TRIGENERATION SOLUTIONS FOR THE DATA CENTER INDUSTRY
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HOW TRIGENERATION TECHNOLOGY

CAN BOOST DATA CENTER EFFICIENCY

AND REDUCE YOUR PUE

The rise of hyper-data centers necessitates innovation in more efficient power systems,
such as trigeneration, which generates electricity, heating, and cooling simultaneously.
Here, we examine how to enhance energy use in data centers and explain how Jenbacher
trigeneration solutions can help meet the industry’s energy demands.

The rise of Big Data has led to an explosive increase in data vol-
ume, necessitating robust data centers that can store, process,
and analyze this information effectively. As more organizations
increasingly rely on data-driven insights, the need for data
centers that can handle large datasets becomes paramount.
The demand for cloud computing further exacerbates this, as
businesses migrate to the cloud for flexibility, scalability, and
cost-effectiveness.

New Al technologies are particularly resource-intensive, putting
pressure on existing data center infrastructures. This has led to a
huge global expansion, with analytics firm GlobalData predict-
ing that revenues for data centers globally will reach $948 billion
by 2030.

However, energy consumption presents challenges. High-density
computing and processing power demands a new framework,
including advanced cooling systems and energy-efficient
hardware, to accommodate these demands. As data centers
continue to grow, there is an urgent need for innovative solu-
tions to address both efficiency and costs, as well as environ-
mental impacts, using renewable energy sources and more
advanced cooling technologies.

Data centers and
energy consumption

Data centers are significant consumers of electricity, accounting
for 1.0—1.5% of global electricity demand’, and with so many
companies investing heavily in A, this level of energy consumption
is set to rise. Data center operators must find ways to manage
these costs to maintain competitive profit margins. Strategies
such as implementing energy-efficient technologies, improving
cooling systems, and utilizing Al for monitoring can lead to
significant reductions in energy consumption and costs.
Moreover, businesses are increasingly recognizing that investing
in energy-efficient infrastructure not only reduces operational
costs but also enhances overall efficiency and performance.
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By 2030, global data center revenues will reach $948 billion.
Source: GlobalData: Thematic Research: Technology Data Centres, March 2021, page 17

Benefits and applications
of trigeneration

Trigeneration, also known as combined cooling, heat, and power
(CCHP), combines a gas generator with heat recovery and uses
waste heat for absorption chillers, offering an economical and
cleaner alternative to conventional refrigeration, significantly
reducing energy costs and eliminating the need for additional
energy-intensive cooling solutions. While trigeneration is perceived
as an emerging technology solution for the data center industry, it
is well-established in many industrial and municipal applications.

The key advantage of trigeneration is its ability to significantly
increase the utilization of the input energy by producing elec-
tricity, heat, and/or cold water simultaneously. As trigeneration
systems can be designed to run on many different fuel mixes—
such as hydrogen, biomethane, biogas, or natural gas—the system
provides in-built flexibility for future fuel transitions. Trigeneration
also enables the data center to generate its power on site,
reducing reliance on the local grid and avoiding long wait times
for grid connection approvals.


https://www.iea.org/energy-system/buildings/data-centres-and-data-transmission-networks
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Trigeneration systems can actively support grid balancing,
allowing data centers to contribute to local energy stability
while generating additional revenue through demand
response or surplus power export. Moreover, the amount of
waste heat produced can be monetized by supplying it to
district heating networks or utilized in controlled environments
such as greenhouses. This model is already proving successful
in the Netherlands, where data centers are co-located with
high-efficiency tomato production.?

Enhancing energy use
in data centers

The key is to take a holistic approach to enhancing both electricity
and thermal energy usage within the data center facility.

The heat produced by the computers in a data center needs

to be removed to maintain the optimal temperature of 25°C.
Traditionally, this is achieved using electricity-powered cooling
systems. However, with INNIO Group's Jenbacher trigeneration
technology, the waste heat from the gas generator can be cap-
tured and used to produce cooled water through an absorption
chiller. This allows the data center to use the waste heat for

cooling, rather than relying solely on electricity-powered cooling.

The operator also can choose which cooling system is best for
it. Trigeneration is agnostic in terms of which technology the
data center operator wants to use for cooling the computers.

They can be cooled by air, water, liquid, or direct chip immersion.

These different techniques work very well with trigeneration.

This is a key advantage of the trigeneration system,; it allows
the data center to leverage the waste heat and reduce the
overall power consumption, leading to a lower Power Usage
Effectiveness (PUE).

Reducing PUE

The trigeneration system is designed for high overall efficiency,
as it produces electricity, heat, and cold water simultaneously
from a single energy input. This improved efficiency, compared
to traditional power and cooling systems, contributes to the PUE
reduction. An “ideal” PUE is 1.0, signifying an entirely efficient data
center that is delivering 100% of its power to IT equipment, with no
power used for other purposes like cooling or lighting. However,
research collated by GlobalData from company filings indicates
the average PUE across the industry is about 1.58.2
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In a push to reach net zero, the EU Climate Neutral Data Center
Pact, supported by the European Commission, has set an
annual PUE target of 1.3—1.4 (depending on the climate) by
2025 for new data centers and by 2030 for existing facilities?.
In Germany, the Energy Efficiency Act goes even further, requiring
new data centers, from 2026 onward, to achieve a PUE of just
1.2. Other emerging regulations, such as the European Union’s
Energy Efficiency Directive®, and Singapore’s Green Data Center
Roadmap®, also drive the need for more efficient data centers.
Trigeneration technology can help operators meet these
regulatory requirements.

INNIO Group’s Jenbacher
trigeneration solutions: 10 MW
data center case study

Cooling typically accounts for 20—40% of power usage in data
centers, making it a critical area for efficiency improvements.
However, by effectively managing heat dissipation, trigener-
ation can help reduce energy consumption, even in hot and
humid conditions.

Air conditioning is very expensive and uses a lot of power. One
solution is the production of electricity on site with a generator
that can work in extreme conditions, even 50°C. INNIO Group
offers Jenbacher generators that are made to run at this
temperature.

For example, Jenbacher generators can run at full load at hot
ambient temperatures without the need for active cooling, of-
fering an alternative to turbine technology, which often requires
active air inlet cooling or struggles with strong derating. The
generators are water-cooled, and the hot water and its exhaust
system work perfectly in combination with absorption chilling
technology. This results in total efficiency values of more than
85%, whereas typical turbine technology works at total efficiency
levels of around 55%.

A recent case study simulation by INNIO Group’s Jenbacher
experts shows annual energy cost savings of nearly 25% with
trigeneration compared to a conventional grid configuration for
a 10 MW grid capacity data center.

In the conventional grid configuration, the data center achieved
a PUE of 1.38 based on energy consumption, purchasing electricity
from the grid (energy in MWh).
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However, in the trigeneration configuration, the same data
center reduced its PUE to 119 based on energy consumption
and with no grid integration, using trigeneration from three
Jenbacher J620 gas generators. The Jenbacher J620 is a Type 6,
V 20-cylinder efficient power generation solution, with power
output of up to 3,360 kW and electrical efficiency up to 45.9%".

Conventional grid configuration

10 MW grid capacity data center with PUE = 1.38 based on energy
consumption. Full year energy consumption, electricity purchase
from the grid (energy in MWh).

10 MW
Other cooling/ventilation
I 7,384 MWh
Cooling (22%)
19,998 MWh
Cooling
require-
Chiller (COP5) ment
63,072 MWh 63,072 MWh
Electricity I
grid
92,330 MWh

IT equipment (72.5%)
66,886 MWh

g UPs (2.9%)
2,689 MWh

» Auxiliaries, lights (1.8%)
1,672 MWh

- Switchgears (1.2%)
1,085 MWh

While this 10 MW data center case study was on the smaller
side, larger facilities could see even greater PUE reductions, as
the economies of scale make the trigeneration solution even
more advantageous.
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To find out more on the 10 MW case study, visit:
jenbacher.com/en/energy-solutions/industries/
data-center#brochures/trigeneration-solutions-
business-case-simulation-data-centers

Trigeneration configuration

Same data center with PUE = 119 based on energy consumption.
No grid integration, trigeneration from three Jenbacher J620
generators. Full year energy consumption (energy in MWh).

3xJ620,10 MW

Electricity on site
79,716 MWh

IT equipment
66,886 MWh

Other cooling ventilation
7,384 MWh

UPS
2,689 MWh

» Auxiliaries, lights
1,672 MWh

= Switchgears
1,085 MWh

Trigenerated cooling
63,072MWh

Cooling requirement
63,072MWh

Source: INNIO Group, Enhancing Data Center Efficiency: Improving Power Usage Effectiveness (PUE) with trigeneration

7 jenbacher.com/en/gas-engines/type-6/j620
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Therefore, with INNIO Group's Jenbacher trigeneration solutions,
it is possible to achieve the EU Climate Neutral Data Center Pact
and the more stringent Energy Efficiency Act in Germany.

Additionally, Jenbacher power solutions can accept an increasing
blend of renewable fuels such as hydrogen, ammonia, and
biogas, with the aim of eventually running on 100% renewable
fuel as supply chains develop. The same Jenbacher asset can
be flexibly upgraded to the next fuel seamlessly and without
creating stranded assets. This aims to support long-term
sustainability and adaptability in line with energy transition
goals, as showcased by Jenbacher hydrogen generators.

“Ready for H,” and 100% hydrogen Jenbacher trigeneration
systems offer a strategic advantage, aligning with the growing
trend of sustainable data center operations.
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Economic and
environmental benefits
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Faced with both incoming regulation and higher energy costs,
data centers are looking even harder at where they can make
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savings and increase efficiency. Trigeneration technology
offers an economical and cleaner alternative to conventional
refrigeration, significantly reducing energy costs and eliminat-
ing the need for additional energy-intensive cooling solutions.
Trigeneration systems also can run on various fuel gas mixes,
providing flexibility for future fuel transitions.
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For more information, visit INNIO Group’s website at innio.com
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