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Sindal pushes the boundaries
of small-scale CHP
In the Danish town of Sindal, a new small-scale biomass-fired combined heat and power (CHP) plant has recently been
deployed. Displacing natural gas, the plant uses a novel two-stage gasification technology that supplies the thermal energy to an Organic Rankine Cycle (ORC) turbine to produce both district heat and power.
whilst co - generation using

ORC is not new, the two-stage biomass gasification technology developed that feeds into the thermal oil
boiler is a unique “first-of-its-kind”
solution that, ultimately, could reduce the cost of building such
small-scale – 5.5 MW(fuel) –
plants. Developed by Danish biomass combustion technology specialists Dall Energy A/S, the new
Sindal plant was officially opened
on September 15 by the Danish
Minister for Energy, Utilities and
Climate, Lars Christian Lilleholt.

National interest
One reason for the widespread national interest in the project was
that the investment – DKK 65 million (≈ EUR 9 million) – included
public funding from the Danish
Energy Agency’s Energy Technology Development and Demonstra-

tion Programme (EUDP). It was
also one of the largest investments
locally yet perhaps, a seemingly inexpensive one for the local district
heating company, Sindal Varmeforsyning A.m.b.a. to be making in a
new CHP plant.
– It is a very sensible investment
and will pay for itself as the heating
price to customers can be lowered,
since the new biomass plant is both
highly energy efficient and fuel
flexible. Ninety percent of the
town’s heat demand can be covered
by the new plant, so from now on,
the district heating company will
only use its existing gas-fired plant
at peak load, remarked Jens Dall
Bentzen, CEO, Dall Energy.

Low emissions and
feed-in tariff
There is, however, much more to it
than that as Bentzen explained.

Founded in 1960, Sindal Varmeforsyning commissioned a feasibility study in 2016 for a new combined heat and power (CHP) plant
to replace a gas fired CHP plant
that was commissioned in 1993.
Apart from being able to use a lower cost fuel, the company wanted to
also to avail itself of feed-in tariffs
(FIT) for electricity, currently
available for plants using biogas or
syngas from biomass gasification.
At the same time, Sindal wanted to
ensure that the new plant would be
compliant with toughing emission
regulations, in particular dust,
NOx and carbon monoxide (CO)
while the building itself would be
aesthetically pleasing.
– So using CFD modelling we,
together with FORCE technology,
investigated if such low NOx emissions could be achieved by stage
separating the gas combustion even

further in our existing two-stage
biomass gasification technology,
said Dall Bentzen.

Inherently low NOx,
CO and dust
Dall Energy’s patented biomass furnace combines updraft gasification
and gas combustion technologies
into a single unit. According to Dall
Energy, this combination offers several advantages to operation and
maintenance (O&M), emissions
reduction, and turndown ratio.
Instead of a relatively fast combustion of solid material, in the
first stage the reaction to gas occurs
in a slow gasification process that
takes place in the bottom of the
furnace. Here the solid material is
transformed into a combustible gas
and fine ash. The gas velocity in
this section is very low so the particles remain resulting in very low
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dust and particle emission from the
furnace. The gasification gas from
the bottom part of the furnace is
burnt in the top section during the
second stage. The gas combustion
itself is in terms of flow, temperatures and emissions, very stable.
Jens Dall Bentzen explained
that it is widely known that stage
separated gas combustion can result in low NOx emissions and that
this, along with the other advantages, have been verified in three
biomass heat plants built by Dall
Energy – Warwick Mills in the
United States, and the Bogense and
Sønderborg district heat plants in
Denmark.
– The CFD model from Force
suggested that it would be possible
to achieve such low NOx levels
without the use of Selective NonCatalytic Reduction (SNCR).
When part of the gas is partially
oxidized at 900 °C and has a retention time of about 1 second, then
the total NOx will be below 150
mg/Nm, he explained.

Advanced small-scale
CHP plant
For Sindal Varmeforsyning, Dall
Energy’s original two-stage design,
combining updraft gasification
with syngas combustion, was modified further to include a two-stage
combustion of the syngas as per the
Force CFD model. In June 2017
construction began for the novel
next-generation CHP plant and 12
months later in June 2018, the
plant began operations.
The 5 MWth and 0.8 MWe
plant consists of a gasifier, a gas
burner, a thermal-oil boiler, a flue
gas condenser and a Turboden
ORC-turbine unit. When the flue
gas is passed through the heat exchangers of the thermal oil plant,
the temperature is about 950 °C.
After yielding its energy to the thermal oil plant, the temperature is
about 185 °C. From the thermal oil
plant, the heat can be directed to
district heat exchangers or to the
ORC turbine that produces electricity and heat.
In the quench, the flue gas is
cooled to 60 °C, and in the flue gas
condenser, the flue gas is cooled
further extracting the final thermal
energy. When the flue gas is led to
the stack, the temperature is as low
as 40 °C. No flue gas filters are
needed and the plant does not have
any cyclones or electro-static pre-

Principle layout of Dall Energy gasifier, with partial oxidation and afterburner, and the thermal oil heater.

cipitators (ESPs). The flue gas condensation unit increases the thermal efficiency by up 25 percent and
also removes any particles in the
flue gas without extra cleaning.

Fuel and load flexibility
Another benefit of the gasification
solution is that it is possible to use a
low-grade fuel. The gasification
technology can handle fuel with up
to 60 percent moisture content, as
well as dry fuel.
– In other words, the plant can
use a mix of local and cheap fuels in
the form of green waste and other
biomass residues that cannot normally be used elsewhere, he said.
The plant has a very wide operation range. It will operate fully efficient from full load all the way
down to 15 percent load, which
means the plant can handle both
daily and seasonal demand fluctuations. The very low emissions also
means that the plant can manage
with short flue stack which be integrated into the building design in a
way that appear less dominant as a
feature. The plant is connected to
the district heat network with a
new 800-meter long pipe. The existing natural gas-fired plant will in
the future only be used as a peak
load backup.

Demand for new
technology
– There is a general demand for
new and revolutionary technologies
and processes that are friendly to
the environment as well as financially feasible. The new gasification
technology will, ultimately, result
in lower heating prices. It is a smart
technology in the sense that capital

Bjarne Christensen (left) Chairman of the Board of Sindal District Heating company welcoming Lars Christian Lilleholt, Danish Minister for Energy, Utilities
and Climate at the official opening on, September 15, 2018.

All set for the official opening of the new Sindal biomass CHP plant.

investments in auxiliary technologies such as flue gas cleaning can be
avoided without compromising on
technical or environmental performance which makes it a cheaper
plant to build and operate. At the
same time, the plant is also an example of the "green circular economy" whereby citizens' green was-

te becomes citizens' green heat and
power, which again benefits the
customers in the form of lower prices, concluded Jens Dall Bentzen.
Text: Alan Sherrard
Photos: Dall Energy
BI102/6179/AS
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