioning the need 
to and the procedure for keeping the equipment clean and hygienic. 
 
 
QUESTION 4 
 
a) Explain four factors responsible for poor distillery fermentation performance. [8] 
 
b) Discuss control measures to maintain consistently good yeast fermentation performance. [12] 
 

• Part a) 

o Weak answers  only listed or named less than 4 of the correct factors 

o Strong answers listed any 4 of the factors and provided full explanation as to why they affect yeast 

fermentation performance 

• Part b) 

o Weak answers only listed or named potential control measures (e.g. CIP of fermenters) 

o Satisfactory answers named some such as hygienic practices (CIP of fermenters) to control 

microbial contamination but without much discussion 

o Strong answers named control measures such as hygienic practices (CIP of fermenters) to control 

microbial contamination, use of high viability yeast, correct wort gravity and pH, temperature 

control etc.  and provided discussion as to why such measures would lead to maintenance of 

consistently good fermentation performance. 
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Further Comments 
 
Generally, Q4 was answered quite well. Part b) should have focused on control measures - not monitoring/testing, 
which some candidates emphasised in their answers. 
 
 
QUESTION 5 
 
a) Explain how yeast produces higher alcohols during fermentation. [8] 
 
b) Discuss the contribution of yeast-derived flavour congeners to the character of a distilled spirit. [12] 
 

• Part a) 
o Weak answers gained low marks if they only named a few  classes of flavour congeners (eg. 

esters) 
o Satisfactory answers name some of the main flavour congeners, (acids such as acetic, esters such 

as ethyl acetate, higher alcohols such as iso-amyl alcohol, aldehydes such as acetaldehyde, 
others such as diacetyl) but did not fully discuss their particular flavour/aroma contributions  

o Strong answers named some of the main flavour congeners and fully discussed their particular 
flavour/aroma contributions (e.g. rose-like aroma from 2-phenyl ethanol, banana aroma from 
isoamyl acetate etc.) 

o Candidates generally answered 5a) correctly but named examples would have helped. 

• Part b) 
o Generally well-answered, but several candidates wrote superfluous information on bacterial-

derived flavour metabolites 
 
 
QUESTION 6 
 
Describe the main types of vessel construction and design used for distillery fermentations and discuss 
their advantages and disadvantages. [20] 
 

• Weak answers only name types of vessel (eg. wooden, steel) but without much description or discussion 
of advantages and disadvantages. 

• Satisfactory answers provided a description of the main types of fermentation vessel, with diagrams (eg. 
oregon pine, open; stainless steel cylindro-conical) but did not give a full discussion of their pros and cons. 

• Strong answers provided a description of the main types of fermentation vessel, with diagrams (eg. oregon 
pine, open; stainless steel cyclindroconical) and gave a full discussion of their pros and cons (eg. ease or 
otherwise of CIP)  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



67 
 

Module 2 – Distillation and Maturation 
 
QUESTION 1 
 
a) Sketch and compare three types of trays that can be utilised in a column still. [7] 
 
b) With the aid of a diagram, detail the design features to consider when developing a column still that will 
process the feed from a fermenter. [11] 
 
c) Explain how liquid levels on plates could occur. [2] 
 

• Sketch, annotate and compare column still tray options, 

• Detail the design elements to be considered when designing a column still, 

• Demonstrate an understanding of how low liquid level on plates can arise. 
 
Further Comment 
In general, the first part of this question, on tray design options, was well answered with most candidates 
adequately describing a selection of trays and comparing them in regard to ease of operation, feedstocks and cost.   
For the second part of the question the answer needed to detail the consideration to be made when designing a 
column from scratch.  This includes identifying the feed, product and waste compositions choosing a reflux ratio, 
defining the flow rates, operating conditions etc and how this feeds into calculating column dimensions (diameter, 
plate height) and creating a McCabe-Thiele diagram.  A large number of candidates explained the components of a 
still or how to operate a column still rather than how to design one. 
 
 
QUESTION 2 
 
Name four groups of compounds present in wash/beer.  Describe where they come from and explain how 
their levels are managed during batch distillation to optimise spirit quality. [20] 
 

• Four named groups of compounds, e.g. esters, phenols, sulphurs, higher alcohols, acids, etc. 

• Where they originate – basic marks for ‘malt’ or ‘fermentation’, higher marks for pathways 

• Management of levels due to relative volatility, use of cut points, recycling, removal, distillation rates, 

reflux, charge volumes, distillation equipment, role of copper 

 

Further Comments  
 
The highest-scoring candidates listed 4 groups of compounds, gave a detailed description of where each is 
created, and explained how concentrations are managed through controlled distillation to give the desired spirit 
qualities.  Where candidates grouped compounds together according to their relative volatilities, some marks were 
awarded if relevant to managing their levels in distillation, but few of these answers adequately explained where 
the compounds originated. 
 
 
QUESTION 3 
 
With the aid of diagrams, show the behaviour of key congeners in a continuous column still and how the 
process can be optimised to control spirit quality. [20] 
 

• Well-drawn diagrams showing labelled congener curves, plates, mole fraction 

• Description of the process, including pertinent features of a column still with associated plant, liquid and 

vapour streams 

• Impact of ethanol concentration on congeners and other compounds  

• Accumulation, reduction, removal of congeners and impurities through controlled distillation, including how 

the features listed above are used to give the desired spirit qualities 

 
Further Comments  
 
Graphs were generally good, although alcohol strengths for the accumulation of some congeners were often 
incorrect.  Most candidates gave a reasonable account of the process, and higher-scoring candidates included the 
full range of equipment available detailing how it is used to manipulate the concentrations of compounds, 
optimising spirit quality. 
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QUESTION 4 
 

• Explain four types of maturation interactions with examples, 

• Explain how warehouse environments influence maturation. 

 
Further Comments  
 
Overall this question was well answered. Most candidates were clearly able to describe the four main maturation 
interactions with examples.  The descriptions of warehouse environments, although adequate, rarely went into 
great detail nor details the chemistry of maturation and the impacts on the final spirit flavour profile. 
 
QUESTION 5 
 

• Describe analytical methods for analysing ethanol concentration, 

• Describe methods for analysing two other chemical compounds,  

• Demonstrate an understanding of HACCP and its role in end user safety by detailing two chemical 

compounds that should be managed via this process. 

 
Further Comments  
 
A low number of candidates chose to answer this question. Although methods for analysing ethanol were 
explained adequately those for additional compounds were generally at a high level if at all.  Few candidates 
showed an in-depth understanding of HACCP with most answers focusing on control measures rather than the 
process as a whole and often referring to employee safety rather than the end consumer. 
 
 
QUESTION 6 
 
a) Explain why managing microbial contamination is important in a distillery. [6] 

 

b) With the aid of a diagram, design and outline the operation of a cleaning in place (CIP) regime to allow 

the cleaning of the pre-distillation equipment after dry handling and before distillation. [12] 

 

c)Describe one method for detecting and quantifying a residual contaminant. [2] 

 

• a) Mode of action impacting yield and flavour, house-style, cost, downtime, materials, age of plant, origin 

and risk of contamination, food safety standards 

• b) Well-drawn diagram(s), detailing pertinent equipment and how features are used to optimise cleaning, 

including detergent strength, temperature, timings, recovery, and in-process and maintenance checks  

• c) Any reasonable method, e.g. bioluminescence or selective-media plating, and sampling 

 
Further Comments  
 
Impact on yield and spirit quality were well-understood, and some modes of action were mentioned.  The best 
answers included process values, house-style to keep some background micro-organisms, health and safety and 
environmental considerations. 
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Module 3 – Process and Packaging Technology 

 

Short Answer Questions 

 
Overall SAQ’s were split between candidates who were comfortable at attempting calculations and those that were 

not. The latter group favouring descriptive answers. There is some evidence of the better performing candidates 

using guidance notes. 

Diagrams were often poorly detailed and described, considering some of the questions directly relate to guidance 

notes. 

The range of questions offers the opportunity to demonstrate a wide experience of distilling operations, many 

candidates struggled to cover full range of questions with any great detail.  

 
Long Answer Questions 
 
QUESTION 1  
 
a) Explain the measures which are available for assessing the effectiveness of plant maintenance. [10] 

 

b) Discuss the constraints and competing demands which may affect maintenance activities. [10] 

 

• Many candidates tackled this question and exercise in best practice or accounting with little or no focus on 

the manufacturing plant, instead they would discuss generalities in very little detail. 

•  Knowledge of OEE, its base requirements and their relationship to plant maintenance needs to be 

demonstrated. 

• Quality performance should be considered alongside production volume, maintenance planning and cost 

relationship, few candidates could explain this relationship in any detail. 

 

For part a) the availability aspect of Overall Equipment Effectiveness (OEE) is important. This is made up of  

         Availability, performance, quality (all 3 important re maintenance) 

          Avail % = Act uptime / sch runtime x 100 

          Perf %  = Units prod / act runtime / design capability x100 

The amount of quality failures may be symptomatic of maintenance issues. Measures to be included were : 

Meantime between failure 

Meantime to repair 

PM backlog 

Compliance to planned hours (schedule) 

Spares stock-outs 

% of PM / Predictive work 

% of corrective maintenance 1 or 2 

% of technician workday on “tools” 

Proactive Work Capacity index (PWCi) 

          = Schedule Compliance x Schedule Load x Tool time 

          PWCi (World Class) = 0.9 x 0.9 x 0.65 = 0.53 

Autonomous Maintenance hours worked 

 

It is important that candidates explain measures with a cost emphasis e.g: 

          Maintenance cost / unit output 

          Cost as % replacement value 

 

For part b) the constraints are : 

 

Time: 

         Loss of scheduled maintenance time for production 

         Slots for extended maintenance work 

         Pressure to fix breakdowns temporarily rather than permanently 

         Unsocial hours for maintenance 

         Regulatory deadlines (e.g. pressure system inspections) 

Cost: 
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         Labour costs – number of technicians 

         Specialist contractors 

         Spares stockholding 

         Affordability / scope of shutdown work 

Skills: 

         Own staff skills 

         Specialist skills 

Access: 

         Plant availability – lines 

         Plant availability – shared services / utilities 

Other: 

         Competing priorities where maintenance resources shared 

         Working with inherently unreliable plant – de-motivating! 

         Agreeing which maintenance activities are appropriate 

         Measuring effectiveness      

         Motivation of staff 

 

QUESTION 2 

 

a) Discuss the different states of flow, including Reynolds number ranges, that are possible when fluids 

move through a pipe. Include in the discussion examples of where a specific flow regime is desired and 

explain why. [8] 

 

b) Water flows through a tubular heat exchanger with a 35 mm inner diameter tube at a flowrate of 100 L 

min-1. Calculate the Reynolds number for the fluid assuming it is at 70°C and so has a density of 977 kg m-

3 and viscosity of 0.0004 Pa s. Identify the state of flow and discuss why the particular state of flow is 

desired for this application. [6] 

 

c) Discuss how the state of flow affects the average fluid velocity relative to the maximum fluid velocity. 

Include a diagram in your discussion. Compute the mean and maximum velocities for water in the tube 

described in this problem. [6] 

 

• Correct Re values for each type of flow 

• An example for laminar and turbulent flow especially 

• Understanding the difference between volumetric flow and average velocity 

• Correct units for calculating Re 

• Turbulent flow is required for efficient heat transfer 

• Relationship between average velocity and maximum velocity for both laminar and turbulent 

 

Further Comments  

 

This question allows a candidate to demonstrate their knowledge of the different flow types.  In general most 

candidates identifies the different flow regimes correctly.  The usual example for a specific flow regime was 

turbulent for heat transfer, only a few candidates mentioned CIP.  A significant proportion of candidates could not 

correctly calculate the cross-sectional area which is required for deriving the average velocity.  Most candidates 

had already drawn the velocity profiles as part of their answer to part a), these diagrams are specifically required 

for part c).  This indicates an incomplete reading of the entire question before starting to answer it.  Some 

candidates drew these diagrams twice. 
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QUESTION 3 

 

a) Describe, with the aid of diagrams, the principle of operation of a double seat mix-proof valve. On the 

diagrams clearly indicate the flow of liquid through the valve in its different operating positions for product 

and CIP flow. List three advantages and identify one risk associated with their use. [10] 

 

b) Discuss the issues which can arise when using flexible sealing materials (e.g. nitrile rubber) in 

applications containing product or service fluids and appropriate measures to prevent problems arising. 

[10] 

 

• Knowledge of the advantages and disadvantages of double seat mix-proof valves 

• Ability to produce clear and annotated diagrams of this type of valve 

• Use of this valve type in practice, e.g. within a matrix 

• Knowledge of maintenance of this type of valve 

• Practical knowledge of flexible seals should be demonstrated 

• Understanding of the risk of imparting taints into liquid or gaseous products 

 

Further Comments 

 

This question definitely requires some practical knowledge of mix-proof valves and the ability to draw legible and 

annotated diagrams under exam conditions.  Some diagrams were not legible and could not be interpreted with 

respect to answering the question.  Most candidates stated that two products could flow without risk of cross-

contamination.  Only one candidate stated that they were often installed as a matrix.  In discussing the issues 

encountered with flexible seals most candidates concentrated on failure due to pressure or abrasion/erosion, but 

not always discussing the measures that mitigate against these problems. 

 

 

QUESTION 4 

 

a) Dry saturated steam at a pressure of 475 k Pa flows at a rate of 0.1 kg s-1 through a 60 m length of 

insulated pipe whose outside diameter is 110 mm. 

Calculate: 

(i) The heat loss to the surroundings if the ambient temperature is 20°C. 

 

(ii) The dryness fraction of the steam as it leaves the pipe. 

 

Data 

The temperature of dry saturated steam at 475 k Pa is 150°C and its latent heat of condensation is 2114 kJ 

kg-1. 

The overall heat transfer coefficient for the lagged pipe, including the outside surface film heat transfer 

coefficient, is 1.0 W m-2 K-1. [8] 

 

b) Discuss why steam becomes “wet”. Describe the range of effects using wet steam has on operational 

performance of the brewery or packaging hall and the potential long-term negative consequences on 

equipment. [8] 

 

c)What measures can be taken to ensure that steam is dry and saturated at the point of use? [4] 

 

• Knowledge of the overall heat transfer equation 

• Calculation of the heat transfer area for a pipe 

• Understanding of the concept of “wet” steam and dryness fraction 

• Impact of wet steam on the efficient operation of steam supply systems 

• Why dry saturated steam is normally the best steam condition for heat transfer 

• Methods of dealing with wet steam in the supply system 
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Further Comments 

 

This question covers both the candidate’s ability to quantify heat loss and steam quality as dryness fraction.  Most 

candidates knew the overall heat transfer equation, but a significant number failed to correctly calculate the 

external surface area of the pipe. Very few candidates completed this section with the correct value for the dryness 

fraction.  Some candidates drew temperature enthalpy diagrams which were not necessary for this question as the 

enthalpy values required were given.  Corrosion, scaling, poorer heat transfer and water hammer were given as 

the main consequences of wet steam.  Consequent damage to equipment was frequently mentioned.  The reason 

for wet steam was not always identified although within this question it is simply heat loss.  The steps to ensure 

steam is dry were usually given as increased steam traps, few candidates identified insulation as a solution. 

 
 
QUESTION 5 

 
a) Draw and label a diagram of a full recovery hot cleaning in place (CIP) system. Include in the diagram 3 

tanks, pumps, valves, caustic dosing system and instrumentation. Identify the key parameters to be 

controlled, clearly showing the feedback loops on the diagram. [6] 

 

b) For the above system the temperature of the caustic tank is to be automatically controlled to a 

temperature of 75°C by using a feedback loop to modulate the flow of steam into a tubular heat exchanger 

via a steam control valve. 

 

i) Draw a block diagram of the main components of the system, including the feedback loop, and describe 

the function of each component. 

 

ii) The temperature of the caustic tank must be maintained when caustic is called for in a CIP programme. 

Draw a simple temperature - time course diagram to show the likely effect of the disturbance on the 

controlled variable of caustic temperature if: 

➢ proportional control (P) only is employed. 

➢ proportional and integral control (PI) only control is employed and identify a key advantage and a 

key disadvantage of this control strategy compared to P control. 

➢ What is the advantage of employing correctly tuned PID control over PI? [14] 

• Most candidates could attempt a reasonable diagram of a CIP set, many could not detail a 3 tank recovery 

set and choose to include bulk caustic supply in a three tank system. 

• Diagrams are key to adding detail in this question and many failed to detail sufficient basic details such as 

level probes, conductivity measurement and basic control loops. Many good answers detailed these in the 

diagram thus saving the need for extensive notes and explanations later. 

• Control loop suggestions ranged from very basic to good level of detail, although the last part of the 

question regards PI v PID was only answered well by the best candidates 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



73 
 

QUESTION 6 

 
a) For a multi-line bottling hall, explain with the aid of diagrams the processes and equipment required to 

blend spirits into final product. All products are delivered from the distillery in road tankers as high 

strength white or brown spirit which is subsequently blended to a variety of final bottled products that 

include white and brown spirit, single malt spirit and flavoured liqueurs. [12] 

 

b) For each stage of the process, detail product quality checks and give typical values. [8] 

 

• This question requested diagrams and process description for the receipt of bulk spirit and its subsequent 

handling to provide final quality for delivery to a bottling line. Many candidates choose to ignore the 

blending operation and focus on bottling line process and control. 

•  The better candidates focused on the blending operation to provide the range of spirits specified and 

produced a good diagram or schematic. 

• The purpose of the question was to allow candidates to demonstrate knowledge of tanker receipt and 

blending of multiple spirit types, this introduces a degree of complexity to the simple blending process. 

Specifically, additional vessel capacity at each stage.  

• The use of flavourings and colouring other than E150a was generally poorly described and  quality control 

check descriptions were limited strength and colour ,with little consideration to differing blend types, 

reduction water controls  and loss control.   
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FOUNDATION AND GENERAL CERTIFICATE 
EXAMINATIONS 
 
Foundation in Brewing and Packaging  
Nov 2018 – May 2019 
 
The pass rate of 92% compares favourably to the 
pass rate of 91% from the same period last year. 
  

Fail Pass Credit Distinction Total 

Foundation in 

Brewing and 
Packaging 

(Cask) 

0 6 8 4 18 

Foundation in 
Brewing and 

Packaging 
(CF) 

5 11 7 25 48 

Total 5 17 15 29 66 

 
Foundation in Distilling 
Nov 2018 – May 2019 
 
The pass rate of 62% compares favourably to the 
pass rate of 59% from the same period last year. 
  

Fail Pass Credit Distinction Total 

Foundation in 
Distilling 

27 24 15 5 71 

 
General Certificate in Brewing 
Nov 2018 – May 2019 
 
The pass rate of 49% was slightly down from 51% 
last year. 
  

Fail Pass Credit Distinction Total 

General 
Certificate in 

Brewing (Craft) 

194 164 38 4 400 

General 
Certificate in 

Brewing 

(Mainstream) 

241 167 47 2 457 

Total 435 331 85 6 857 

 
General Certificate in Malting 
Nov 2018 – May 2019 
 
The pass rate of 59% compares favourably to the 
pass rate of 47% from the same period last year. 
  

Fail Pass Credit Distinction Total 

General 
Certificate in 

Malting 

15 16 6 0 37 

 
 
 
 
 
 

General Certificate in Distilling 
Nov 2018 – May 2019 
 
The pass rate of 62% was slightly lower than 63% 
from last years. 
  

Fail Pass Credit Distinction Total 

General 
Certificate in 

Distilling 
(Cereal) 

111 137 34 1 283 

General 
Certificate in 

Distilling 

(Grape) 

1 4 0 0 5 

General 
Certificate in 

Distilling 
(Molasses) 

3 9 2 0 14 

Total 115 150 36 1 302 

 
 
 
General Certificate in Packaging 
Nov 2018 – May 2019 
 
The pass rate of 53% was slightly up on 52% from 
last year. 
  

Fail Pass Credit Distinction Total 

General 
Certificate in 
Packaging 

(All) 

1 0 0 0 1 

General 

Certificate in 
Packaging 

(Can) 

29 28 19 0 76 

General 
Certificate in 
Packaging 

(Keg) 

9 3 5 0 17 

General 
Certificate in 

Packaging 
(NRB) 

16 15 10 0 41 

General 

Certificate in 
Packaging 

(RB) 

51 26 14 0 91 

Total 106 72 48 0 226 

 
General Certificate in Packaging (Spirits) 
Nov 2018 – May 2019 
 
The pass rate of 58% is lower than 67% from last 
year. 
  

Fail Pass Credit Distinction Total 

General 

Certificate in 
Packaging 

(Spirits) 

14 12 5 2 33 

 
 
 

 
 
 
 

 


