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Summary
This investigation is an exploration of possible business cases for data centers as a
result of smart grid developments in the Netherlands for Green IT Amsterdam Region
and Agentschap NL.
What is sometimes described as ‘the Amsterdam data center sector’, consists of a
variety of companies and organizations, mainly based in the greater Amsterdam region.
The following figure provides an overview from an energy point of view of the sector
and its ecosystem.
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The Dutch electricity grid has an excellent quality within Europe, second to only
Germany. National power consumption equaled 120 TWh in 2012. Compared to
European standards the share of renewable electricity is relatively low, with 6%
originating from biomass and 4% from wind power.
Electricity prices for the next five years are foreseen to be relatively low: less than 50
€/MWh on average. This is partly due to the current power production overcapacity.

NL electricity prices historic [APX] and future [Endex]
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Driven by EU climate policy and cost reductions, renewable power production is
expected to represent ±45% of installed European power capacity by 2020 and ±50%
by 2030. This energy transition will require both massive investments in a European
power grid as well as unlocking the potential of demand response.
Smart grids are considered an important enabler for efficient and effective
incorporation of electric mobility, renewable power production (both decentralized as
well as large scale offshore wind), domotica and the further development of demand
response services and real time pricing into the energy system. In the process of
shaping the future of smart grids, a wide range of topics is discussed, as is illustrated
by the following figure.
Scale supply/
demand matching
Standards and
interoperability
Smart meter
functionality
Dynamic pricing
vs. Time Of Use
Prosumer behavior

Grid mnt cost
reduction
ICT reliability
Privacy &
cyber security
Data storage/
processing level

Environmental
Market mechanism
& societal
or planned economy
Roles/tasks objectives
market, utilities,
government

Figure 3

Overview of smart grid topics under discussion

The majority of smart grid business cases will be driven by mismatches in electricity
supply-demand and transport capacity limitations. Since 1) the Dutch electricity grid
quality within Europe is second to only Germany, 2) the Netherlands experiences an
overcapacity in fossil power production and 3) the percentage of renewable energy is
still relatively low here, it is expected that many smart grid business cases will first
develop in other European countries.
Regarding data centers, there are three main areas of business cases: the data center
energy supply & demand, grid services to utilities and energy supply services.
Data center energy supply & demand
• Flexibility at ICT level. This is possible by changing location (transfer processes to
data centers in other areas), changing time (some batch processes can be
postponed) or changing service level (lower response time or availability)
• Flexibility at facilities level: buffering cold when electricity prices are low
• Backup power: activation of backup power units when called for by TSO Tennet
Grid services
While grid management benefits more and more from ICT, regional grid operators
expect no breakthrough increases in their grid ICT investments. Examples include:
• At medium voltage level more ICT will be implemented to create self healing grids
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•
•

The introduction of more renewable energy will require more bidirectional voltage
control at various power conversion points
The introduction of ICT in the 126.000 low voltage distribution stations will take
place at a gradual pace and over many years of time

Energy supply services
Provided the right financial incentives for flexibility, an range of demand response are
expected to have positive business cases, ranging from delaying industrial processes to
smart charging of electric vehicles during off-peak hours. As mentioned before, we
expect these developments to take place in other countries first.
Regarding data-based business cases: while the expected energy data will be
structured, mostly numerical and therefore manageable, several actors foresee long
term business cases in coupling these data with ‘big data’: the data people generate
around them on a daily basis. It will be interesting to follow this development.
The following figure provides an overview of the mentioned various smart grid
markets and a rough estimate of their market introduction as perceived by the authors.
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Figure 4
Smart Grid markets in the Netherlands (DR = demand response, VPP = virtual
power plant, IPIN = innovation program intelligent networks)

RM131211 / Smart Grid business cases for data centers / Final / 24 June 2013

3

Recommendations
Following up on this investigation, there are still several questions open that require
further attention:
Regarding data centers
• What will be the effect of higher server utilization due to virtualization/
consolidation on the energy profile of data centers? Will the flatline or office
energy profile show more fluctuations?
• What are the success factors for realization of the data center technical flexibility
potential? Addressing this question may require actual pilots.
Regarding demand response
• What are the possible scenarios regarding the value of demand response in the
Netherlands and in Europe?
• What is the potential and value of the various demand response options already in
practice in other countries (USA, Pacific Northwest)? What are the foreseen
business cases that will be enabled by improved ICT?
As a final recommendation, we advise Green ICT Amsterdam and other interested
stakeholders to follow any developments of time-dependent electricity pricing in
European countries such as Germany, Denmark, Spain and a selection of US states,
including the development of a benchmark.
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1

Introduction

1.1 Background

This investigation is an exploration of possible business cases for data centers as a
result of smart grid developments in the Netherlands. Several developments have
preceded this investigation, including various smart grid discussion among ICT related
companies within the Green IT Amsterdam network and the Roadmap ICT 2030 by
branch organization NL ICT (formerly known as ICT~Office). This project has been
initiated by Green IT Amsterdam Region [Green IT] and was funded by Agentschap
NL.

1.2 Green IT
Amsterdam and
Agentschap NL

Green IT Amsterdam Region is a public-private cooperation to green IT, reduce CO2
emissions and build a Green Collar Economy in the Amsterdam region. The
consortium consists of companies in the ICT sector and energy sector, regional
authorities, knowledge institutes and related companies. Green IT Amsterdam Region
fosters growth of the service economy by supporting the development of a sustainable
and thus highly competitive ICT infrastructure with a focus on energy efficiency and
renewable energy. Development of a “Green IT Economy” means that the region will
remain an attractive location for growth of its already large datacenter and ICT sector.
By embedding ICT infrastructures in smart and sustainable energy services, a green
backbone for a competitive service economy is envisioned in for example logistics,
creative industries, finance and other digital information intensive sectors.
Agentschap NL or NL Agency is the Dutch governmental organization that
implements policy in relation to sustainability, innovation and international business.
Within these three areas, NL Agency works on behalf of the government to bring about
targeted change in the Netherlands. It serves as an intermediary between the
government and society. The most important target groups are entrepreneurs,
researchers and local authorities.

1.3 Goal and scope

The goal of this investigation is to describe potential business cases for the data center
sector as a result of smart (electricity) grid developments. In this definition there is an
overlap between typical data center activities and ICT activities that will most likely be
located at data centers.
Outside the scope of this investigation is the energy efficiency improvement of data
centers, as well as the exchange of (low-temperature) heat.

1.4 Methodology

The basis for this investigation have been a literature study and market consultation. A
large number of experts has been so kind to share their views with us and contribute in
that way to this report. The findings of this report are the sole responsibility of the
author. The work has been carried out during the period January – June 2013.

1.5 Structure of this report

After this introduction a short description of the data center sector and the Dutch
electricity system is provided in chapter two and three. Chapter four describes several
important elements regarding the energy transition and smart grids. Chapter five
describes the potential business cases related to smart grids for data centers and the
ICT sector. Chapter six provides some conclusions and recommendations.
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2

The data center sector

This chapter provides an introduction into the Amsterdam data center sector, the
issues on the agenda of this sector and some relevant energy aspects.

Figure 2-1 Data center locations in Amsterdam
2.1 Structure of the data
center sector

What is sometimes described as ‘the Amsterdam data center sector’, consists of a
variety of companies and organizations, mainly based in the greater Amsterdam region.
The following figure aims at making a subdivision here based on business model and
data center usage, and includes some example per category.
Housing datahotel (coloc.)
[Equinix, Evoswitch, Colt,
Telecity Group]

Hosting datacenter

Other

[Atos Origin, Getronix/KPN,
Capgemini]

Dedicated applications
[Hyves, Marktplaats,
Facebook, Google]

Telecom

[British Telecom, UPC, KPN,
Telfort, Vodafone, Level3]

Primary process support

[Deloitte, Essent, ABN AMRO,
Politie, Cisco, Nikheff, Dell]

Figure 2-2 Data center sector subdivision

From an energy perspective in the Netherlands, the datacenter sector can be positioned
in the middle of an ecosystem, including hardware suppliers, intermediary
organizations, the energy sector, the knowledge sector and governmental organizations.
This is depicted in the following figure:

RM131211 / Smart Grid business cases for data centers / Final / 24 June 2013

8

Intermediaries:
GreenIT, TKI,
NL-ICT
Hardware
suppliers

Other

Energy: grid
operators and
energy supply

Housing
Other

Hosting

Dedicated
applications

Telecom

Support

Knowledge:
research,
education

Government:
national, local

Figure 2-3 Data center energy ecosystem
2.2

Sector challenges

2.2.1. Sector issues

To provide an overview of the issues governing the agenda of the data center sector, a
series of interviews was held, including datacenters, their suppliers and (semi)governmental organizations. The findings of these interviews were supported by a
short desk study. The main findings can be divided in sector issues and specific
regional issues.
The data center sector issues identified follow the data center top 10 issues as
published by the Data Center Pulse best practices community 1. The 2012 top 10
consists of the following items 2:
1.
Facilities & IT Alignment – how to optimize between the facilities and the IT
processes through communications, better interconnections and cost
transparency;
2.
Simple, top‐level efficiency metric – development of a data center service
efficiency metric;
3.
Standardized Stack Framework – development of a model including both
Facilities and IT to improve communication between the various layers;
4.
Move from Availability to Resiliency – with improved resilience through
geographical spread, what are the new requirements for data center availability?
5.
Renewable Power Options – availability of renewable energy (typical US issue)
6.
“Containers” vs Brick & Mortar – what are the implications of modular design?
7.
Hybrid Data Center Designs – modular design as well as mixed TIER levels and
redundancy of systems;
8.
Liquid Cooled IT Equipment Options – with increasing energy densities (kW)
per rack, the limits of air cooling are becoming a factor;
9.
Free Cooling “Everywhere” – need for innovation to achieve free cooling
products functioning even in harsh environments;
10. Converged Infrastructure Intelligence – standardization of both IT and facility
protocols and connections, including Data Center Infrastructure Management.

1
2

Dean Nelson (2012). Data Center Top 10. Data Center Pulse
Jan Wiersma (2012) Datacenter Pulse Top 10 – 2012. JanWiersma.com
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Within the scope of this report it is interesting to observe that energy issues are well
positioned within this list.

Figure 2-4 Data Center Pulse Stack Framework
2.2.2. Regional issues

The data center sector may be the sector with the largest economic growth in the
Netherlands and an important part of it is situated in the greater Amsterdam region.
Regarding data centers in the Amsterdam region, the following topics were mentioned:
• The main strong point of Amsterdam is its excellent connectivity, which will allow
it to maintain its strong position in the near future;
• Other strong point are: the climate is fine, energy is available (although not very
cheap), Amsterdam is an attractive city to live in;
• Several large IT companies have opened office here, and this will bring extra
activity to the region, both in data center usage as well as service development;
• To stay ahead of competition Amsterdam may benefit from developing specialized
IT services (cyber security, big data, etc.)
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Data centers consume large amounts of energy, both for the primary processes as well
as for the facilities (cooling, UPS, power conversion, etc.). As is illustrated in the
following graph the total energy usage of the sector will continue to increase with the
growth of the sector.
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Figure 2-5 Development energy usage and floor space Dutch data centers 3

The energy effectiveness of the sector is improving. Within new data centers the
energy share of the facilities is decreasing and the Power Usage Effectiveness or PUE
of the most energy efficient data centers is envisioned to approach 1.1 within an few
years. For existing data centers there is still room for improvement, as the 2012 sector
average facility share in the energy consumption is still estimated to be 60% 3. The
following figure provides an overview of the major energy flows in ‘a data center’.

Figure 2-6 Overview of major energy flows in a data center 4

The actual power demand of datacenters today resembles either a ‘flatline’ or a typical
office profile. The following figure illustrates the typical flatline behavior, with a
minimal difference in power demand between day and night usage.
3

Maarten Afman (2012). Ontwikkeling van energiegebruik, hernieuwbare energie en CO2 emissies bij verschillende
scenario’s. CE Delft
4
Ab de Buck (2013). Techniques for Energy Efficient New-built Data centres
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Figure 2-7 Data center power demand: example of flatline behavior [Source: confidential]

It is expected that with increasing levels of virtualization and higher percentages of
server utilization the day-night difference within these profiles will increase.
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3

The electricity system

In this chapter a short introduction is provided into the Dutch electricity grid,
electricity supply and demand and the system of electricity pricing.
3.1 The Dutch electricity
system

The electricity system in the Netherlands is characterized by the following types of
main actors:
• The producers of electricity. The main electricity producers in the Netherlands are
Nuon, Essent, Electrabel, Intergen, Delta and E.ON.
• The grid operators such as the Transmission Distribution Operator [TSO] Tennet
and the regionally operating Distribution System Operators.
o TSO: Tennet is the electricity transmission operator in the Netherlands and
a large part of Germany. It is responsible for the continuity of the
electricity supply. In the Netherlands the main part of its assets consists of
the electricity transport network operating in the range of 110 kV up to 380
kV.
To be able to perform its tasks in the area of transmission and system
services, TenneT has set up a single buyer market for regulating and
reserve capacity. On this single buyer market, market parties can offer
regulating or reserve capacity to TenneT, i.e. capacity they can produce or
consume over or under the amount reported in their Electricity
Programme 5.
o DSO: the Dutch regional grid operators are Liander, Cogas, Delta,
Endinet, Enexis, Rendo, Stedin and Westland. They control both the low
voltage network and the intermediate voltage network. Liander, Enexis and
Stedin together combine for more than 80% of the 8.1 million connections
in the Netherlands.
• Energy suppliers: they provide power to the Dutch end users through the
TSO/DSO operated electricity grid.
• Program Responsible Parties (PRP): they provide a production/supply forecast to
the system operator. All larger energy suppliers also have the status of PRP.

5

www.tennet.eu – visited at 15/04/2013

RM131211 / Smart Grid business cases for data centers / Final / 24 June 2013

13

3.2 Grid quality

The responsibility for the capacity and quality of the Dutch electricity grid lies with
TSO Tennet and the various DSOs. In this they are supervised by the Energy Chamber
of the Dutch Competition Authority (NMA-Energiekamer).
The quality of the Dutch grid within Europe is considered very high, second only to
Germany. The following figure provides an illustration of this.

Figure 3-1 Average outage length versus outage frequency in Europe 6

Current electricity demand in the Netherlands is approximately 120 TWh per year. In
2012 approximately 6% of this production originated from biomass and 4% from wind
power, resulting in a renewables share in the Dutch energy (not: electricity) mix of
4% 7.
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3.3 Demand, supply and
prices

Figure 3-2 Electricity demand and supply in the Netherlands

Wholesale electricity prices over the last five years have ranged between 30 €/MWh
and 90 €/MWh 8. For the coming years a lowering of the energy prices is expected9, as
is illustrated in the following figure.

6

Movares illustration based on data from the 5TH CEER Benchmarking report on the quality of electricity supply 2011
www.compendiumvoordeleefomgeving.nl - visited at 16/4/2013
www.apxgroup.com - visited at 17/4/2013
9
www.iceendex.com - visited at 17/4/2013
7
8
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Figure 3-3 NL electricity prices historic [APX] and future [Endex]

Part of these low prices are a result of the Dutch electricity generation overcapacity.
Based on a PricewaterhouseCoopers study 10, branch organization Energie-Nederland
states that the financial outlook for energy plants is so negative, that this will likely
result in a shakeout within the current production park11. It is estimated that for 2020
total peak demand will be just over 20 GW, while the total installed capacity (including
wind and interconnections) will be 55 GW.
Within the scope of this study it seems reasonable to assume that no major changes in
the electricity pricing structure (more emphasis on time-of-use) are to be expected
within the Netherlands before 2020. This estimate is based on a rough projection of the
German energy developments (no Time of Use or dynamic pricing introduced yet) on
the Dutch market and the estimated time it will take to change energy regulation.
On short timescales the electricity prices can vary considerably. The day ahead auction
for 18/04/2013 ranged between 34 €/MWh in the night time up to 60 €/MWh during
peak hours8. At the Tennet imbalance market (15 minutes ahead), these prices ranged
between -100 €/MWh and 375 €/MWh. This is illustrated in the following figure.

Figure 3-4 Electricity prices for 18/4/2013 at the day ahead auction and the imbalance market

10
11

Energie-Nederland (2013). Financial and economic impact of a changing energy market. PricewaterhouseCoopers
Energie-Nederland.nl – visited at 29/04/2013
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4

Energy transition and smart grids

Smart grids aim at matching electricity supply and demand in a more fluctuating
energy system. In this chapter an introduction is provided into the expected growth of
renewable energy, the effect of strong grid investments and the value of flexibility. It
concludes with a short introduction into smart grid issues.
4.1 Renewable energy
and the grid

The foreseen growth of renewable energy in our power supply is an important driver
behind smart grid business cases. This paragraph provides an introduction into
renewable energy cost reductions, EU energy policy and foreseen renewable energy
capacity in Europe in 2020 and 2030.

4.1.1. Cost reductions in

Renewable energy will have a major impact on the energy system. Already today in
Germany these effects are considerable, as is illustrated by the following figure12:

wind and solar
power

Figure 4-1 The contribution of German wind and solar to German electricity demand early
April 2013 [Source: www.cleantechnica.com]

The foreseen cost reductions for solar power are impressive, as was illustrated by
Citigroup Global Markets 13: cost reductions of 75% by 2020 are foreseen. Also wind
power is steadily improving cost effectiveness.

12
13

www.cleantechnica.com – visited at 22/4/2013
Jason Channel et.al. (2012). Shale and renewable, a symbiotic relationship. Citi Research.
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Figure 4-2 Foreseen cost reductions for solar power and wind power [Source: Citi Research]

As a result of this, solar power will be cost competitive with domestic electricity prices
by 2020 in numerous countries, depending on the amount of sun-hours and electricity
prices. The learning rates for wind energy are slower and it has to compete with
wholesale prices, but it is nearly there without subsidies.

Figure 4-3 Competitiveness of solar and wind per region against domestic and wholesale
prices. [Source: Citi Research][ N.B. $1 = ± €0,75]
4.1.2. European Union
Energie targets: 2020-20 in 2020

The development of renewable energy is strongly influenced by national and EU
energy policies. For 2020 the EU has set three important EU targets related to energy
and climate change:
• 20% reduction of greenhouse gas emissions compared to 1990;
• 20% renewable energy;
• 20% additional energy efficiency.
These targets have been translated to individual targets for the member states. The
renewable energy target for the Netherlands is 14%. The Dutch government has
committed itself to a target of 16% renewable energy by 2020. While the contribution
by wind and solar power is increasing, this target is considered very ambitious, given
the current percentage of 4%. For the EU 2030 targets the discussions are ongoing,
with potential green gas reduction targets of 40%.
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4.1.3. Strong growth of
wind and solar
power

The European Network of Transmission System Operator for Electricity [ENTSO-E]
recently published its ten-year network development plan for Europe 14. Assessing the
EU climate policy as well as the various national renewable action plans, it constructed
power scenarios for the period up to 2020 and 2030. The following figures show the
increasing share of renewable power generation in the European production mix for
various scenarios.

Figure 4-4 Evolution of the European electricity production mix [Source: ENTSO-E]

Within this renewable production mix, hydro power is currently the largest contributor.
The largest growth is foreseen for wind and solar power, as is illustrated in the
following figure. This will have implications for electricity system business cases.

Figure 4-5 Foreseen renewable energy capacity in 2013, 2020 and 2030 [Source ENTSO-E]
4.2 EU grid investments
reduce power
fluctuations

In 2010 the European Climate Foundation published its Roadmap 2050 – a practical
guide to a prosperous, low carbon Europe. Part of this work included scenarios on the
effect of strong inter-European grid connections on the power fluctuations created by
14

ENTSO-E (2013). Scenario outlook and adequacy forecast 2013-2020. ENTSO-E
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wind and solar power. Such a grid backbone allows the various European regions to
benefit from sharing backup generation capacity as well as short and long term
differences in solar and wind availability. The following figure illustrates this
dampening effect:

Figure 4-6 Effect of strong European grid connections on renewable energy fluctuations
[Source: European Climate Foundation]

The required grid investments are considerable. The following figure shows the current
grid capacity and the required grid capacity in 2050, assuming 80% renewable energy
power generation and 20% demand response (the ability to shift 20% of the electricity
demand to other moments, usually in the time range of minutes to 12 hours).

Figure 4-7 European grid capacity scenarios [Source: European Climate Foundation]
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4.3 The value of flexibility?

Based on the previous paragraphs the following assumptions can be made:
• Wind and solar power will continue to grow towards a significant part of the
European electricity power production;
• This will result in an increase in power fluctuations;
• Part of these fluctuations will be managed by significant investments in the
European electricity grid;
• Part of these fluctuations will be managed by increasing the flexibility of steerable
power generation;
• Part of these fluctuations will be managed by demand response mechanisms: the
ability to shift electricity demand in time.
For the energy supply sector, these developments imply an increased complexity in
matching supply and demand in its day-ahead power forecast. While being predictable
to a large extend, wind and solar power will require both backup power and the
possibility to reduce demand for those cloudy days without wind. This implies that the
market for demand response will continue to develop as the impact of solar and wind
power continues.
The following figure demonstrates how strong this impact can be 15. Depicted is a
scenario for an August day in 2022 in Germany, in which the availability of wind and
solar power drops 30 GW in 4 hours, almost 50% of installed capacity.

Figure 4-8 Scenario for Electricity supply and demand in 2022

The business cases here however are still unknown. Will demand response have more
value in electric mobility, in switching ICT applications to different countries, in
controlling a million refrigerators or in delaying large scale production in specific
production processes? These questions will receive more attention in the coming years.

15

Agora Energiewende (2013). 12 insights on Germany’s Energiewende. Agora Energiewende
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Power equivalent [W]
Profitability
Figure 4-9 Demand response impact and profitability: ranking the options in impact and
profitability

In energy transition discussions, smart grids are considered an important enabler for
efficient and effective incorporation of electric mobility, renewable power production
(both decentralized as well as large scale offshore wind), and the further development
of demand response services and real time pricing into the energy system.
The introduction of ICT into the energy system is expected to lead to large cost
reductions. The following figure illustrates the cost benefits in the case of electric
vehicles in the Netherlands, assuming 1.2 million electric vehicles in 203016.
Cumulative investments per
electric vehicle in 2030
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4.4 Smart grids
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Figure 4-10 Cost comparison Smart Charging versus traditional grid

In the Netherlands a large variety of actors is active in the development of smart grid
expertise and services. These actors include grid operators, energy suppliers, hardware
developers, ICT service providers, local communities and national and local
government. Although this interest may be considered remarkable given the
circumstances in the Netherlands (highly stable grid, an overcapacity of fossil power
16

Netbeheer Nederland (2013). Laadstrategie elektrisch wegvervoer. Movares
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production and a relatively low share of renewable energy), there is considerable effort
from actors involved in smart grid discussions, that include grid management, ICT
issues, consumer behavior and political issues. The following figure provides an
overview of the current topics under discussion and is based on a series of interviews
with a selection of smart grid stakeholders.
Scale supply/
demand matching
Standards and
interoperability
Smart meter
functionality

Grid mnt cost
reduction
ICT reliability

Dynamic pricing
vs. Time Of Use
Prosumer behavior

Privacy &
cyber security
Data storage/
processing level

Environmental
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& societal
or planned economy
Roles/tasks objectives
market, utilities,
government

Figure 4-11

Overview of the current smart grid topics under discussion
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5

Business cases

This chapter describes the potential smart grid business cases for the data center sector.
Since part of these business cases are based on the foreseen value of flexibility
(demand response), they are dependent on the long term developments of the
electricity market systems and the Time of Use. Most likely these developments will
precede us in other European countries.
In the presentation of these business cases, we first describe the cases involving the
energy use and facilities of data centers. Next we focus on the grid management issues
and the utilities. After that we focus on the business cases related to energy supply. The
chapter is concluded with some remarks on government as a client and big data.
5.1 Data center energy
supply and demand

Given the right financial incentives, data centers have the technical potential to deliver
flexibility up to 50% of their power demand. This preliminary conclusion is one of the
results of the Flexiquest project, lead by TNO 17. In the short term there is a business
case for activating the emergency power generation (although activating these units
beyond emergency situations may not be considered ‘green’ operations). In this
paragraph we describe the possibilities at the ICT level, the facilities and backup
power.

5.1.1. ICT

The majority of data center power requirements are related to the core processes: ICT.
In creating flexibility, the options at the ICT level can be divided into three categories:
• Location: process where the energy is cheap (in some cases referred to as ‘follow
the moon’). The larger data center companies own data centers in various
countries, and for disaster recovery purposes these may actually include mirror
pairs. The expected business case here is that the transfer of activities to where the
energy is cheap does outweigh the costs of connectivity and other costs involved.
• Time: process at another moment. For a selection of (batch) processes there is a
business case for processing them at a different time.
• Service level: while for a range of applications and customers response time may
be the key to success, for certain applications/customers there will be a different
optimum of costs versus response time (availability).

5.1.2. Facilities

In general, the expectation is that in the Netherlands the energy use of the facilities in
new data centers will be an decreasingly small fraction compared to the ICT energy
use. Free cooling is foreseen to provide in the complete cooling need in more and more
data centers, and the remaining facility energy use will then be determined by the
power conversion losses, the UPS, lighting and site management.
For those older data centers that still have a significant cooling need, there is the option
of buffering cold in for instance ice. VITO (Belgium) showed that with a day-night
time tariff difference of 2-5 cts per kWh, there is a business case with a payback time
of 7 to 9 years 18. The expected business case here is that with an expected increase
fluctuations on the power market, this payback time will improve strongly.

17
18

www.tno.nl – visited at 24/4/2013 & personnel communications
Dries Vos (2012). Flexibele koude productie door toepassing van korte termijn koude opslag. VITO
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Figure 5-1 Buffering cold in data centers [Source: VITO]
5.1.3. Backup power

The availability of backup power may lead to short term positive business cases. TSO
Tennet occasionally calls upon power producers to immediately activate their power
production. For this availability of backup power the producers receive a significant
sum of money proportional to the amount of megawatts plus a small sum for the actual
energy delivered.
In the Netherlands the authors are currently aware of one initiative 19 that pools several
actors with backup power capacity into one service towards Tennet. The participants
receive approximately € 20.000 per year per MW, irrespective of the amount of calls
for support. This amount is estimated to be around 10-12 times per year, which may
correspond with the test frequency of this equipment.

5.2 Grid services

An important client for potential smart grid applications is the DSO or regional grid
operator. Important objectives of the DSOs are minimization of power interruptions
(average outage minutes per client), the available grid capacity and power quality. The
various DSOs differ in their vision how ICT should be deployed and managed in grid
operations. There seems however to be consensus among grid operators, ICT hardware
and software suppliers on issues such as data minimalization and need to know
principle: keep whatever required intelligence as local as possible.

19
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4 international connections
30 x 380 kV stations
320 x 150 kV stations
125.000 distrib. transformers
8.000.000 households
10x energy devices

Figure 5-2 ICT in the grid: data minimalization and local intelligence

It is not considered likely that the regional grid operators will increase their ICT
budgets dramatically in the coming years. These investments would not be justified by
the expected grid benefits. There are however specific grid areas that will see more
ICT involved, including:
• Self healing grids. In using this term we refer to the concept where, in case of a
grid interruption at medium voltage level, ICT systems will manage grid
operations to minimize the number of affected users. Currently, due to manual
operated switchgear, this operation still requires human interventions and site
visits.
• Bidirectional voltage control. Our current electricity grid is designed top-down and
the voltage control mechanism is not equipped for power production on large scale
at low/medium voltage levels . An example for this is the 150 kV  10 kV
transformation, where there are specific voltage control issues. Again, solutions for
this issue will most likely be available earlier in other countries with large amounts
of renewable energy (Germany, Denmark, Spain).
• Low voltage distribution stations. It is to be expected that in due time also at street
level ICT equipment will be installed in transformers. Assuming a small effect of
this measure on the total grid performance (most interruptions are caused in the
medium voltage grid), this will most likely be a gradual process that will take
many years before the majority of the existing 126.000 low voltage distribution
stations will be upgraded.
DSO perception of ICT sector
It is important to highlight in this report the following perception of the ICT sector we
have encountered among various DSO experts. The ICT industry is perceived as a
sector shaped by strong cost restrictions by both consumer and industrial markets. As a
result, its products have not yet been able to demonstrate the quality and lifetime
(mission critical) requirements by grid operators. So, while making use of available
products, grid operators have a strong preference for staying in control of the ICT part
of grid operations, instead of exploring ICT-as-as-service concepts.
5.3 Energy supply
services

The long term opportunity for ICT services in a smart grid context lies in its potential
to offer flexibility to energy providers: demand response. This can be both on a dayahead basis (APX) and smaller time scales (intraday market, Tennet imbalance
market). This can take various forms, including the following examples:
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•
•
•
•
•
•

Shift of industrial processes to different hours or locations;
Activate local power production to operate grid-independently;
Energy savings by avoiding activities (switch off air conditioning);
Smart charging of electric vehicles during off-peak hours;
Boilers that heat water during times of excess electricity (negative prices);
Synchronous pre-cooling of 1 million refrigerators to avoid peak hour energy
consumption.

This value of flexibility is already demonstrated in for example the United States,
where energy utilities make use of demand response services in various programs 20.
5.4 Government and
environmental
objectives

National and local authorities facilitate the developments of smart grids, but they are
not the main client. In 2011 the Taskforce Smart Grids (Taskforce Intelligente Netten)
published its recommendations regarding smart grids on behalf of the ministry of
Economic Affairs, including an action plan21. It was recognized that the urgency for
smart grid solutions in the Netherlands is less pressing compared to countries with
large volumes of renewable energy installed. This provides the opportunity to build up
expertise in demonstration projects (the so-called IPIN pilots) up to 2015, create scale
and be prepared for the large scale implementation that is expected to be necessary
from 2020 onwards. Financial support involves both the IPIN demonstration pilots as
well as innovation support through the so-called innovation contracts smart grids.

Figure 5-3 TKI Switch2SmartGrids vision on smart grid developments 22

Local governments (mainly provinces) facilitate the development of smart grids from
both an environmental and economic point of view. While facilitating smart grid pilots
in the regulatory domain, financial involvement through for instance revolving funds is
most of the time linked to an innovation agenda or economic development aspects. In
other words: local government is willing to support the business case development of
its industry.
5.5 Big data

Among grid operators, hardware and software suppliers there seems to be a consensus:
operating an electricity system from a grid perspective does not require huge amounts
of unstructured data. It will be more data compared to what has been experienced up to
now, but the information is structured and manageable in size. And: the majority of this
data consists of numbers and not of words, sound or images.
20

For example: www.demandresponsedirectory.com – visited at 29/4/2013
Taskforce Intelligente Netten (2011). Op weg naar intelligente netten in Nederland. Ministry of Economic Affairs
22
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However, it is argued that connecting these energy data with the data individuals
produce ('big data’) on a daily basis may lead to new business cases. This amount of
data in general is increasing. As was recently published by Cisco 23, the growth in
global mobile data traffic is expected to exceed 10 exabytes per month by 2017, with
smartphones being responsible for two-third of this data explosion.

Figure 5-4 Cisco 2013 estimates for mobile data traffic growth.

Also the amount of stored data is expected to increase, as is the number of smart
devices in a home. Now, if household equipment ranging from smoke detectors, home
security and washing machines to kitchen equipment and room climate control are all
potential candidates for wireless connections: what would be the business cases related
to smart grids? And what connections could be made between these energy data and
the big data available that could result in business cases?
The answer lies again in demand response: shifting of activities to off-peak hours.
Depending on the household device and the future energy prices, this functionality will
be either an important benefit or a nice add-on.
5.6 Consumer energy data

Earlier this year three market reference models were developed exploiting the
synergies with the ICT sector 24 by the independent Expert Group for Regulatory
Recommendations (EG3), within the EU Smart Grid Task Force with participation of
various branch organizations and industries.
Starting with the EG3 assumption that consumers will evolve into ‘active’ participants
in the energy market, the three models have data handling and processing as the
distinctive factor and a central role in consumer data management for 1) the DSO, 2) a
government controlled independent central data hub or 3) a commercial and certified
Data Access-point Manager.

5.6.1. Case I: DSO as

The DSO as market facilitator case favors a model based on a data hub, which is the
standardized centralized or decentralized point for the market parties to collect all
operational data as well as all necessary data to facilitate the market (data about
customers, their technical possibilities, and their consumption or production). The DSO

market facilitator

23
24

Cisco VNI Mobile Forecast (2013). Cisco
EG3 (2013). First Year Report: Options on handling Smart Grids Data. EG3
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provides this data to the market via the data hubs, as a regulated neutral market
facilitator in a non-discriminatory manner. It is up to the market parties to enrich this
data with other information (e.g. price signals, tariffs, etc.) in order to create new
innovative services. For data security and privacy reasons customers will always be the
owner of their ‘personal’ data and have to approve if data should be sent to third
parties.
5.6.2. Case II: third party
market facilitator –
independent central
data hub (CDH)

5.6.3. Case III: Data
Acces-point
Manager

5.6.4. Case evaluation for
the Netherlands

This case consists of an independent and government regulated central communication
platform based on one or several data hubs which will interact with different smart grid
stakeholders, potentially storing data and processing it. This will allow equal access by
all market participants to commercial data facilitating the market in a neutral manner,
as the third party is by definition an independent one. The key functions of the hub are
access control, receiving data from different parties and delivering it to the authorized
parties, as well as aggregation and data storage for retrieval of historical data or tailor
made services by end consumers, or their authorized agents, which could be electricity
retailers, energy service companies, aggregators or other Services Providers.
The DAM case foresees the creation of a trusted Data Access-Point Manager (DAM) –
a commercial role that shall be played by certified companies who act as a data gate
keeper providing data access to any certified market player and/or consumer/prosumer.
This Data Access-Point Manager would be designed to enhance existing market
structures, roles and responsibilities and would not necessarily change them.
The DAM is designed to handle access to data and remote management of
functionalities needed to create value added programmes within the Smart Grid from a
wide range of devices such as smart meters, distributed generation, appliances, electric
vehicles, etc. The Data Access Point Manager shall maintain and apply access rights of
any regulated and nonregulated market actor (service providers and consumers) via any
implemented communication network over the whole lifetime of relevant smart grid
resources and devices within the given regulatory requirements.
What do these cases learn us regarding developments in the Netherlands? When being
asked to speculate on this, the author would like to emphasize the following aspects:
• Consumer activity. It is our estimate that the consumer financial benefits for
actively participating on the energy market (multiple decisions within a week), will
be relatively small and will only appeal to a small market segment. Consumers are
foreseen to be active on time scales of a year (switching from energy provider or
electric mobility provider). Also, activities that may be incorporated in a daily
routine (operate washing machine by night) could be (re-)adopted. However, we do
not foresee a strong increase in daily decision making regarding energy-related
behavior.
• DSO scope of activity. In the Netherlands the DSOs are expanding their scope of
work with business development activities. Given their current influence we expect
them to be able to affirm this scope increase in changed regulation. This will
however have influence on their image of impartial energy actor.
• Cyber security of the energy system and privacy. Given the internationally
demonstrated vulnerability of utility installations and the privacy discussions
following recent NSA reporting, we expect strong emphasis on security by design.
Considering these three developments, we foresee better odds for the model of a
government-regulated independent data hub (case II), possibly with decentralized (at
home) storage of energy data.
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5.7 Overview smart grid
markets

The following figure provides an overview of the mentioned various smart grid
markets and a rough estimate of their market introduction as perceived by the authors.
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Figure 5-5 Smart Grid markets in the Netherlands (DR = demand response, VPP = virtual
power plant, IPIN = innovation program intelligent networks)
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6

Conclusions

The data center sector
The data center sector is one of the fastest growing sectors in the Netherlands. It
consists of a variety of companies, including data hotels, hosting data centers, telecom
providers, primary process support and dedicated applications. The largest
concentration of data centers is found in the greater Amsterdam region. An inventory
among sector members and suppliers indicates that the main sector concerns resemble
the Data Center Pulse top 10 issues. Regarding Amsterdam it can be concluded that the
city maintains its attractiveness, mainly due to its excellent connectivity.
Energy is an important topic for the sector. The typical data center energy profile
resembles a flatline, with minimal day-night variation. It is expected that this variation
will increase as server utilization will increase due to virtualization and data center
infrastructure management.
The electricity system
The Dutch electricity grid has an excellent quality within Europe, second to only
Germany. National power consumption equaled 120 TWh in 2012, with 6% originating
from biomass and 4% from wind power. Electricity prices for the next five years are
foreseen to be low: less than 50 €/MWh. This is partly due to the current power
production overcapacity.
Energy transition and smart grids
The foreseen growth of renewable energy in our power supply mix is an important
driver behind smart grid business cases. Solar power is already competitive in several
countries and their number will rapidly increase before 2020. EU energy policy,
including its target of 20% renewable in 2020, is an important driver for both solar and
wind power. This will have strong implications for the European energy system. For
the period 2030-2050 the majority of the power installed is foreseen to be renewable.
To accommodate for this power and its fluctuations, both impressive investments in a
European grid and developments of demand response options are required. It is yet
unclear when the market for demand response in the Netherlands will take off. In this
context smart grids are considered an important enabler for efficient and effective
incorporation of electric mobility, renewable power production (both decentralized as
well as large scale offshore wind), domotica and the further development of demand
response services and real time pricing into the energy system.
Business cases
The majority of smart grid business cases will be driven by mismatches in electricity
supply-demand and transport capacity. Since 1) the Dutch electricity grid quality in
Europe is second to only Germany, 2) the Netherlands experiences an overcapacity in
fossil power production and 3) the percentage of renewable energy is still relatively
low here, it is expected that many smart grid business cases will first develop in other
European countries. Comparing the expected increase in wind and solar power in the
Netherlands with countries such as Germany and Denmark (no dynamic pricing or
Time of Use elements introduced yet), we estimate that introduction of any time
dependency of the electricity price for industrial clients will not take place in the
Netherlands before 2020.
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Regarding data centers, there are three main areas of business cases: the data center
energy supply & demand, grid services to utilities and energy supply services.
Data center energy supply & demand
• Flexibility at ICT level. This is possible by changing location (transfer processes to
data centers in other areas), changing time (some batch processes can be
postponed) or changing service level (certain applications/customers may prefer a
cost advantage over premium response time or availability). It is estimated that a
flexibility of 50% is technically feasible.
• Flexibility at facilities level: while for new data centers the energy share of the
facilities may decrease to 10%, for the majority of existing data centers cooling
requires a significant share of energy. For those data centers there will be a
business case for buffering cold (in ice) when the electricity prices are low (time of
use)
• Backup power: TSO Tennet occasionally calls upon power producers to
immediately activate their power production. It is possible for data centers with
backup power (diesel) to join in such programs. While this behavior will not be
labeled ‘green operations’, the fee of €20.000 per year per MW may be interesting.
Grid services
While grid management benefits more and more from ICT, regional grid operators do
not foresee huge increases in their grid ICT investments. These investments would not
be justified by the expected grid benefits. The following topics are foreseen to benefit
from more ICT investments.
• At medium voltage level more ICT will be implemented to apply remote control
and create self healing grids.
• The introduction of more local ( renewable) energy will require a more complex
voltage control system at various transformer stations.
• Introduction of high speed online condition monitoring, disturbance recording and
event logging systems in medium voltage systems.
• The introduction of ICT in ±126.000 low voltage distribution stations will take
place at a gradual pace and over many years of time.
Energy supply services
Provided the right financial incentives for flexibility, an range of demand response are
expected to have positive business cases, ranging from delaying industrial processes to
smart charging of electric vehicles during off-peak hours. As mentioned before, we
expect these developments to take place in other countries first.
Regarding data-based business cases: while the expected energy data will be
structured, mostly numerical and therefore manageable, several actors foresee long
term business cases in coupling these data with ‘big data’: the data people generate
around them on a daily basis. It will be interesting to follow this development.
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6.1 Recommendations

Following up on this investigation, there are still several questions open that require
further attention:
Regarding data centers
• What will be the effect of higher server utilization due to virtualization/
consolidation on the energy profile of data centers? Will the flatline or office
energy profile show more fluctuations?
• What are the success factors for realization of the data center technical flexibility
potential? Addressing this question may require actual pilots.
Regarding demand response
• What are the possible scenarios regarding the value of demand response in the
Netherlands and in Europe?
• What is the potential and value of the various demand response options already in
practice in other countries (USA)? What are the foreseen business cases here that
will be enabled by improved ICT?
As a final recommendation, we advise Green ICT Amsterdam and other interested
stakeholders to follow any developments of time-dependent electricity pricing in
European countries such as Germany, Denmark, Spain and a selection of US states,
including the development of a benchmark.
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