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INTRODUCTION :

Combined heat and power (CHP) plants are not a new use of energy, whether it be from
conventional fossil fuels or geothermal. However, what has been happening recently in the
geothermal arena is the use of low-temperature resources (down to 98 ) in combination with
binary or Organic Rankine Cycle (ORC) power units. Two installations, one in Australia at
Birdsville and one in Germany at Neustadt-Glewe, are using temperatures this low — the lowest
currently operating in the World!

However, there was an even lower temperature use at Paratunka, Kamchatka, Russia; a binary
power plant using 81 producing 680 kW . and the wastewater used for heating the soil and
water plants in greenhouse, was in operation for a number of years in the late 1960s and early
1970s.

This issue is described for high temperature CHP installations in Iceland at Svartsengi and low-
temperature installations in the one mentioned above in Germany.

Why CHP?

The main reason is that it makes more efficient use of the resource by cascading the
temperature (energy use), which in turn improves the economics of the entire system. Low
temperature power generation alone is often not economical below 150 T as the net plant
efficiency for ORC units varies from 12% down to 7% (at 90 C)

Many CHP plants, especially those using a low-temperature resource, started as just a district
heating project. The electric power plant was later added, and became economical, as the well
and pumping systems were already in place. All the power plant designers/operators did was
take some temperature off the top, yet still providing enough temperature (energy) for the district
heating system.

This cascaded use of geothermal energy in the form of CHP plants is for example installed in
Altheim, Austria, using 106 T to operate an approxi mately 700-kW, plant and providing heat to
about 650 consumers.
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STATE OF THE ART

Use of low-temperature resources: Neustadt-Glewe geothermal heating plant

The Neustadt-Glewe geothermal heating plant was commissioned in January 1995, supplying
exclusively in direct-heat transition the base load of a district heating system amounting to a
thermal output of approximately 11 MWy,, thus covering the demand of a major part of the town
of Neustadt-Glewe in northeastern Germany. The installed geothermal capacity is 6 MWy,; a
gas-fired boiler unit is operated to cover the peak-load. The site of Neustadt-Glewe is
characterized by the then deepest wells, the highest thermal water temperature and water
mineralization compared to all the other geothermal plants installed in Germany by now. In 2003,
the plant was extended by a power generation unit of 210 kW, gross. This is the first geothermal
electric generation plant in Germany, and uses only 98 C water, the lowest temperature used in
the world.

Since 1995, the geothermal doublet in Neustadt-Glewe provides brine at 98 € for a district
heating system. The brine is produced from a 2100 to 2300 m deep sandstone aquifer. High salt
contents of the brine (total dissolved solids = 227 g/l) require the use of resistant materials (e.g.,
titanium) for the heat exchanger equipment.

In the summer of 2003, the heating plant was extended by a binary-cycle power generation
(Organic Rankine Cycle, ORC) and in November of 2003, the first German geothermal power
plant was connected to the grid, providing 210 kW, gross capacity (performance guarantee,
according to Erdwarme Kraft (2003)). A measuring scheme was installed to supervise the plant
performance and to get operational data of the very low temperature ORC.

Plant setup
The Neustadt-Glewe plant (fig. 1) supplies heat and power using a parallel-series connection of
power plant and heating station (fig. 2). The heating station takes priority over the power plant.

Fig. 1: Geothermal plant layout (left side, from left to right: wellhead and filter building, container
with ORC plant, cooling tower, container with water treatment for cooling tower) and ORC plant
(right side)
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Fig. 2: Connection to power production and/or district heating circuit, with priority for heating

The district heating system

The Neustadt-Glewe geothermal heat plant (fig. 3) has three main components (see fig. 4).

* Production well (ca. 2300 m) with speed-controlled electric submersible motor pump at depth
260 m) and filter house containing the control unit of the motor pump, balancing tank, coarse
filter unit, nitrogen system, leakage system.

» Geothermal heating plant with heat exchanger, peak load gas boiler, various equipment for the
heating network water, process instrumentation and control system, control room, office rooms,
demonstration hall.

« Injection well with filter house containing the injection pump (not in use, as currently re-injection
works by gravity only), balancing tank, fine filter unit, nitrogen system, slop pit, slop collector.

Fig. 3: The central building of the Neustadt-Glewe heating plant, with heat exchanger, peak
boiler etc.; the power plant is situated at the production well, in ca. 500 m distance from the
central building
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Fig. 4: schematic of the combined heat and power supply from geothermal energy in Neustadt-
Glewe, Germany

high temperature CHP installation: Sudurnes regional heating corporation
Svartsenaqi, Iceland

The Svartsengi geothermal plant (fig. 5) is a combined heat and power (CHP) plant. The heating
plant supplies hot water to a district heating system (hitaveita) serving 20,000 people. The total
installed capacity of the combined plants at Svartsengi is 46.4 MW, electrical power and 150
MW, in the form of hot water.

Below 600 meters, the reservoir temperature is almost uniform at 240 C, and the geothermal
fluid is brine with salinity approximately 2/3 of seawater, 22’000 ppm total dissolved solids. Since
then, the geothermal system has changed from being completely water-dominated, to
waterdominated with a steam cap. From the steam cap, saturated steam is produced at 17 to 24
bar wellhead pressure by four shallow wells (400 to 600 m). Other wells produce a mixture of
steam and brine, and the range in drilled depth varies from 1000 m to over 2000 m.
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Fig. 5: Svartsengi power plant building on Reykjanes peninsula, Iceland

The Svartsengqi Plant Evolution:

The first heat exchange experiments started in 1974 in a small-scale pilot plant. Deciding from
results of this research, a second pilot plant was built in 1976 with enough capacity to supply the
town of Grindavik with 20 I/s of hot water. The first plant in Svartsengi, called Power Plant 1, was
built in 1976-78. At the time, it was the first of its kind in the World, it was the first geothermal
power plant using a high temperature geothermal system for simultaneous production of hot
water for district heating and electrical power. The engineering and construction of Power Plant
1 was done at the same time as it was a “fast track project.”

Getting the main plant started as soon as possible was extremely important because oil prices
had risen to new world-record highs and almost all houses in the region were heated with oil.
Inexpensive geothermal hot water was badly needed and, therefore, design and construction
proceeded simultaneously. This situation created various problems. For example, the plant's
main building was originally designed to house two heat-exchange flow streams of 37.5 I/s each.
Then, it was decided to double the production capacity and install a total of four flow streams in
a building originally designed for two. One of the consequences was that bulky and heavy heat
exchangers had to be installed in the basement, originally designed to only house pumps.

Right now, the Svartsengi geothermal power plant consists of the following :

Power Plant 1 commissioned in 1977/78: The installed heat exchange capacity was 150
I/s for the district heating system, corresponding to 50 MWy, thermal power. Additionally,
two 1-MW, AEG back-pressure steam turbine generators were installed. In the year
2000, half of the heat exchange system was decommissioned.

Power Plant 2 commissioned in 1981: The installed heat exchange capacity is 225 I/s for
the district heating corresponding to 75 MWy, thermal power.

In Power Plant 3, a 6 MW, Fuji Electric back-pressure turbine started commercial
production on January 1, 1981.
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The first part of Power Plant 4 was commissioned in September 1989, with three 1.2
MW, ORMAT ORC units.

On these units, water-cooled condensers are utilized. The second part was
commissioned in 1993 by adding four 1.2 MW, ORMAT units with air-cooled condensers.

In 1995, the project for Power Plant 5 started out as a renewal of Power Plant 1. In
Power Plant 5, a 30-MW, Fuji Electric extraction condensing steam turbine was
commissioned in November 1999, and in April 2000, a district heating part of 75 MWy,
thermal power was commissioned.

The plant maintenance and operating staff, consisting of 22 persons, regularly attend to 12
turbines, specifically, five steam turbines and seven Organic Rankine Cycle (ORC) units.

In addition, they look after 36 cooling fans, 17 geothermal wells and wellheads, 70 control
valves, 100 pumps, 20 kilometer pipelines and thousands of valves that require

maintenance.

The Flow Stream

It is practical to start with the “raw materials” of the plant, illustrated in fig. 6. The numbers in
parentheses refer to details shown in this figure. We have geothermal steam and brine (1) and
cold freshwater (2).

Fig. 6: Flow schematic of Svartsengi geothermal heat and power plant in Iceland

Brine (1) at 240 < flows into the wells through the holes in a slotted liner. On its way up, the
brine starts to boil because of the pressure drop.

In the wellhead (3), there is a mixture of steam and brine at about 16 bar. The pressure is
reduced to 6 bar before the mixture enters the connecting pipelines to the separators (4).

From the separators, steam goes to the back-pressure turbine (5). Backpressure steam (6) is
consumed either by the heat exchangers (7) or the ORCs (8). The back-pressure is controlled by
control valves (9) venting the steam to the atmosphere through exhaust stacks (10).

The brine (11) from the separator (4) is flashed into a low-pressure separator (12) operating at
0.8 bar. The brine then flows through a barometric pipe (13) into the “Blue Lagoon.”
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From this brine, silica precipitates rapidly and makes the normally permeable lava practically
watertight, and thus, the “Blue Lagoon” is formed in a trough in the lave field, about 20 meters
above groundwater level.

The cold 5 € freshwater (2) is pumped from shallow wells and rifts about 5 km north of the
power plant.

The first stage in the heating process is the condenser of the water cooled ORCs (14). Here the
water is heated to 25 TC.

The next stage in the production of district heating water is a direct contact heat exchanger (15);
where, the water is heated against the stream of low-pressure steam.

At the same time, deaeration (degassing) of the water takes place. The deaeration is essential to
prevent the water corroding the steel district- heating pipework. In the deaeration process,
dissolved oxygen is eliminated.

The deaerated water is pumped (16) through a series of plate heat exchangers; the first one
heats the water to about 95 € using back-pressure steam and the second (17) to over 100 T
or up to 117 € depending on demand of the district h eating system.

The ORC (8) is a vapour power cycle. The working fluid in the cycle is isopentane, a
hydrocarbon with a boiling point of 27 C at atmosph eric pressure.

The back-pressure steam is used to heat the isopentane in an evaporator (18) at approximately
6 bar pressure. The isopentane gas is then expanded in a turbine (19) which turns a generator.
A condenser (14) receives the gas from the turbine, the heat is removed with cooling water and
the gas is condensed into a liquid at atmospheric pressure.

Finally, the cycle is closed by pumping (20) the isopentane liquid again, under pressure, into the
evaporator.

Finally, the condensate is mixed with brine and injected back to the geothermal reservoir (21).
The flow stream of Power Plant 5 is shown in fig. 7.

Power Plant Ov-5

The new power plant at Svartsengi (OV-5) is designed for 3 MW, electricity generation and 70
MW, heating output. The district heating part is designed to heat from about 23 € to 90-95 <,
and deaerate 240 kg/s of pre-heated freshwater coming from the ORMAT turbines.
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Fig. 7: Flow schematic of power plant 5 (OV-5) at Svartsengi (Iceland) with binary cycle power
generation and district heat supply

The pumps, final-heaters and coolers pump 70 kg/s of 85 °C water to the town of Grindavik
and/or 240 kg/s of 110-115 T water to the town of Njardvik. The maximum pumped in OV- 5 to
these towns is 240 kg/s.

Turbine extractions supply enough low-pressure steam for after-heating and final-heating of the
district heating water.

It is also possible to receive up to 150 kg/s of district heating water at about 95 T from Power
Plant 2 (OV-2), and heat it to 110-115 C, together with the water produced by OV- 5.

This solution is adopted because the steam in OV-5 is extraction steam (2.5 bar); whereas, the
steam in OV2 is high-pressure steam (6.5 bar) that has been used as possible for electrical
production. OV-2 pumps this water through the final heaters in OV-5. In this way, OV-5 can
simultaneously supply 320 kg/s of 110-115 € hot water to the Njardvik pipeline and 70 kg/s of
85 T hot water to the Grindavik pipeline, as shown in fig. 7.

The turbine is designed to operate at full-load and also supply extraction steam for the district
heating system. If the power is reduced, eventually the extraction steam pressure

becomes too low to be used for the district heating heat exchangers, and instead of the
extraction steam, the high pressure steam, taken through the bypass valves, must be used to
heat the district heating water.

The high steam pressure to the turbine will be controlled by the existing control valves in OV-2.
In addition, the turbine will be equipped with a valve that reduces the turbine power if the steam
pressure drops below 6.5 bar.

The medium pressure (first extraction) varies with the district heating load, 2.7 to 3 bar. If the
turbine load is reduced, this pressure drops. In order to maintain minimum pressure, a bypass
valve controls steam from the high-pressure steam supply in order to prevent the medium
pressure from dropping below 2.5 bar.

The low pressure (second extraction) varies with the district heating load (1.4 bar at maximum
and 1.9 bar at the minimum district heating load). A control valve between power plants OV-5
and OV-2 controls the extraction pressure based on a variable set-point that depends on the
district heating load as measured by a flow meter.

It is assumed that the turbine is run at maximum load (30 MW,). If the turbine load is reduced,
the extraction pressure drops below 1.3 bar at some point.

Then, a bypass control valve opens to maintain the pressure at 1.3 bar. At the same time, the
check valve reduces the steam coming from the extraction. Chimney valves in OV-2 control the
pressure at 1.3 bar at that side, so that the 6 MW, turbine and the ORMAT turbine will not be
disturbed because of variability in low-pressure steam in OV-5. The condenser pressure is
controlled by the temperature of the cooling water from the cooling tower.

The mixture of condensate water with brine is controlled by two valves that are operated by the
same regulator (one opens whereas the other closes).
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MARKET POTENTIAL

use of low-temperature resources : Neustadt-Glewe geothermal heating plant

Economic figures of the Heat Plant

The expenditures on the project including the purchase of the oil boiler unit in the residential
area and the district heat supply system, as well as its extension or rehabilitation, amounted to
9.45 million with  6.44 million referring to the geothermal and heat production units.

By the end of 1998, more than 1,300 households, 20 trade consumers and one industrial
enterprise have been supplied with environment-friendly heat by the geothermal plant.

Present activities are concentrated on the optimization of the individual sections of the plant,
more rational primary energy use and extension of the supply network through the connection of
more heat consumers.

In Neustadt-Glewe, the emission of CO, was reduced by about 2,700 tons in 1997. About 1.7
million m® of natural gas were saved. Since beginning of operation, no incidents happened which
could have been a risk to the environment.

Economic figures of the Power Plant

In Germany, electricity generation from geothermal heat has only since March 2000 been
government-funded under the so-called Renewable Energies Act (EEG). Electricity from wind,
sun, biomass and small hydro had already enjoyed this privilege since 1995.

The change in legislation aroused the interest in the use of geothermal energy for power
production.

Bewag Aktiengesellschaft & Co. of Berlin developed ORC geothermal power plants with the
following key features:

» Wet cooling towers reducing own consumption to 18-20%.

» Cogeneration because the sale of heat would increase revenues.

Bewag then looked for a project to put the know-how to good account. The geothermal power

plant in Neustadt- Glewe, a little town with 8000 inhabitants located 200 km northwest of Berlin,

lent itself well for this purpose.

The high share of geothermal heat in the overall heat volume supplied to the town of Neustadt-

Glewe implied that space capacity was available for other uses (electricity generation) in the

summer months and inter-seasonal periods.

In addition, the smoothly operating Neustadt-Glewe geothermal plant was not subject to any

geological risks, and also the operational risk inherent in the small innovative ORC plant was

limited.

Another crucial factor for the project was that this 200 kW, project could be implemented within

the financial framework of the originally planned 125 kW, project with air cooling towers , i.e., of
800,000 capital costs, out of which 400,000 were grant-funded. The final costs of the project

then amounted to 950,000.

10
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high temperature CHP installations : Sudurnes regional heating corporation
Svartsengqi, Iceland

The total performance of the new geothermal cogeneration power plant at Svartsengi is
improved by using turbine extractions, instead of high pressure steam, to heat freshwater to 110
T in heat exchangers. Energy balance calculations show th at the utilization efficiency of the
power plant OV-5 is improved by 15% with this type of operation and by 14-22% at different heat
loads. The turbine model shows that at 21-24 MW,, electrical output and different heat loads, the
pressure of the first and second extractions drops below 2.5 bar and 1.3 bar, respectively. At this
point, it is necessary to supply high pressure steam to the heat exchangers.

Others

Some existing so-called geothermal “wellhead generators” (i.e., units <5MW,) have now seen
over 20 years of operation. Although most earlier units were put online as stand alone plants, or
as the first step in demonstrating the viability of a field prior to build out, recent work has been
directed toward the development of combined heat and power projects that couple power
production with direct-use applications. The past few years have seen an increased interest,
application and research into this technology. As a result, there has been a considerable amount
of work done on various working fluids including different organic fluids (e.g., fluoro-
hydrocarbons, propane, isobutene, etc.), ammonia, and interest and research into low
temperature flash is also on the rise.

Beside the two plants described above, recent projects in Austria, including the Rogner Hotel
and Spa Eco-Resort in Bad Blumau (fig. 8) and the geothermal district heating project in Altheim
(fig. 9), are excellent examples of integrated projects designed to both provide power and supply
space heating.

Fig. 9: Air-cooled ORC power plant (250 kW,) in the CHP-system in Bad Blumau, Austria (photo
ORMAT)

11
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Fig. 9: Geothermal CHP in Altheim, Austria: power plant building (left) and water-cooled ORC
plant inside (700 kW, net capacity, right)

Summary

Geothermal is well suited to co-generation, and the relevant technology is existing and in a
current process of optimisation in order to make it more efficient. This is in particular desired on
the power generation side of the plants. With the classic geothermal energy source, geothermal
CHP so far is confined to certain areas.

High enthalpy opportunities are limited to these regions:
Within EU territory: Italy, Greece, French DOM-TOM (e.g. Guadeloupe), Spanish Canary
islands and Portugal (Azores)
Rest of Europe: Iceland and Turkey

The use of low-temperature binary power plants for geothermal CHP can be done in all basin
areas with hydrogeothermal resources of sufficient temperature, as to be found in:
the Alpine Molasse basins (both north and south of the Alps)
the Pannonian basin (Hungary and parts of Slovakia, Slovenia, Serbia and Romania)
to a lesser extend, in the basin area extending from the Paris basin (incl. Southern England)
through Benelux, Northern Germany, Denmark and the southernmost tip of Sweden into
Poland and Lithuania.
Another geological feature allowing for this kind of CHP-plants are graben systems
- the Upper Rhine Graben (with a lot of ongoing geothermal power activity in the German part
of the graben)
the Rhone and Limagne graben systems in France
several smaller, but highly prospective systems in South-East Europe (Serbia, FYROM,
Bulgaria, Greece).

A successful demonstration of EGS systems (currently R&D in Soultz-sous-Foréts, France)
might enlarge the possible area to most of Central, Western and Southern Europe.

12
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BARRIERS TO GROWTH

As already mentioned, this energy source is confined to certain areas. However, suitable regions
are still existing plentifully in respect to the small number of actual uses. The replication potential
of both the high enthalpy and low temperature systems is high for a number of years, as long as
it might take to make EGS economically viable and thus to enlarge the potential area
substantially. Thus, the limitation to certain specific regions cannot be seen as a real barrier at
the moment.

The most problematic barriers identified comprise:

1. legal and administrative procedures

2. high initial cost

3. no guarantee of the geological success

4. the need to have both the resource and the heat consumers in close vicinity

5. in low-temperature plants, poor efficiency on the electric power production side
to 1:

Here the following points are problematic in some countries (see also report on FIS):
Right to use the resource, ownership of the resource
High fees and even some royalties on the use of the resource (in contrary to wind and solar!)
Lengthy administrative procedures, little or no experience with the relevant authorities

to 2:

The initial cost include drilling, well completion, the geothermal surface installations, the power
plant and the district heating network. They are higher than for a conventional plant using natural
gas or fuel oil. A geothermal plant covers everything from the production of the primary energy to
the supply to the end users, with little external energy input (or even no external input in case
geothermal power is used for that). In comparison, a plant using fossil fuel just has to cover the
energy conversion part and the heating network, as the primary energy is bought from outside.
The cost for the oil wells, gas pipelines etc. are not part of the initial cost of the conventional
power plant; they are paid as part of the cost for oil and gas, and thus part of the operating cost.
The investor has not to pay such cost up front, but distributed over the total lifetime of the plant.
On the other hand, as the operation cost for geothermal CHP plants are low, the pay-back of the
higher initial cost is secured as long as the plant lifetime exceeds the payback time. This is a
typical scenario for all renewable energies. With geothermal energy, there is a specific problem,
as the budget that has to be covered in the beginning is also high in absolute numbers, i.e. in the
order of several 10 million . For such high sums investment decisions and procedures are
complex, and any possible risk is important (see item 3).

to 3:

All technologies requiring underground operation carry a certain geological risk, as the
underground is not subject to direct observation before the construction is done. Modern
geophysical methods allow for a high degree of certainty in site investigations, but a 100 %
guarantee is impossible. Because relatively high sums are at stake in a geothermal development
(e.g., the first borehole of some million might be a loss), investors require a higher potential
benefit to offset the risk.

to 4:
This is an issue which can not yet be controlled. It is intrinsic to the heating site of the system, as
heat cannot be transported over long distances. Some Icelandic plants with distances between

13
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production wells and users of several tens of kilometres are an exception (e.g. Husavik in
Northern Iceland or Nesjavellir, serving Reykjavik at more than 30 km distance!).

In general, the distance from the geothermal resource to the user most not exceed 2-3 km. As
an example, one of the economic burdens of the Podhale geothermal power plant in Poland is
the long pipeline up to Zakopane, also negotiating several 100 m difference in elevation!

Neither the geothermal resource nor the cities can be moved. Luckily, most hydrogeothermal
resources are spreading over certain areas, so the chances for suitable users are higher. It also
may considered to locate specific users close to the resource, e.g. industrial and commercial
areas or agricultural/horticultural facilities.

to 5:

The current efficiency of low-temperature binary plants is about 7-12 %. For a small amount of
electric power, a large amount of geothermal water has to be circulated, and a considerable
amount of heat has to be removed by the condenser cooling. The shear size of all this
equipment in relation to the power output adds to the high system cost. The relations can be
seen in fig. 9, where the power production unit is just the small box at the lower right end of the
instalation.

14
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RECOMMENDATIONS

Here some measures are suggested to overcome the barriers identified before, which are:

1. legal and administrative procedures

2. high initial cost

3. no guarantee of the geological success

4. the need to have both the resource and the heat consumers in close vicinity

5. in low-temperature plants, poor efficiency on the electric power production side
to 1:

Harmonisation of the legal status of the geothermal resource and the rights to use it, with the
goal to give the investor a secure and exclusive right to use a specific geothermal resource. Also
the licensing procedures, relevant fees, etc. have to be made coherent and suited for the
purpose of both supporting geothermal energy and protecting groundwater reservoirs. The
request for exaggerated fees, or for royalties for the energy, should be abolished in all member
states, to allow geothermal energy the same conditions as other renewable energies. It is not a
consistent policy to support geothermal CHP plants with state money, and to ask for royalty
payments to the state for the resource.

to 2:

For the initial cost, financial incentives are crucial. For such large plants as geothermal CHP,
direct subsidies typically are not well suited, as they bind to much public money. Low-interest
loans and guarantees are more appropriate. Also tax incentives might help to interest private
investors in the technology (as done in the 1980s for the geothermal district heating in France).
An additional help for sound economics of a project are feed-in tariffs for the energy produced,
as for power in the German EEG. A similar scheme for the heat sold through the network would
be highly helpful.

to 3:

On the level of EU, member countries and states/regions, a continued geological investigation
and the built-up and/or extention of underground databases can help to reduce risks. Also
guarantees and complementary measures to private-sector insurance schemes might be
considered.

to 4:

The geology cannot be changed by policy. Possible action therefore can be the increased
support for R&D on Enhanced Geothermal Systems (EGS), mainly in order to replicate the
Soultz results at other sites in Europe. Also the support of settling new industrial or agricultural
heat consumers close to the resource will be helpful.

to 5:

The only way to put away this barrier are increased R&D-efforts on low-temperature power
generation cycles. Improved ORC-plants with new working media are a possible solution as well
as improved Kalina cycle plants (only one exists up to now, in Husavik in Iceland, the
construction of which had been supported in FP5). The goal is to bring the practical engineering
possibilities closer to the limits given by the laws of physics.
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