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Media Storage Demands 

 
The Quest To Find Good Enough 

Media Storage Solutions 
At Reasonable Cost 

Executive Summary 
Albert Einstein is sometimes quoted as saying “If you can't explain it simply, you don't understand 
it well enough”. Knowing that the subjects of this document are complicated and can be hard to 
grasp, the first attempt to a condensed description would simply read: This document is about 
methods and structures for finding good enough media storage solutions for your organisation, 
at reasonable cost. This document does not discuss specific technologies or architectures (like 
cloud or object-based storage), it rather addresses the delivery service requirements across all 
workflows that use storage in any way. 

The methods and structures used are targeted at learning what good enough storage means to an 
organisation, and identifying the costs of owning and operating storage to understand what is 
relevant when deciding if costs are reasonable.  

So, the second simple explanation will be: Learning what is good enough storage, is about 
identifying and defining relevant media storage demands. Learning what reasonable costs are, 
is about identifying and, when possible, defining the most relevant direct and indirect storage 
costs. 

The main topics of the section “Storage and Economics” can be explained simply in the terms: 
Price is what you pay at acquirement. Costs are what you pay when owning and using. Value is 
what you get, and is relative to your business needs. 

When it comes to identifying reasonable costs we need to learn more about the costs that are not 
as obvious as the procurement price which often is seen as the main cost. 

Some costs, and values, can be easily identified, quantified and measured – they are called hard 
costs and hard values.  

Some costs, and values, can not be quantified or measured – they are called soft costs and values. 

Just because some costs and values are soft, does not mean that they are any less important in 
contributing to overall cost savings! 

In the “Storage and Economics” section you will also find a storage cost checklist with 26 types of 
costs related to media storage – the procurement price is just one of these costs. 

When it comes to the following section about defining your business needs and demands on your 
storage solutions, it can be simplified as three steps: 

Step 1; The media storage demands of a production process can be divided into a number of 
different categories with different media storage demands – this document defines eight 
generic categories of media storage demands. 
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Step 2; Each storage category can be described in terms of defined properties – property classes 
and sub-classes – this document describes nine main property classes describing common properties 
like Performance and Volume Size as well as properties like Storage Management, Life Cycle 
Management and Environmental & Energy Aspects. 

 
 

Step 3; Each property class, or sub-class, can be expressed as a set of quality levels (typical bronze 
to platinum) giving necessary granularity to the definitions – this document will give examples of 
how the quality levels can be defined. 

 
 

Finally there is a table at the end of the document, mapping storage properties to storage costs. 
The table can be of great help for simplifying and understanding the complexity of the task of 
finding good enough media storage solutions at reasonable costs.  

So in summary for the purposes of this document, the definition of “good enough” is “striking a 
balance between the performance requirement of the business needs for any specific point in the 
workflow and the overall cost as a value to the business”. This balance can only be judged by the 
organisation concerned as a result of fully understanding the potential damaging implications of 
simple least-cost supply to the scalability and performance requirements of the business. 
Therefore, there are no generic answers to this understanding as it is organisationally specific to 
business needs, topography and the values the business places on such issues. The purpose of this 
document is to help deliver these answers as they relate to the readers business and to help to 
deliver supporting arguments for the decisions that will need to be made. 
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1. Introduction 
The mantra of this document is “good enough storage solutions at reasonable costs”, a fairly 
obvious goal and statement that will be repeated throughout the text. And as many other obvious, 
common sense statements it’s much easier said than achieved in reality. To achieve “good enough 
storage solutions at reasonable costs” we have two main challenges that both need to be met ‘good 
enough’. We need to ask ourselves and our organisation what “good enough storage solutions” 
mean, and we have to ask the same question regarding “reasonable costs”. This document will 
provide a help to take a closer look at the concept of “costs” from a storage specific view – and add 
some understanding about the differences between prices and costs. This document will also 
provide a structured model to help an organisation to define their media-storage needs and 
demands from a more holistic view than most usually used. 

Cloud storage services and costs are not targeted here as there are many external issues (like legal 
issues, security issues and wide area network capacity) that will need to be addressed that does not 
fall within the scope of this document. (A short paper that clearly summarizes the most obvious 
pros, cons, and security considerations of using cloud storage (as a backup) for critical personal and 
business data, can be downloaded from US Department of Homeland Security; 
http://www.us-cert.gov/sites/default/files/publications/data_backup_options.pdf .) 

However, many of the storage properties and costs mentioned here will also be applicable when it 
comes to Cloud solutions – especially when it comes to Private Cloud-technology, which can be 
found in solutions like media archiving or long term storage. Regarding Hybrid and Public Cloud 
services there are several Cloud-specific properties and costs that are not covered here for reasons 
already stated. 

This document will give you and your organisation a better chance in the future to acquire 
“good enough storage solutions at reasonable cost”. 

2. The Mantra 
To live up to our mantra “good enough storage solutions at reasonable cost” we need to define and 
express our business needs in terms that can be translated well enough to actual demands on the 
media storage infrastructure, or the media storage services provided within or outside the 
organisation. This is described in the sections about Categories of Demands and Property Classes. 
We also need to get a good enough grip of the total costs of media storage, so we get a more true 
base line for whether the costs are reasonable or not – and the ability to foresee if we are actually 

http://www.us-cert.gov/sites/default/files/publications/data_backup_options.pdf�
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increasing or decreasing the costs with our next storage investment. The following section, Storage 
and Economics, will highlight the most common types of storage costs that affect the total costs of 
owning media storage. Even though media storage is the primary focus of this document, the 
structure and the reasoning regarding business needs, storage demands and costs of owning storage 
can easily be adapted to generic storage needs – and thus facilitate “good enough storage solutions 
at reasonable costs” beyond the specific media storage environment. 

3. Storage and Economics – Part 1 

The quest for reasonable cost 
This section covers the fundamental difference between “price” and “cost” and will also discuss 
the concepts of hard costs and soft costs as well as hard and soft values – and the paradoxical 
situation that storage have become almost free to buy when price per Gigabyte is considered, at 
the same time as storage costs are still constantly increasing in most organisations. If you feel that 
these are topics that you already know well, you can jump direct to the Storage Cost Checklist and 
the following section about Categories of Demands and Property Classes. 

We have the clear goal to get us “good enough storage solutions at reasonable costs”, so let’s start 
by focusing on the challenge to identify when costs are reasonable. To do this we need to take a 
closer look at the concept of “costs” both in a generic and in a storage-specific view. 

An important first step is to see the difference between “price” and “cost”; price is what you pay 
at the acquirement of your car/house/storage system, and the cost is what you need to pay as long 
as you own and use your car/house/storage system. Deciding to buy for your chosen 
car/house/storage system means that you get a value that makes the price acceptable, even 
though the value can be difficult to define and quantify – other than by the price you just paid. 

For the car and the house it’s quite obvious that there are a lot of other costs than the price, that 
need to be covered by us as car or house owners, and that buying a cheap car or a cheaper house 
not necessarily means low costs of owning the car or the house. When considering buying a car or a 
house it’s wise to do a good enough calculation of the expected direct and indirect costs per month 
or year over the coming years – at least for the foreseeable coming 3 - 5 years, knowing that some 
known costs can change unexpectedly by reasons beyond our control. The wise buyer is also 
prepared for some degree of unexpected costs.  

The costs that we can calculate and quantify (at least in rough terms) can be called hard costs – 
and the hardest is usually the procurement price. Considering only the hard costs, it should be an 
easy straight forward task to choose the most favourable (= most affordable) car or house, and 
probably some people do, only considering the quantifiable initial hard value defined by the price. 
But there are other values and qualities that are also important when choosing the ‘right’ car or 
house and most buyers are willing to pay soft costs for non-quantifiable qualities and values like 
‘lowering the risk of my car breaking down during my holiday’ (a risk assessment) or the value of ‘a 
sunny garden outside my house’ (added value to the end user experience). So, when choosing and 
acquiring cars and houses we are usually quite aware of the difference between prices and costs – 
and that there are both hard costs that we can quantify and non-quantifiable soft costs that we are 
willing to pay to get qualities and added values. The values we get by paying soft costs are most 
likely also non-quantifiable values - soft values. 
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Price:  
What you pay at the acquisition of the item 
Costs: 
What you need to pay as long as 
you own what you acquired 

Hard Costs: costs that you can define, calculate 
and quantify 
Soft Costs: non-measurable or non-quantifiable 
costs 

Value: 
What you get for the money spent 

Hard Values: values that can be defined and 
quantified in measurable terms (monetary or 
other measures) 
Soft Values: non-measurable or non-quantifiable 
values, can often be clearly recognised and 
experienced 

 

After owning the car or the house for some years we probably get a hunch that there are some 
more, hidden, excessive soft costs that could be lowered if we only knew how to identify them – 
like the cost of not repairing the rust under the car or the cost of not sealing the windows in the 
house properly for the winter. In the example of sealing the drafty windows for the winter, the 
hard costs paid when buying new weather-stripping can lower the soft costs of energy dissipation 
through the windows and also give a soft value of a less drafty indoor climate. 

Paying hard costs can be a way to lower soft costs and increase soft values – and even though soft 
costs and soft values are non-quantifiable they are often highly recognisable. 

Coming back to the topic Storage and Economics, with the insights from owning cars and houses, 
we can start to clear up some of the confusion regarding storage costs. Surely we would have hard 
costs and soft costs also when it comes to storage, and surely it would be wise to look at – and be 
prepared for – both recurring and unexpected costs during the period we own our storage solution. 
But instead vendors mostly talk just about the attractive procurement prices of their products, 
neglecting us the obvious right to understand the future costs of using their products. Vendors are 
also skilled at emphasizing a general mix of hard and soft values that their products are supposed 
to provide – thus making the procurement price appear even more attractive, regardless of if we 
really need those values. 

One root of the confusion regarding storage costs – and how to truly cut storage costs – is the 
storage industry itself, or the marketing departments of the storage industry. Few vendors are keen 
to provide the information and knowledge that would show the cost of owning their storage 
solutions over time – say five years, including necessary migration to new hardware. Another root is 
the fact that few customers measure and track their actual storage costs, apart from the most 
obvious costs like costs for acquiring storage-boxes (prices) and necessary support contracts. A 
third root of confusion is the popular metric ‘price per Gigabyte’ (or ‘price per Terabyte’) for the 
storage medium (disk, tape, flash memory etc.).  

All ‘Price/Gigabyte’ time-graphs for spinning disk storage, reaching over decades (Figure 1 is just a 
sample); have pointed to a coming future of almost free storage. During the last three decades the 
price erosion for the hard drive storage media went from a million US dollar per Gigabyte to a few 
European cents per Gigabyte today (2013) – which seems like the future with free storage, is almost 
here. 
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Figure 1: HDD Price erosion 1980-2010 

However; the costs of owning and operating storage are still increasing in most companies, and 
sometimes increasing painfully fast. The simple answer on this paradox is that the need for more 
storage has increased far more than the price erosion can compensate for (also known as Jevons 
paradox) – and that the procurement price is just a minor part of the total cost of storage 
ownership. 

Not many years ago analysts showed that the procurement price of storage hardware generally 
equalled just about 40% to 60% of the total cost of ownership when a TCO-analysis was made. With 
the continued price erosion and data growth the corresponding numbers are now coming down to 
less than 20% for companies that haven’t made serious efforts in analysing and cutting their total 
storage costs. 

3.1 The Storage Cost Checklist 
This document will briefly highlight a ‘Checklist’ of the different types of storage costs that can 
apply to most Broadcasters, including some that often might be overlooked. Reading this document 
will also give a picture of what properties of a storage solution will affect what costs.  

An ambitious attempt to spread knowledge about the economic aspects of owning storage – and 
how to influence your storage costs – is made by Justin Augat from Hitachi Data Systems (HDS) with 
the book Storage Economics for Dummies. Despite the title, the book will give both a wider and 
deeper (and reasonably vendor neutral) perspective in identifying and lowering storage related 
costs in an organisation. The book can be downloaded from http://www.hds.com/go/storage-
economics-for-dummies/ 

Before diving in to the Storage Cost Checklist, there are two quotes from Justin Augat that are good 
to keep in mind throughout the rest of this document: 

“You can’t improve what you can’t measure” (Storage Economics for Dummies, p. 10) regarding the 

http://en.wikipedia.org/wiki/Jevons_paradox�
http://en.wikipedia.org/wiki/Jevons_paradox�
https://www.gartner.com/it-glossary/total-cost-of-ownership-tco/�
http://www.hds.com/go/storage-economics-for-dummies/�
http://www.hds.com/go/storage-economics-for-dummies/�
http://www.hds.com/go/storage-economics-for-dummies/�
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importance of measuring the costs that you want to reduce. 

“The fact is, the discipline of economics is largely based on nonmeasurable metrics. But not being 
measurable doesn’t make these metrics any less valuable.” (Storage Economics for Dummies, p. 
30) regarding that some costs are truly difficult to define and measure. 

The following checklist is inspired by the 34 types of storage costs that Justin Augat and HDS have 
identified and are using when doing Storage Economics assessments. Among the currently 26 costs, 
presented in a non-prioritised order, in the Storage Cost Checklist you might find costs that seem 
neither useful nor applicable in your organisation – that’s just fine; only select the types of cost 
that help you identify your hottest storage costs. The Property Classes mentioned in the right 
column of the checklist are explained below. 

Storage Cost Checklist 
Performance  Performance metrics for media storage are usually more complex 

than for commodity office storage. The media specific demands 
can add extra costs that could be expressed as cost per 
simultaneous user, cost per simultaneous channel or real-time 
data stream, using specified tools and/or formats, or other terms 
describing the business and workflow needs. 
 
Property Classes: Performance Classes, Performance Scalability, 
Environmental & Energy Aspects 

Hardware depreciation 
after procurement or lease 

Costs for hardware depreciation (yearly) or leases (monthly). 
 
Property Class: Life Cycle Management, Environmental & Energy 
Aspects 

Decommissioning Costs of decommissioning media storage hardware, including 
labour costs, recycling and waste fees, data sanitization or 
destruction of sensitive storage media etc. 
 
Property Class: Environmental & Energy Aspects, Life Cycle 
Management 

Software Costs for the purchase of storage related software and licenses. 
Licensing fees can be volume dependant. 
 
Property Classes: Volume Size Grades, Volume Scalability, Storage 
Management, Backup & Recovery Policies 

Hardware Maintenance Support and maintenance costs (yearly or monthly) for all storage 
hardware after the initial period of base warranty. 
 
Property Class: Storage Management 

Software Maintenance Support and maintenance costs (yearly or monthly) for all storage 
software after the initial period of base warranty. 
 
Property Class: Storage Management 

Storage Management & 
Monitoring labour  

Labour costs associated with various tasks of storage management 
and monitoring – provisioning, tuning, load balancing, health 
checks, troubleshooting, updates, upgrades etc. Can include 
necessary training and education, related to new storage 
solutions. 
 
Property Class: Storage Management, Access & Availability Grades 

Backup & Restore and 
Disaster Recovery labour 

Labour costs related to managing backups and restores, includes 
disaster recovery planning and testing 

http://www.hds.com/solutions/it-strategies/storage-economics/�
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Property Classes: Performance Classes, Performance Scalability, 
Access & Availability Grades, Storage Management, Backup & 
Recovery Policies 

Backup infrastructure Cost of infrastructure for backup, including backup servers, media 
servers, tape libraries, drives, etc. Can include specific SAN & LAN 
infrastructure and licensing costs if not covered elsewhere. 
 
Property Classes: Performance Classes, Performance Scalability, 
Access & Availability Grades, Storage Management, Backup & 
Recovery Policies, Environmental & Energy Aspects 

Backup media Media costs for backup – tape and/or disk. Recurring costs as 
media is replaced and renewed. 
 
Property Class: Volume Size Grades, Backup & Recovery Policies 

Risk with Backup 
& Restore windows 

Cost of business impact of necessary backup and restore windows – 
a soft cost that can be hard to quantify. 
 
Property Classes: Performance Classes, Performance Scalability, 
Storage Management, Volume Size Grades, Volume Scalability, 
Access & Availability Grades, Backup & Recovery Policies 

SAN & LAN infrastructure Costs of the hardware and software components of the storage 
area networks as well as necessary LAN-environments for 
communication with, and providing access to, the storage 
solutions. This cost includes routers, gateways, host bus adapter, 
switches and directors etc. and is also including maintenance and 
support costs. 
 
Property Classes: Performance Classes, Performance Scalability, 
Access & Availability Grades, Storage Management, Environmental 
& Energy Aspects 

Migration and Remastering Various costs associated with data migration at the end of the 
storage system’s life cycle. Migration costs deals with the life 
cycle costs of the storage system. Remastering costs are costs 
associated with the data life cycle; data conversion, reformatting, 
transcoding etc. 
 
Property Classes: Volume Size Grades, Volume Scalability, Access 
& Availability Grades,  Storage Management, Environmental & 
Energy Aspects, Life Cycle Management 

Power and Cooling Costs of data centre power and cooling. Power costs should 
include supply of redundant power and battery or diesel backup. 
The cost of power and cooling can be equal or larger than the 
procurement price during a storage system’s life cycle. 
 
Property Classes: Access & Availability Grades, Environmental & 
Energy Aspects, Life Cycle Management 

Floor Space & Loading Costs of data centre footprint for the equipment. These costs 
include necessary preparations to handle the weight of equipment 
(new high density storage solutions can become much heavier than 
previous installations within the same footprint). 
 
Property Classes: Volume Size Grades, Volume Scalability, 
Environmental & Energy Aspects, Life Cycle Management 
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Waste of space  Cost of inefficient usage of the storage capacity space; usable but 
not allocated space, and allocated but not used space. 
 
Property Classes: Volume Size Grades, Volume Scalability, Storage 
Management, Environmental & Energy Aspects, Life Cycle 
Management 

“Dark storage space” The cost of “Dark storage space” (“Dark”, as in “Dark matter”) 
refers to the storage space we may believe we have to our 
disposition when buying a storage system, but that can’t be 
reached, touched or used by our applications. There are a few 
different types of “Dark storage space” – and knowing them make 
them a bit less “Darkish”: 
 
The first type of “Dark storage space” comes from the confusion 
concerning how big a gigabyte (GB) really is – which is the result 
from the mix-up between binary (power of 2) representation (as 
computers use) and decimal (power of 10) representation (as 
ordinary people, including marketing people, find easier). 
 
One gigabyte of computer memory (RAM) is always defined as a 
binary multiple of the byte:- 
1 gigabyte = 10243 byte = 230 byte = 1,073,741,824 byte. 
(1 terabyte = 10244 byte = 240 byte = 1,099,511,627,776 byte.) 
 
One gigabyte of storage memory (HDD, CD, DVD, SSD etc.) is 
nowadays defined as a decimal multiple of the byte:- 
1 gigabyte = 10003 byte = 109 byte = 1,000,000,000 byte. 
(1 terabyte = 10004 byte = 1012 byte = 1,000,000,000,000 byte.) 
 
In 2005 the IEEE 1541 standard defined that the binary multiples 
should use a prefix that clearly communicates that this is a binary 
representation:- 
1 gibibyte (GiB) = 230 byte and 1 tebibyte (TiB) = 240 byte. The 
standard is not yet widely adopted and the confusion remains. 
 
For disk storage the marketing size of the hard disk is sometimes 
rounded up to 'a nice round figure' which adds on to the binary vs. 
decimal confusion. 
 
The first type of “Dark storage space” will then be about 10% or 
more for storage in the Terabyte-domain. 
 
The second type of “Dark storage space” is the difference 
between 'raw' space (before configuration and formatting) and 
usable space when the storage is configured and formatted for 
disk/data redundancy – i.e. RAID, Erasure Coding etc., including 
spare drives. Depending on technology and configuration, this 
“Dark storage space” can have a significant impact on the costs we 
pay. High performance and high redundancy storage solutions will 
typically have larger amounts of this second type of “Dark storage 
space” – ranging up to more than 50% (for RAID 1 or RAID 10 with 
spare drives). 
 
The third type of “Dark storage space”, and sometimes the easiest 
to overlook, is the loss of space that occurs when formatting the 
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storage with a file system. This Figure is of course dependent on 
the choice of file system and configuration – and how well the 
configuration is tuned to the size of the data sets that are to be 
stored. 
 
The fourth type of “Dark storage space” is the consequence of 
most file systems requiring some free space (5% - 25% or more) to 
ensure proper performance and function. This is an important 
issue for overall performance in most cases. 
 
Property Classes: Volume Size Grades, Volume Scalability, Access 
& Availability Grades, Performance, Storage Management,, 
Environmental & Energy Aspects,  

Duplicate data Cost of multiple copies of the same data. This can be a result of 
mechanisms for securing data access and data integrity, but is 
often associated with several non-related copies of the same data. 
This is very common in unstructured file systems. 
Techniques like single instance storage and data deduplication try 
to address the cost of unwanted duplicates. The costs of the single 
instance storage or data deduplication solution will then be 
alternative costs. 
 
Property Classes: Volume Size Grades, Volume Scalability, Access 
& Availability Grades, Storage Management, Backup & Recovery 
Policies, Environmental & Energy Aspects, Life Cycle Management,  

Storage growth  Every storage architecture has costs of growth. In high-growth 
environments with a poorly scalable architecture, the cost of 
growth can be acute. 
 
Property Classes: Volume Size Grades, Volume Scalability, Access 
& Availability Grades, Storage Management, Backup & Recovery 
Policies, Environmental & Energy Aspects, Life Cycle Management 

Planned downtime Cost of downtime due to scheduled activities like major 
maintenance, installations, hardware replacement etc. 
 
Property Classes: Access & Availability Grades, Storage 
Management, Backup & Recovery Policies, Life Cycle Management 

Unplanned downtime 
(hardware & software 
related) 

Business and operating costs for unscheduled downtime in both the 
storage system and the connections or data path. Downtime costs 
could include soft costs like loss of good will, reputation and 
credibility. 
 
Property Classes: Access & Availability Grades, Storage 
Management, Backup & Recovery Policies 

Unplanned downtime 
(people & process related) 

Business impact costs and operating costs, for unscheduled 
downtime due to capacity problems, limited operational control or 
human errors etc. 
 
Property Classes: Access & Availability Grades, Storage 
Management, Backup & Recovery Policies 

RTO & RPO 
(Recovery Time Objective & 
Recovery Point Objective) 

Business impact costs resulting from the time it takes to return to 
a recovery point after a system failure, data loss or backup 
recovery. 
 

http://en.wikipedia.org/wiki/Single-instance_storage�
http://en.wikipedia.org/wiki/Data_deduplication�
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Property Classes: Performance Classes, Performance Scalability, 
Volume Size Grades, Volume Scalability, Access & Availability 
Grades, Storage Management, Backup & Recovery Policies 

Data loss Business impact costs and enterprise costs, for lost, corrupted or 
unrecoverable data. Could include costs resulting from ‘cyber 
attacks’. 
 
Property Classes: Access & Availability Grades, Storage 
Management, Backup & Recovery Policies 

Setup time and complexity All costs related to the complexity of installing, setting up and 
implementing a new or updated storage solution. 
Costs included are time, labour and impact on business related to 
installation, setup, validation, tuning, implementation, 
management etc. during the phase of installing and implementing 
a storage solution. The more complex the storage solution and 
environment are, the more likely it will be that this cost will 
increase. 
 
Property Classes: Access & Availability Grades, Storage 
Management, Backup & Recovery Policies, Environmental & Energy 
Aspects. 

Procurement  All costs associated with the time and effort required when 
acquiring storage hardware and software. This includes required 
analysis, preparation, review, negotiation, selection and 
certification processes.  

Using this document can definitely lower some of these costs. 
By now it should be evident that focusing on procurement price only, will probably not at all be an 
efficient way to save money – if other hard costs and soft costs are considered. No matter how easy 
and tempting it might be to just ignore everything else than the ‘special offer for you’-price tag, 
you are now aware that finding “good enough storage solutions at reasonable costs” need deeper 
understanding of your own true costs and the business values the storage solutions are providing. 
To do an in-depth analysis of the storage costs in an organisation can call for external expertise – 
but you can start by yourself just by making your organisation more aware of the most obvious costs 
that have remained hidden for so long. 

When it comes to soft costs that are hard to quantify and measure, it can help to make up standard 
assessments that at least can be compared. As an example; a standard assessment cost for ‘Waste 
of space’ (xx €/GB) can create clear incentives to review how space is allocated and used – and 
show ‘cost savings’ when the space is more efficiently utilised. Another example; standard 
assessments for the costs of different types of downtime (Planned and Unplanned downtime) can 
give valuable input when analysing the costs of highly available storage solutions. 

The following sections of this document will focus on finding “good enough storage solutions” from 
the business needs perspective. The values of the properties and qualities discussed and defined, 
need to be considered from the perspective that “reasonable costs” are a far more complex metric 
than just the procurement price. 
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4. Categories of Demands & Property Classes 

The quest for good enough storage solutions 
In this section we discuss methods and structures for defining business needs in terms that are 
storage relevant. The topic is complex and will call for some serious effort to get the deeper 
understanding of the true business needs of your production process, and how they can be divided 
in categories that describe concrete requirements of the storage solutions and the corresponding 
organisation. This section probably needs to be re-read a few times if the concept feels unfamiliar.  

If this were easy, this document wouldn’t have been written. 
On our continued quest for finding “good enough storage solutions” we need a structured way to 
define the media-storage needs and demands of an organisation. This document is proposing a 
model based on Categories of Media Demands and Property Classes. The Categories of Media 
Demands represent different categories of business needs from a storage view. The Categories can 
be seen as the top level in a three tier model where the middle level describes the necessary 
characteristics and properties – defined as Property Classes – of each Category of Media Demands. 
The bottom level will represent the Storage service Solutions that will meet the requirements 
categorised by the top level. The bottom level is not covered in this document. 

TopLevel Categories of Media Demands – reflecting the business needs from a storage 
perspective 

MiddleLevel Property Classes – describing the actual business needs of each Storage Category 

BottomLevel Storage service Solutions – available solutions and technologies that can meet the 
demands above 

 

 

Figure 2: The three levels; Storage Categories, Property Classes and Storage Services 
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Note: These Categories of Media Demands are generic examples that are supposed to be 
relevant for most Broadcasters, but each production process and organisation is 
different so please consider which categories that apply to your workflow – and if 
needed; redefine, add or subtract categories to fit your specific business needs. 

Figure 2 shows the three levels, where the top level represents the Categories of Media Demands 
as defined in the EBU Tech 3358 Media Storage Framework Model, thus representing categories of 
the most apparent different media storage challenges a broadcaster will meet. Each category will 
represent different demands and needs regarding workload, I/O-pattern, business continuity 
demands, management etc. 

To better understand each Category of Media Demands we need to take a closer look at their 
specific characteristics and provide detailed-enough descriptions so we – as an example – can see 
what the important differences are between categories like “Temporary/Scratch” and “Work in 
Progress”, and why it’s important to understand the differences.  

The method used in this document to express demands and needs are called Property Classes. 
Property Classes are defined sets of general characteristics and properties that help us to describe 
the actual business needs – linking business needs to storage demands. Property Classes form the 
middle level of Figure 2 above. The property classes will be the link between the business needs 
(as categorised in the top layer) and the actual storage solutions – the result of the property 
classification will give the information needed to provide good enough storage solutions for each 
business need/Category of Media Demands. 

Remember that when you can define the different (storage) demands in the workflow of your own 
production process, this will be a great help when communicating with vendors that are supposed 
to provide your future Storage service Solutions (level 3) – at reasonable costs. 

Note: This document is not intended to be a low level technical description to describe 
how Media Storage should be designed and built.  

The actual workload for most Categories of Media Demands will be very dynamic in its 
performance-demands and the workload pattern will be affected by parameters like the current 
production process, network & storage infrastructure, production hours, best case & worst case 
scenarios etc. There is no way to describe the real workloads in the theoretical static terms usually 
found in storage system specifications (I/O, transfer rate, seek time, delay etc.). However a 
structured descriptive definition of the multiple different needs/demands you have will be a great 
help to communicate your true operational needs to storage vendors and other Broadcasters. 
Sharing common structured information, working solutions and best practices between Broadcasters 
can be of great value when looking for rational and economic media storage solutions. 

5. The levels explained 

5.1 Top Level – Categories of Media Demands 

Different Categories of Storage 
As mentioned above the FSS Categories of Media Demands are chosen as generic examples (covered 
more in details below) from a generic media production workflow. The chosen categories are 
supposed to have relevance for most Broadcasters and each category will represent different stages 
of the media production workflow as well as different business needs and storage demands. The 
needs and demands are partly storage centric like workloads, I/O-patterns, performance, volume 
sizes etc., but the demands do also include often forgotten indirect qualities and properties 
addressing business continuity demands, management needs, environmental issues etc. The specific 
media storage needs will differ between the different Categories of Media Demands, and may call 
for different Storage service Solutions to keep costs at a reasonable level. The currently defined 
FSS Categories of Media Demands (from EBU Tech 3358) – the Top Level – are shown in Figure 3. 

http://tech.ebu.ch/docs/tech/tech3358.pdf�
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Figure 3: Examples of Categories of Media Storage Demands 

Since each production process and organisation is different it is recommended to consider what 
categories apply to your workflow – and, if needed, redefine, add or subtract categories to fit your 
specific business needs. 

5.1.1 FSS Categories of Media Demands 
Eight Categories of Media Demands for storage are currently identified by FSS. They correspond to 
different operational needs and workloads. In the scope of this project, only media specific 
categories are identified, although this system may be extended for non-media files (metadata, 
document sharing, application storage, etc.) as well. These categories are considered to provide a 
generic representation of media production and distribution processes for the purposes of grouping 
storage performance demands and they are not exhaustive. Organisations may require additional 
areas to be added or may not require all those listed here. Where new workflows are found to 
overlap these categories, the highest performance elements from each of the overlapping 
categories can be deemed to form the storage requirement for that workflow. 

5.1.2 Ingest / Import (Live capture / File import) 
Media storage, usually with integrated and/or distributed I/O-ports meant to capture live 
programmes or other live Audio and Video material for live transmissions or streaming that can be 
later used in production or for transfer to an archive. Ingest usually involves the capture of live SDI 
or IP streams into an appropriately specified area of a Work in Progress (WIP) or local storage area. 
It is essential to save important material and events that are considered as part of the national 
heritage (e.g. royal weddings, major concerts and national sporting events) and this process may be 
carried out simultaneously at the moment of ingest to produce backup recordings as required. 
Some organisations need to automate recordings of live programmes, i.e. triggering from play-out 
automation. File based production would import media files (from camera or remote storage for 
example) directly into the appropriate area for the workflow concerned most commonly arranged 
as a file transfer. 
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5.1.3 Playout 
Media Storage usually with integrated I/O-ports meant to playout / publish programmes to TV and 
Radio or as an Audio/Video stream. All the material will be transferred as files from the Production 
Library or from Production, Work in Progress (WIP) to playout servers. Material can be pulled by the 
playout automation from the Production Library as files to the playout servers. It can be an 
automation system complete with integral storage (channel-in-a-box) or automation with separate 
media server solutions. Streaming can be done in the same environment or in a separate instance. 

5.1.4 On Demand (or Audio and Video on Demand - AVOD) 
Audio and video content made available for viewing and listening on demand (streaming). Usually 
for consumption on personal computers, mobile devices or on TV sets (IPTV, Catch up TV). Media 
storage holds all the media content made available. In practice a hierarchical structure is used to 
sustain high volume streaming services, caching edge servers are used to provide faster access to 
the most used content and not to overload the main storage. 

Long-tail content (fewer viewings per item, but the total amount of viewings is significant) are 
directly served from the storage. In the same storage there can be multiple versions of the same 
content to offer alternative versions to users, depending on a user's bandwidth and CPU capacity. 
Additional versions can also be created on-the fly as requested. Streaming can be done via Content 
Delivery Network (CDN) services. Cloud or private storage can be used with CDN services. 

5.1.5 Work in Progress (WIP) 
Post-production is part of the video or audio production process and can use specific storage for its 
purpose. Proprietary solutions are frequently offered but are not necessary. It occurs in the making 
of motion pictures, television programmes, radio programmes, advertising, audio recordings, 
photography and digital art. It is a term for all stages of production occurring after the actual end 
of shooting and/or recording of the completed work. Post-production is many different processes 
grouped under one name. These typically include: Video editing, Writing, (re)recording, and editing 
the soundtrack, Adding visual special effects, Sound design, sound effects, audio mixing, Colour 
grading or correction, also audio or video play-out in production (i.e. studio environments). These 
production groups may well have “programme genre specific” production requirements so should 
be subdivided to meet the storage specification requirements of the workflows being supported. 

It should be remembered that in large production broadcast originations, the WIPs should be 
interconnected with shared infrastructure that must be able to handle the requirements to support 
the wide range of production demands necessary for the business. It may not be cost effective to 
base WIP specifications on the requirements of large production/broadcast originations of the 
highest performance programme genre. Therefore, subdividing WIP storage into structures that 
more efficiently support the specific workflows needed within appropriate cost constraints would 
be a likely approach. 

5.1.6 Proxy (Cache) 
This is intermediate media storage used for temporarily storing media files that are repeatedly 
requested due to their content or because they are currently needed in production. Cache storage 
facilitates fast access and delivery of such material (or at least a low resolution copy of it) to 
multiple users. When processing is finished or when the files are less requested they will be deleted 
from the cache storage or moved to long-term storage for preservation. Cache storage can be 
positioned at different system locations depending on its purpose, e.g. directly after Ingest/Inbox 
for fast access to new material, in the production and office network to serve as a browse cache or 
as part of an archive for fast response times on requested material. 

5.1.7 Temporary / Scratch 
This provides temporary local storage space (usually) for individual users working on a range of 
media and metadata files in current use for a particular element of the production workflow. The 
content of this area of storage usually comprises copies of files held elsewhere on the system to 
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allow fast access and manipulation of material by production tools such as, for example, craft 
editors. The output of any processes written to the scratch storage has also to be copied back into 
an appropriate, protected area of storage such as a production library, either regularly or at the 
end of a particular process. Scratch storage is not usually routinely backed up and is frequently 
located close to the individual processes being supported. 

5.1.8 Library 
This provides access to shared content in support of production. The content will be in a form 
compatible with current production practices. Storage network performance needs to be sufficient 
to sustain several concurrent users (dependent on the size of the organisation). Browse quality 
versions of content are held for searching and off-line editing. At least two copies of the content 
should be held for disaster recovery, unless there are also copies in the preservation archive. 
Content identified for long term retention is transferred to the Preservation Archive. The 
production Library should also hold a browse quality version of the content in the Preservation 
Archive. The Production Library and Preservation Archive can be thought of as being a single 
hierarchical system with user access through the Production Library, which is managed by 
professional archivists, who also manage the Preservation Archive. 

5.1.9 Preservation 
Digital preservation ensures continued access to digital information and records, especially over 
long periods of time. A file-based A/V Archive is therefore a collection of audio-visual assets – 
represented as digital files. An archive needs to ensure the care and the integrity of the collection 
and so it should be secure, trusted and managed. It should also provide means to search for and 
retrieve particular items in the collection in terms of their attributes; the items must be readable 
by the rest of the system. 

The Audio/Video content, along with associated metadata, can be regarded as a package, and 
there would need to be a basic set of metadata provided at the time of entry of the material into 
the archive collection so as to allow for the repair or rebuilding of search databases by scanning the 
archive files in the event of corruption or end of life search software. Content would be obtained 
through transfer from production (or the production library, if it exists). The content should be 
replicated, ideally by making three copies: master, copy and copy held in physically separated 
locations – the 3-2-1 Backup Rule. A short paper from the United States Computer Emergency 
Readiness Team (a part of the US Department for Homeland Security) describes the 3-2-1 Backup 
Rule and discusses some pros, cons and security issues with different storage media, including cloud 
services for storage and backup. 

Ideally, one of these copies must be in a different physical structure and again ideally, this format 
should store data in a continuous and uninterrupted block to enable the direct recovery of the 
preserved data. The content can remain in the current production standard while that standard is 
in common use. However, once the production standard becomes obsolete, then the content should 
be transcoded to a long-term archival format (either uncompressed or in a low compression ratio 
coded form). Content would then need to be transcoded to the new production format on delivery 
back to production. A particular need of a file-based archive is to ensure that the underlying 
technology which holds the data files does not prove to be the downfall of the collection. 

Data storage technology needs to be actively managed to ensure that the collection is retained and 
access provided as required over many years, with an integral migration policy in place for 
replacing unreliable and obsolete storage systems. The preservation storage network needs to be 
sufficient to allow content transferred in sufficient time to meet production schedules. The 
Production Library and Preservation Archive can be thought of as being a single hierarchical system 
with user access through the Production Library, which is managed by professional archivists, who 
also manage the Preservation Archive. 

 

http://www.us-cert.gov/�
http://www.us-cert.gov/�
http://www.us-cert.gov/security-publications/data-backup-options�
http://www.us-cert.gov/security-publications/data-backup-options�
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5.2 Middle level – Property Classes 

5.2.1 A holistic structure for defining demands 
A never-ending challenge is the definition of the needs of the media production business in terms 
that are applicable to the storage world – thus providing “good enough storage solutions at 
reasonable cost” for every business need. Too often, organisations have neither knowledge nor 
resources to analyse their true storage demands, and are therefore tailoring their storage solutions 
from a mix of old best practices and a wishful trust in vague promises about the coming of new 
high-tech storage products. The results can be anything but “good enough media storage solutions 
at reasonable cost” – especially in a holistic life cycle perspective, including the necessary extra 
costs and management actions needed during the system life cycles. 

The Property Classes represent a structure for defining the business needs in terms that can be 
more easily communicated within the organisation and to storage vendors. By defining the 
necessary properties from a holistic view, the structure of the Property Classes will also provide a 
valuable check list over important aspects that need to be considered when choosing storage 
solutions. 

As seen in Figure 4 the Property Classes not only address obvious direct aspects such as 
performance demands and volume sizes, but also less obvious, indirect aspects that have great 
impact on the total cost of operation. All the Property Classes are explained in more detail below. 

 

Figure 4: Media Storage Property Classes and sub-classes 

A Property Class can contain several sub-classes to achieve better granularity in the definition. As 
an example the property class Performance Classes have the sub-classes File Transfer, Random I/O, 
Streaming and Custom/Mixed – each representing different aspects and different workload patterns 
of the property Performance. 

A Property Class – or a property sub-class – contains Quality Levels like Bronze, Silver, Gold and 
Platinum. Bronze to Platinum will express the different levels of “quality” that can be provided 
within each property class. A higher quality level usually, but not necessarily always, include the 
demands of the lower levels, i.e. Quality Level Gold will most likely include all demands defined in 
Silver and Bronze, and add some new features, by adding extra demands/qualities to the lower 
quality level.  

If seen from the business need level (top → down), see Figure 5 below, the higher Quality Levels 
represent increasing business needs grouped as Bronze to Platinum demands. 
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If seen from the storage provider level (bottom → up), like the storage group in the IS/IT-
organisation of a company, the Quality Levels will represent different levels of storage services 
that the IS/IT-organisation can provide.  

In many organisations there is a great challenge in communicating business needs in terms that can 
be easily translated to storage demands that the IS/IT-organisation must meet with appropriate 
storage services and solutions. Using Media Categories with Properties and Quality Levels will help 
you overcome the quite common communication barrier between production (business needs) and 
IS/IT-organisation (storage services). 

 

Figure 5: Business needs have to be translated to storage services – and vice versa 

In most cases several business demands can be consolidated and met by few well configured and 
tuned storage solutions within the storage service provider organisation – i.e. a well designed 
storage solution can provide several different storage services. 

When originally defining the Quality Levels for the very first time, it’s essential to describe 
realistic business needs that can be reasonably met by the (internal or external) storage service 
provider.  

When the business have needs of levels of services that the IS/IT-organisation can’t yet provide, a 
review of the already defined levels might be necessary. Maintaining more than three to four 
Quality Levels per Property Class can be a challenging work, so it’s probably better to continuously 
redefine the existing Bronze to Platinum levels, rather than adding new levels like Platinum+ or 
Platinum++ when the business calls for higher demands. A corresponding situation will occur when 
new technologies can provide better storage services than those previously defined in the current 
Quality Levels. 
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5.2.2 A closer look at the Quality Levels – an example 
As mentioned, Quality Levels shall be defined and described according to the specific needs and 
requirements in the organisation, and reviewed, refined and redefined as needed in a continuous 
process. 

Figure 6 shows the structure of the Property Class Performance with sub-classes File Transfer, 
Random I/O, Streaming and Custom/Mixed, with the Quality Levels Bronze, Silver, Gold and 
Platinum.  

 

Figure 6: The structure of Property Class Performance with sub-classes and Quality Levels 

For media applications the actual performance demands are difficult (read; close to impossible) to 
describe in static numbers as in traditional technical specification sheets. The dynamic nature (as 
seen from the storage environment) of media production, calls for either deep technical workload 
analysis on the nuts & bolts level, or more descriptive definitions related to the actual media 
workflow. 

The first original Quality Levels for performance can be expressed as simple as different numbers 
of concurrent users working in a specific category of media demand (as defined in the top level) or 
numbers of instances of a specific application etc. 

The most important aspect is to start to describe what kind of storage workload your media 
production workflow will generate in real life. Starting in your current reality, maybe with help 
from your current storage vendor, try to get at least a rough picture of your media workload 
pattern during different operations and find out what Quality Levels are relevant for your 
organisation and workflow. 

Let’s look at a simple example, just covering one of the currently nine Property Classes; Property 
Class Performance Classes. The performance Quality Level needed for Category “Work in Progress” 
are very different from Category ”Temporary/Scratch” – a realistic sample could look something 
like this: 

"Work in Progress" 

- File Transfer; FT-Gold 
- Streaming; STR-Platinum 
- Random I/O; RIO-Gold 

 

"Temporary/Scratch" 

- File Transfer; FT-Bronze 
- Streaming; STR-Bronze 
- Random I/O; RIO-Bronze 
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Providing a storage solution for “Temporary/Scratch” with the performance Quality Levels aimed 
for “Work in Progress” will probably be a huge waste of money (good storage at not at all 
reasonable costs). Including other Property Classes (like Access & Availability Grades, Management 
and Backup & Recovery Policies) will reveal an even greater waste of money by providing a “Work 
in Progress” storage solution for “Temporary/Scratch” storage needs. Doing the opposite; providing 
”Temporary/Scratch” storage for “Work in Progress” needs will result in a solution that is cheap to 
buy but with insufficient capabilities to do the job. 

Figures 7 and 8 illustrate the media storage categories “Work in Progress” and 
”Temporary/Scratch” with all Property Classes and corresponding Quality Levels according to the 
example above. When you later take a second look at these examples, please have the Quality 
Level descriptions from the next section “Property Classes and Quality Levels” in mind. 

 

Figure 7: Example of business demands for a WIP storage solution 

 

 

Figure 8: Example of business demands for a Temporary/Scratch storage solution 

The more you learn about your media storage environment the more you will be able to refine the 
descriptions of your relevant Quality Levels. 

The actual concrete definitions of the characteristics and properties within each Property Class will 
differ between different organisations and production environments – there is no one-size-fits-all-
solution (unless your budget is close to unlimited – and if so, you really don’t need the mantra of 
this paper anyway). This document will give some advices and examples of how the different FSS 
Media Storage Demands and Property Classes can be defined. Please note that only you know (or 
can find out) the actual demands of your own production process and organisation. 

The Definitions that follow are provided as possible examples only! 
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5.3 Property Classes and Quality Levels 

Basic descriptions and a Beginners guide to Quality Level definitions 

5.3.1 Performance Classes 
Related Storage Costs from the Checklist; Performance, Backup & Restore and Disaster 
Recovery labour, Backup infrastructure, Risk with Backup & Restore windows, SAN & LAN 
infrastructure, “Dark storage space”, RTO & RPO 

 

This Property Class is divided in sub-classes since “Performance” is a relative concept depending on 
the current conditions that define the aspects that need to be performed. Typically we have three 
main types of workloads – File Transfer, Random I/O and Streaming – that challenge a media 
storage solution in different ways, and that need attention when we are designing and tuning for 
best performance. There is also a fourth type of workload – Custom/Mixed – that is an ‘unknown’ 
mix of the others. 

In real life we often have workloads that are a mix between different types of workloads. A storage 
solution for the Storage Category “Work in Progress” (WIP) must be able to handle that media files 
are copied to and from the storage while streaming takes place. As the number of users for the 
WIP-storage increases, the I/O from network infrastructure to storage solution will look more and 
more random. How the actual I/O to the physical disks will look like is very much dependant on the 
system design – where the disk controller (or corresponding function) plays a very important role. 
The more intelligence and capacity the controller function will have in reorganising and structuring 
data for efficient reading and writing, the more reliable the storage solution can be.  

Remember that foreseeable situations like failing disks (spinning disks as well as solid state 
storage), routine system maintenance (hardware and software updates/upgrades), normal system 
management (configuring and deploying storage resources) and data backup can have great 
negative impact on the storage system performance – and should be included in any performance 
assessment procedure. 

Performance assessment can well be done using the Media Storage Meter, described in 
EBU Tech 3362, in a controlled test environment, creating a realistic workload (and workload 
pattern) reflecting both a “typical day at work” and peak workload situations. By simulating failing 
disks, disk replace and disk rebuild you will be able to get a good picture of the possible 
consequences of a failing disk during production hours. Doing the same reality check with 
maintenance and management actions, as well as data backup, will show what planned systems 
maintenance, systems management and data backup that can be done during peak/production 
hours and what actions need to be scheduled for non-production time or planned downtime. 
Management actions, like replacement of faulty components, that have to be scheduled, and thus 
are delayed, can increase the risk of data loss and system unavailability. 

As you see, this procedure will include and interact with several Property Classes; Performance 
Classes, Access & Availability Grades, Systems Management and Backup & Recovery Policies. 

An insidious worst case workload scenario for a disk controller can occur when the internal cache 
and/or processing capacity slowly can’t keep up with an over time increasing workload (maybe due 
to a failing disk in a heavily used volume/RAID group – a storage hot spot). The result will be similar 
to a juggler that at last gets too many balls to juggle. For WIP-storage a saturated disk controller is 
a disaster that occasionally risk to stop all I/O until the controller is either reset or by other means 
manages to clear the overloaded buffers etc.  

A saturated disk controller means a great risk for data loss and data corruption. 

Try to find actual examples from your own organisation where the dominant I/O-patterns 
correspond respectively to; File Transfer, Random I/O, Streaming or Custom/Mixed. A deeper 
understanding of the actual workloads can be found through performance monitoring and health 
checks in your storage environment – a task that usually involves expertise from the storage 

http://tech.ebu.ch/docs/tech/tech3362.pdf�
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vendor(s). 

5.3.2 Performance sub-classes: 
Below are some broad and generalised examples to illustrate the type of figures that will need to 
be estimated for media production infrastructure in order to apply a meaningful scale to its 
workflow requirements across the organisation concerned. 

 

File Transfer – is a workload where file copy is the dominant activity, giving a more sequential I/O-
pattern. Depending on organisation and workflow, the file sizes can vary from small documents to 
very large media projects. File Transfer (FT) can be defined thus: 

Example: Average multi-channel broadcaster 
• FT-Bronze “Small Site” (up to 100 users home directories) 
• FT-Silver “Medium Site” (up to 500 users home directories) 
• FT-Gold “Large Site” (up to 2000 users home directories) 
• FT-Platinum “Enterprise use” (2000+ users mixed file area) 

Example: Large multi-channel broadcasters 
• FT-Bronze “Small Site” (up to 200 users home directories) 
• FT-Silver “Medium Site” (up to 600 users home directories) 
• FT-Gold “Large Site” (up to 3000 users home directories) 
• FT-Platinum “Enterprise use” (6000+ users mixed file area) 

 

Random I/O – where data is read and written more or less randomly (from the storage perspective). 
A database is a typical workload that creates random I/O. Heavily virtualised environments with 
multiple layers of virtualisation, like virtual data centres, will also create very unpredictable I/O-
patterns. Latency can be a particular issue here. Random I/O (RIO) can be defined thus: 

• RIO-Bronze Media-production database (low IOPS with requirement for low latency) 
• RIO-Silver Internal Content Management 
• RIO-Gold Content Management for corporate web site 
• RIO-Platinum External facing corporate web services (very high IOPS) 

 

Streaming – the media specific workload that often challenges traditional storage solutions the 
most, especially if the workload is a combination of play and record (streaming read and write). 

The nature of the streaming audio/video data is very different from the typical office applications 
used by common office workstations. 

An audio/video workstation playing an audio or video file from the server’s storage system, via the 
network, will represent a workload that can be considered as isochronous. An isochronous 
transmission is time-dependant in the meaning that the data must be delivered within certain time 
constraints – latency fluctuation. This is a very challenging workload for a storage system, 
especially if isochronous workloads haven't been considered during the system design. If the latency 
would be constant all the time we would have a so called real time system, by definition, and a 
system well-adapted for streaming audio and video. In reality the latency will be affected by the 
whole information infrastructure from storage media to the audio/video cards in the workstations. 

The speed of the data that is fed to the audio and video cards must be constant within certain 
defined time constraints (the buffer time of the actual audio/video cards). If some data arrives too 
late – the latency fluctuation is increased beyond the allowed limits – there will be dropouts in the 
sound, staggering in the picture, or other anomalies. Even if we have a very fast storage solution 
and information infrastructure, we still can’t feed data faster to the audio and video cards than 
they can handle the data – and convert digital data to analogue audio that can be listened and 
video that can be viewed. So the challenge is less about absolute speed and more about keeping 
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the latency fluctuations within the limits that the audio/video workstations can handle – at any 
time. Streaming (STR) can be defined thus: 

Generalised example of a small/medium multi-channel broadcaster 
• STR-Bronze “Small Site” (up to 20 simultaneous users mixed streaming workload 

@ x Mbit/s) 
• STR-Silver “Medium Site” (up to 50 simultaneous users mixed streaming workload 

@ x Mbit/s) 
• STR-Gold “Large Site” (up to100 simultaneous users mixed streaming workload 

@ x Mbit/s) 
• STR-Platinum “Enterprise Site” (more than 100 simultaneous  users mixed streaming 

workload @ x Mbit/s) 

Generalised example of a large multi-media, multi-channel broadcaster 
• STR-Bronze “Small Site” (up to 100 simultaneous users mixed streaming workload 

@ x Mbit/s) 
• STR-Silver “Medium Site” (up to 500 simultaneous users mixed streaming workload 

@ x Mbit/s) 
• STR-Gold “Large Site” (up to1000 simultaneous users mixed streaming workload 

@ x Mbit/s) 
• STR-Platinum “Enterprise Site” (more than 1000 simultaneous users mixed streaming 

workload @ x Mbit/s) 
 

Custom/Mixed – this sub-class covers applications and tools that have a design that makes it 
impossible, from a storage perspective, to separate out the different types of I/O (i.e. File 
Transfer, Random I/O and Streaming) to different volumes. Custom/Mixed (CM) can be defined 
thus: 

• CM-Bronze "Small Site” Collaboration platform/SharePoint 
• CM-Silver "Large Site” Collaboration platform/SharePoint 
• CM-Gold "Large Site” Collaboration platform/SharePoint 
• CM-Platinum "Enterprise Site” Collaboration platform/SharePoint with media content 

 

5.3.3 Performance Scalability – headroom 
Related Storage Costs from the Checklist; Performance, Backup & Restore and Disaster 
Recovery labour, Backup infrastructure, Risk with Backup & Restore windows, SAN & LAN 
infrastructure, RTO & RPO 

 

This parameter describes how much headroom in performance (due to increased number of users, 
new formats and services etc.) that will be needed during the (expected) technical life cycle of the 
storage solution – with focus on the workload described under Performance sub-classes above. 

Performance Scalability (PScal) can be defined thus: 

• PScal-Bronze   No Headroom needed 
• PScal-Silver   50% Headroom needed 
• PScal-Gold   100% Headroom needed 
• PScal-Platinum   200% Headroom needed 
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5.3.4 Volume Size Grades  
Related Storage Costs from the Checklist; Software, Backup & Restore and Disaster Recovery 
labour, Backup infrastructure, Risk with Backup & Restore windows, Migration and Remastering, 
Floor Space & Loading, Waste of space, “Dark storage space”, Duplicate data, Storage growth, 
RTO & RPO 

 

The volume size grades are very dependent on the type of organisation and operation – like video 
vs. audio. The Bronze level can also be seen in a perspective where the Storage Categories include 
non-media storage, like a database or log files which are a part of the production environment. Try 
to find the different typical volume size levels that you have today and that the storage admins 
have to manage and provision. It is important to understand that storage volumes may be 
distributed across more than one location depending on the access required. 

Note that above a certain volume size grade, the impact on the conditions for backup & recovery 
can be severe and very large volumes can also have an impact on the specified life-cycle 
properties. Long term storage volume grades that may, for instance, be specified for typical media 
organisations operational archive, will require a relatively large initial capacity to cover legacy 
material. This initial “base volume” grows over time to meet the requirement of new content for 
the expected lifetime of the facility and these requirements may well have an impact on the 
chosen solution, particularly in extreme cases. Volume Size Grades (Size) can be defined thus: 

Generalised examples for an average multi-channel radio broadcaster 

• Size-Bronze  Up to 5 TB 
• Size-Silver  5 TB to 50 TB 
• Size-Gold  Long Term Storage 50 TB to 200 TB 
• Size-Platinum  Long Term Storage/Archive 200 TB+ 

 

Generalised examples for a large multi-media multi-channel broadcaster 

• Size-Bronze  Up to 1 PB 
• Size-Silver  1 PB to 10 PB 
• Size-Gold  Long Term Storage 10 PB to 100 PB 
• Size-Platinum  Long Term Storage/Archive 100 PB increasing at 1% per year 

 

5.3.5 Volume Scalability  
Related Storage Costs from the Checklist; Software, Backup & Restore and Disaster Recovery 
labour, Backup infrastructure, Risk with Backup & Restore windows, Migration and Remastering, 
Floor Space & Loading, Waste of space, “Dark storage space”, Duplicate data, Storage growth, 
RTO & RPO 

 

Scalability in both volume and performance are important factors for the system design of a storage 
solution. Scaling up volumes can easily affect the performance – especially if the original design 
didn’t consider future volume growth. Try to use your experience, personal crystal ball and advices 
from colleagues to predict the volume growth that is most likely to happen during the life cycle. 

Volume Scalability (VScal) can be defined thus: 

• VScal-Bronze Less than 10% per year 
• VScal-Silver 10% to 50% per year 
• VScal-Gold More than 50% per year 
• VScal-Platinum "Infinite scalability" (Cloud-like distributed object storage or similar) 
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5.3.6 Access & Availability Grades 
Related Storage Costs from the Checklist; Storage Management & Monitoring labour, Backup & 
Restore and Disaster Recovery labour, Backup infrastructure, Risk with Backup & Restore 
windows, SAN & LAN infrastructure, Migration and Remastering, Power and Cooling, “Dark 
storage space”, Duplicate data, Storage growth, RTO & RPO, Planned downtime, Unplanned 
downtime (hardware, software, people and process related), RTO & RPO, Data loss, Setup time 
and complexity 

This is the umbrella term for both how the storage is accessed (by whom, from where, when) and 
how high system and service availability that is needed. System availability refers to the system 
design – mainly hardware – and service availability refers to the storage service, including means 
for protecting data integrity. For everyday production needs, data protection is mostly about 
hardware redundancy, internal housekeeping routines and error handling. When large amounts of 
data are to be stored for long times – like the category “Preservation” – data integrity becomes a 
much hotter topic. Suddenly the durability of the physical media, effects of cosmic radiation, how 
data is accessed etc. become factors that affect the stored bit-patterns. In this case specific higher 
level routines and techniques need to be implemented for checking and correcting the stored data.  

For a large organisation with a lot of subsidiaries the variation between different sites and services 
can be substantial, and may need further differentiation like, Central Access & Availability Grades 
and Local Access & Availability Grades. 

Remember that high Access & Availability Grades will generate demands on other Property Classes 
(like Performance, Performance Scalability, Volume Scalability, Storage Management and Backup & 
Recovery Policies) necessary for providing the expected storage services. For a 24/7 * 365 storage 
service, foreseeable situations like failing disks, routine system maintenance and normal system 
management etc. are not supposed to interrupt the demanded storage service. If this is the case 
the system architecture needs to be redesigned. It is recommended that high Access & Availability 
Grades include recurring risk assessments, describing the business impact of conditions that can 
affect the access and availability of the storage service – and the storage costs involved. 

Access & Availability Grades (AAG) can be defined thus: 

• AAG-Bronze Office hours ("Weekdays 9:00 - 17:00") general non mission critical service 
• AAG-Silver “Small Site to Medium Site” production hours ("05:00 - 19:00") local mission 

critical services during production hours 
• AAG-Gold “Large Site” production hours (24/7 * 365 with maintenance windows) 24/7 

mission critical service 
• AAG-Platinum “Enterprise” “100%” availability from all sites 

 

5.3.7 Storage Management  
Related Storage Costs from the Checklist; Software, Hardware Maintenance, Software 
Maintenance, Storage Management & Monitoring labour, Backup & Restore and Disaster Recovery 
labour, Backup infrastructure, Risk with Backup & Restore windows, SAN & LAN infrastructure, 
Migration and Remastering, Waste of space, “Dark storage space”, Duplicate data, Storage 
growth, RTO & RPO, Planned downtime, Unplanned downtime (hardware, software, people and 
process related), RTO & RPO, Data loss, Setup time and complexity 

 

Management of the storage resources can be a tedious, shaky and time consuming task if sufficient 
management tools are missing. For the small organisation with a fairly static storage environment 
the basic ‘free of charge’ management tools included at procurement may be sufficient, but for 
larger organisations good storage management requires good storage management tools.  

Good storage management tools cost money, obvious but sometimes overlooked costs that are most 
apparent when introducing a new storage management solution or when major upgrades are 
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necessary. To squeeze in the cost of sufficient management tools in tight storage acquirement 
budgets, can be a tough challenge in many organisations. Managing storage without proper tools 
usually creates uncontrolled hidden costs (labour costs, slow resource provisioning etc.) and risks 
(poor systems management, mistakes etc.) that with a holistic view might end up as an even more 
expensive alternative. 

The Property Class “Storage Management” is aimed as a help to include storage management needs 
and demands as a natural part of the storage procurement process.  

Rather than letting The Property Class “Storage Management” concern specific management 
standards (CIM, SMI-S, SNMP, etc.) or nut & bolts-functionality, the property class takes a high level 
approach from the perspective of the storage administrator:  

Imagine the storage admin, trying to work as efficiently as possible (while minimising errors) under 
a stressful situation at work – then smooth integration of new storage solutions and working (on) 
with known management tools become important values or quality factors – and a key contributor 
to limit costs for Storage Management & Monitoring labour. 

The Quality Levels of Storage Management describe how ‘easy’ and how ‘economical’ new storage 
solutions can be integrated in the current environment – which is an important aspect when 
negotiating with storage vendors. Storage Management (SM) can be defined thus: 

• SM-Bronze The storage solutions do not need to be managed centrally or included in 
any existing management solution(s). This could include the need for new or 
separate management solutions for this specific need. 

• SM-Silver The storage solutions only need to be included with limited/basic 
functionality in the existing management solution(s), with or without extra 
costs. The current management solution(s) is/are XYZ and have the 
following demands on storage solutions to achieve full manageability: 
[Brands/Models], [Protocols], [etc.]. The functionality provided must 
include the following: {Description of absolutely needed managing 
functionality}  

• SM-Gold The storage solutions need to be fully managed within the existing 
management solution(s) and extra costs (typically licensing, software agents 
etc.) will apply to make this possible. The current management solution(s) 
is/are XYZ and have the following demands on storage solutions to achieve 
full manageability: [Brands/Models], [Protocols], [etc.]’ 

• SM-Platinum The storage solutions can be fully managed within the existing management 
solution(s) at no additional cost. The current management solution(s) is/are 
XYZ and have the following demands on storage solutions to achieve full 
manageability: [Brands/Models], [Protocols], [etc.] 

5.3.8 Backup & Recovery Policies 
Related Storage Costs from the Checklist; Software, Backup & Restore and Disaster Recovery 
labour, Backup infrastructure, Backup media, Risk with Backup & Restore windows, Duplicate 
data, Storage growth, Planned downtime, Unplanned downtime (hardware, software, people and 
process related), RTO & RPO, Data loss, Setup time and complexity 

 

Backup & Recovery policies are (supposed to be) quite detailed documents describing how backup 
and recovery will be performed with perspective to the business needs. If an organisation already 
has existing, updated and working policies that include Backup Windows, Recovery Time Objective 
(RTO), Recovery Point Objective (RPO) and Retention Time etc. – try to use them, and group them 
in corresponding Quality Levels. If your organisation just has an obscured mass/mess of ad hoc-
policies that are impossible to take in – this is a challenge to start dealing with ASAP. The examples 
below are only very brief and are more to be considered as pointers to the real policies. 

http://en.wikipedia.org/wiki/Recovery_time_objective�
http://en.wikipedia.org/wiki/Recovery_point_objective�
http://en.wikipedia.org/wiki/Glossary_of_backup_terms�
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Backup & Recovery Policies (BRP) can be defined thus: 

• BRP-Bronze Full Backup every other week, see complete B&R Policy; Bronze 
• BRP-Silver Full Backup every week – incremental every day, see complete B&R Policy; 

Silver 
• BRP-Gold Full Backup every day – incremental every hour, see complete B&R Policy; 

Gold 
• BRP-Platinum Continuous data protection (CDP)/Backup free, see complete B&R Policy; 

Platinum 

5.3.9 Environmental & Energy Aspects  
Related Storage Costs from the Checklist; Performance, Hardware depreciation, 
Decommissioning, Backup infrastructure, Backup media, SAN & LAN infrastructure, Migration and 
Remastering, Power and Cooling, Floor Space & Loading, Waste of space, “Dark storage space”, 
Duplicate data, Storage growth, Setup time and complexity 

 

Environmental and energy aspects on storage solutions can be valued from different perspectives, 
from compulsory compliance to national and/or EU legislation, to totally voluntary choices for a 
‘better cause’. The Property Class Environmental & Energy Aspects will address three perspectives; 
Compliance to legislation, Economic incentives and Idealistic incentives. 

A) Compliance to legislation: Conforming to legislation is of course compulsory. Within the 
European Economic Area (EEA) there are several legislations, and proposed legislations, 
regarding environmental aspects that will affect media storage equipment. Restriction of 
Hazardous Substances in Electrical and Electronic Equipment (ROHS 2), Waste Electrical and 
Electronic Equipment Directive (WEEE), Batteries Directive and Ecodesign requirements for 
computers and computer servers are examples of legislations that must be met when 
applicable. The new Energy Star Data Center Storage Specification is not legislative in 
Europe but will likely influence coming EU legislations. 

B) Economic incentives: The cost of energy and cooling are clear incentives to invest in low 
power consumption and effective cooling and climate control when choosing new storage 
solutions. The cost of power and cooling can easily exceed the price of procurement both 
for servers and storage systems – choosing energy efficient solutions can be an important 
cost saver. Being prepared for expected future taxes or legal restrictions regarding 
environmental impact and energy consumption can also be a wise investment. For some 
Broadcasters carbon taxes and limited availability of power from the grid, are already 
factors to take into account when investing in new IT solutions. EU Data Centre Code of 
Conduct is a voluntary programme aimed to “…inform and stimulate operators and owners 
to reduce energy consumption in a cost-effective manner without hampering the critical 
function of data centres.” 

C) Idealistic incentives: In IT, many initiatives communicating higher than usual business 
ethics have also been proven to make long term economic sense – but the driver have 
usually been to follow the code of ethics of an organisation or a company. Showing 
environmental awareness like reducing greenhouse gas emissions and waste, can also give 
goodwill and reputational benefits improving employee recruitment and retention. In 
economic terms this will probably be soft costs that can lead to both soft and hard savings.   

Environmental & Energy Aspects (EEG) can be defined thus: 

• EEG-Bronze Full Compliance to EEA legislations; ROHS2, WEEE, Batteries Directive, 
Ecodesign requirements.  

• EEG-Silver Full Compliance to EEA legislation; ROHS2, WEEE, Batteries Directive, 
Ecodesign requirements + Energy Star and energy aspects with economic 
incentives with shorter payback periods (can be related to life Cycle 
Management). 

http://en.wikipedia.org/wiki/Continuous_data_protection�
http://www.efta.int/eea/eea-agreement�
http://ec.europa.eu/environment/waste/rohs_eee/legis_en.htm�
http://ec.europa.eu/environment/waste/rohs_eee/legis_en.htm�
http://ec.europa.eu/environment/waste/weee/index_en.htm�
http://ec.europa.eu/environment/waste/weee/index_en.htm�
http://ec.europa.eu/environment/waste/batteries/�
http://www.eceee.org/ecodesign/products/personal_computers�
http://www.eceee.org/ecodesign/products/personal_computers�
https://www.energystar.gov/products/specs/data_center_storage_specification_version_1_0_pd�
http://iet.jrc.ec.europa.eu/energyefficiency/ict-codes-conduct/data-centres-energy-efficiency�
http://iet.jrc.ec.europa.eu/energyefficiency/ict-codes-conduct/data-centres-energy-efficiency�
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• EEG-Gold Full Compliance to EEA legislation; ROHS2, WEEE, Batteries Directive, 
Ecodesign requirements + Energy Star and energy aspects with economic 
incentives with longer payback periods. 

• EEG-Platinum Full Compliance to EEA legislation; ROHS2, WEEE, Batteries Directive, 
Ecodesign requirements + Energy Star and energy aspects with economic and 
idealistic incentives with undefined payback periods. 

 

5.3.10 Life Cycle Management  
Related Storage Costs from the Checklist; Hardware depreciation, Decommissioning, Backup 
media, Migration and Remastering, Power and Cooling, Floor Space & Loading, Floor Space & 
Loading, Waste of space, Duplicate data, Storage growth, Planned downtime 

 

There can be a few different approaches or perspectives on the term Life Cycle Management. The 
Property Class Life Cycle Management is therefore divided in four sub-classes; Technical Life 
Cycle, Economical Life Cycle, Service Life Cycle and Information Life Cycle. 

5.3.11 Life Cycle Management – sub classes 
The Technical Life Cycle is the life cycle of the technical solution or its components, and includes 
actions needed to decommission the technical solution (or some of its components), or upgrade, 
renew and replace the solution (or some of its components) to continue to meet the expected 
demands. When the Technical Life Cycle is shorter than the life cycle of the service or the stored 
information there will probably be need for migration and/or re-mastering of the stored 
information. 

Technical Life Cycle Management (TLM) can be defined thus: 

• TLM-Bronze Technical life cycle is expected to be short, compared to the other life 
cycles. The foreseeable future is expected to include actions and costs 
related to aspects as considerable decommissioning, hardware/software 
renewal/replacement, major data-migration and/or re-mastering. 

• TLM-Silver Technical life cycle is expected to be shorter than the service and/or 
information life cycles. The foreseeable future is expected to include 
actions and costs related to aspects as reasonable decommissioning, 
hardware/software upgrades, minor data-migration and/or re-mastering. 

• TLM-Gold Technical life cycle is expected to in par with many of the other life cycles. 
The foreseeable future is not expected to include actions and costs related 
to decommissioning, hardware/software renewal/replacement, data-
migration and/or re-mastering. Hardware and/or software upgrades and 
costs may apply. 

• TLM-Platinum Technical life cycle is expected to be longer than many of the other life 
cycles. The foreseeable future is not expected to include actions and costs 
related to decommissioning, hardware/software renewal/replacement, 
data-migration and/or re-mastering – unless motivated by the economical 
life cycle. 

 

The Economical Life Cycle can be seen as just the planned economical depreciation of the 
procurement costs, but since new technologies tend to offer more for less, there can be strong 
economic incentives to replace storage equipment ahead of the end of the technical life. The 
expected economical life cycle can be shortened or prolonged as a result of factors like market 
price erosion, changed SLAs, previously unknown license costs, monetary fluctuations or 
revaluation of the storage services. 

Note that a shortened economical life cycle can be caused both by market price erosion (i.e. to end 
the life cycle will lower costs) and unexpected extra costs (i.e. to end the life cycle will stop 
increasing costs). 
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Economical Life Cycle Management (ELM) can be defined thus: 

• ELM-Bronze Economical life cycle is unpredictable or unknown. 
• ELM-Silver Economical life cycle is expected to be shorter than the technical life cycle. 
• ELM-Gold Economical life cycle is expected to be in par with the technical life cycle.  
• ELM-Platinum Economical life cycle is expected to be in par with the technical life cycle, 

and cover both service life cycle and information life cycle. 
 

The Service Life Cycle can be hard to define as a specific amount of time, but can be illustrated 
by the simple question “Is this service just temporary or is it eternal?” which highlights the 
importance of distinguishing between “short term/temporary services” and “long term/eternal 
services”. When the life cycle of the specific service exceeds the expected life cycle of the 
technical solution, the architecture of the storage solution need to be prepared for necessary 
migration and replacement actions in accordance with the SLA (or equivalent) of the service. If a 
service will have a life cycle that exceeds several generations of technical (storage) solutions, it 
can be seen as ‘eternal’ – which means that proactive life cycle management would plan for 
continuous migration between platforms and if necessary also re-mastering or reformatting of the 
stored information. 

Service Life Cycle Management (SLM) can be defined thus: 

• SLM-Bronze Service life cycle is unpredictable or unknown 
• SLM-Silver Temporary or short term service – life cycle is sharply shorter than the 

technical life cycle 
• SLM-Gold Service life cycle is expected to be in par with, or slightly shorter than, the 

technical life cycle 
• SLM-Platinum Service life cycle is expected to be longer than the technical life cycle 

 

Information Life Cycle is a well-known concept within the ‘storage world’ with term Information 
Lifecycle Management (ILM). ILM comes in many flavours and sizes (a Google search on Information 
Lifecycle Management gives more than 25 million hits) but a deeper look at ILM is out of scope of 
this document. However, the topic has a basic relevance for the reasoning in this document since 
the concept of Categories of Media Storage Demands is based on the fact that during the 
production process the information moves, changes and transforms between different steps in the 
production process. From a storage perspective, the Information Life Cycle starts with the first step 
in the recording or creation process, and ends when the information is either deleted or archived. 
Media archiving can be seen as a last (eternal) step in the life cycle or the first step in a new media 
archive life cycle, depending on how deep and granular the life cycle management is. 

Important insights for the Broadcasters are that during its life cycle information will move between 
different storage solutions (different media and/or demands) and the value of the stored 
information will change during this process. Entering the world of object storage – like online 
archives or cloud storage – offers (and sometimes requires) custom metadata describing how the 
stored information (like media files) should be treated and accessed during their lifetime. Proactive 
life cycle management will acknowledge the different requirements and help in providing the most 
sufficient storage solution throughout the information’s life cycle. 

When the Information Life Cycle exceeds the Service Life Cycle and/or the Technical Life Cycle 
there will probably be a need for migration and if necessary also re-mastering or reformatting of 
the existing information. 

Information Life Cycle Management (ILM) can be defined thus: 

• ILM-Bronze Information life cycle is unpredictable or unknown 
• ILM-Silver Information life cycle is shorter than the service life cycle 
• ILM-Gold Information life cycle is in par with the service life cycle  
• ILM-Platinum Information life cycle is longer than the service life cycle 

http://en.wikipedia.org/wiki/Information_life_cycle_management�
http://en.wikipedia.org/wiki/Information_life_cycle_management�
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Whether we realise it or not, the different types of Life Cycles are affecting our storage 
environment – and need some kind of management (see Figure 9). 

A proactive approach will make Life Cycle Management a natural part of our strategic planning and 
long term decisions. A more reactive or a neglectful approach to the Life Cycle issues can be seen 
as random management or management by coincidence; nevertheless, when the technical solution 
or service or information end their lives somebody needs to do something, and somebody will 
probably need to pay to make it happen. 

 

Figure 9: Example of the different Life Cycles for a storage solution providing 
a time limited service creating information that needs to be preserved 

6. Storage and Economics – part 2 

Features & Costs – a question of balance 
We have now penetrated the nature of storage costs, and got some insights about the difference 
between costs and prices. Among all the different types of costs described in the Storage Cost 
Checklist there are probably some that are relevant enough to help you create your own Storage 
Cost Checklist, for your organisation – a good start for making wise decisions and reducing the costs 
of owning and operating your storage.  

We have also had a chance to look at storage needs and features from a holistic view. First by using 
the Categories of Media Storage Demands, describing categories of media business needs from a 
storage perspective, and secondly by drilling the business needs down to Property Classes that give 
a structure for describing and defining the properties the storage service solutions must provide – 
including indirect demands and services. 

There are relations between storage costs and storage features, and sometimes ‘expensive’ 
features can turn out to be true cost savers – and vice versa. The most obvious related 
dependencies between storage costs and storage properties have been mentioned in the text – in 
the Storage Cost Checklist as related Property Classes for each type of cost, and in the section 
covering Property Classes as related Storage Costs for every Property Class. 

6.1 The Storage Costs vs. Property Classes Table 
The following table will give a better view of the interrelation between different types of storage 
costs and different types of storage properties. You can see what costs are related to what storage 
properties and also which properties that can drive costs (up or down). Two typical examples can 
be the Property Classes ‘Volume Size Grades’ and ‘Volume Scalability’ that share many types of 
costs as seen in the table. Keeping the volume sizes as low as possible (without affecting the 
storage services in a negative way) can limit software costs that are licensed relative to the size of 
storage volumes, including backup licenses. As seen in the table, many other soft and hard costs 
are probably also limited / affected by efficient use of the storage space i.e. keeping the volume 
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sizes low.  

If volume demands increase, the property ‘Volume Scalability’ becomes important. Depending on 
technical solutions and license models there can be costs related to the possibility of scaling (up) 
volumes, even if the feature is not made use of. Lack of scalability can on the other hand turn out 
to be very costly when volume demands increase beyond the scalability potential.  

Another example is the Property Class ‘Storage Management’ that cuts like spear through almost all 
types of Storage Costs – the difference between efficient and insufficient storage management will 
affect more than 70% of the types of costs in the Storage Cost Checklist. 

Knowing your realistic storage needs and knowing your major storage costs are essential to balance 
features and costs – thus succeeding the quest for “good enough storage solutions at reasonable 
costs”. Remember; this is not “The Truth”, but some useful models, structures and examples that 
you can choose to use as you will, if they work for you and your organisation. 

And most important: Think Big, start small – and act now! 
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Storage Costs vs. Property Classes 
Property 
Classes Performance 

Classes 
Performance 

Scalability 
Volume Size 

Grades 
Volume 

Scalability 

Access & 
Availability 

Grades 

Storage 
Management 

Backup & 
Recovery 
Policies 

Environmental 
& Energy 
Aspects 

Life Cycle 
Management Storage Costs 

 

Performance X X      X  
Hardware depreciation 
after procurement or 

lease 
       X X 

Decommissioning        X X 
Software   X X  X X   

Hardware Maintenance      X    
Software Maintenance      X    
Storage Management & 

Monitoring labour     X X    

Backup & Restore and 
Disaster Recovery 

labour 
X X   X X X   

Backup infrastructure X X   X X X X  
Backup media   X    X X X 

Risk with Backup 
& Restore windows X X X X X X X   

SAN & LAN 
infrastructure X X   X X  X  

Migration and 
Remastering   X X X X  X X 

Power and Cooling     X   X X 
Floor Space & Loading   X X    X X 
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Storage Costs vs. Property Classes 
Property 
Classes Performance 

Classes 
Performance 

Scalability 
Volume Size 

Grades 
Volume 

Scalability 

Access & 
Availability 

Grades 

Storage 
Management 

Backup & 
Recovery 
Policies 

Environmental 
& Energy 
Aspects 

Life Cycle 
Management Storage Costs 

 

Waste of space   X X  X  X X 
“Dark storage space”   X X X X  X  

Duplicate data   X X X X X X X 
Storage growth     X X X X X 

Planned down time    X X X X  X 
Unplanned down time 
(hardware & software 

related) 
    X X X   

Unplanned down time 
(people & process 

related) 
    X X X   

RTO & RPO 
(Recovery Time 

Objective & 
Recovery Point 

Objective) 

X X X X X X X   

Data loss X X X X X X X   
Setup time and 

complexity     X X X X  

(Procurement)          
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Annex 1 – “Acme Broadcasting Corp” 
An example of Property Classes and Quality Levels for all eight Categories of Media Storage 
Demands applied to a “dummy Broadcaster”.  
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