SOLAR DISTRICT HEATING CHALLENGE IN DALMATIA
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Abstract: Low energy and low density energy consumption, mostly due to residential sector, is most pronounced in Dalmatia in two periods - from March to the end of May and again from the middle of September to the middle of November. The energy consumption from the middle of November to the end of February is becoming higher due to the space heating, which is mostly covered by wood, electricity and heating oil. The energy consumption in June, July and August is also higher, mostly due to preparing sanitary hot water (SHW) for tourism and cooling. Dalmatia at present has no LNG network, while the distribution of LPG, particularly for the islands are not satisfactory in the summer season. The peaks of thermal energy demand in Dalmatia in winter and summer are therefore mostly covered by electricity. Many individual households use for heating in winter wood instead of electricity, avoiding high cost burden. The high levels of solar radiation (yearly average 5 kWh/m2d) in Dalmatia, offers opportunities for use of solar energy for preparing SHW, heating of swimming pools, space heating, block and district heating, air-conditioning, industrial process heating, and refrigeration. The realistic national targets are 80% substitution of electricity for preparing SHW until 2010 and 50% substitution of electricity, wood and heating oil consumption for the space heating until 2020 in the Region. District heating plants of the “Marstal” type, having large solar collector area (~10.000 m2), could economically produce the low temperature heat at the price, which is competitive with fossil energy sources and electricity. Macroeconomic spin-offs of going solar at the economy of scales are very serious - new jobs, foreign investments, new and clean energy technologies for local use and exports, revitalization of local industry production, large savings of fossil imports, lower environmental burden, positive effects in tourism and many others. Going solar at the economy of scales means at the same time more engagement of solar and industry experts from EU member countries, which is the real first step necessary for all future Euro-integration’s of Croatia.
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1. INTRODUCTION

The prospects of large-scale solar heating systems for preparing the sanitary hot water (SHW) and heating of large and small buildings areas in Dalmatia, mostly for residential and hotel building areas, are technically and economically evaluated and compared with conventional fossil central block- and district heating plants (1(. Low thermal energy consumption density in the coastal region and particularly on the islands, together with a rather high abundance of solar radiation in Dalmatia (at yearly average of 5,0 kWh/m2d), qualify solar energy as reliable and competitive source of low temperature (<80 °C) thermal energy. High SHW demand, mostly for tourism and residential area (hotels, swimming pools, guest houses, autocamps, apartments, rooms etc.), together with rather high cooling demand, overlapping with highest solar radiation levels (7 kWh/m2d) in the summer, as well as the district heating potential in the winter, provide all necessary prerequisites for the commercial use of large scale solar thermal plants in Dalmatia (2,3(. The main obstacle for solar energy use for district heating and cooling are low thermal insulation standards in Dalmatia and non adequate architectural design for most buildings, which provide high thermal losses and low solar gains in winter and high solar gains in summer, thus contributing to much higher heating and cooling demand in buildings. The potential of reducing residential and commercial energy demand in Dalmatia was estimated at the level of 50-80% compared to the present energy consumption (4(.

The present energy demand for preparing SHW for tourists in the coastal region in July and August of 1.600 MWh/day is expected to grow during the next few years to a value of 2.000 MWh/day, which means the consumption of electricity and/or fossil fuels (light heating oil 1.700-2.100 t/day, or natural gas 2,1-2,6 millions of m3/day). The total energy consumption of 760 GWh/a for preparing SHW in all littoral households in the Adriatic region has been estimated. More than 90% of this energy demand is covered by electricity, which means electric energy consumption for preparing SHW in electric boilers of 680 GWh/a, or more. The energy consumption of tourists in private apartments and rooms was excluded in the above estimate. The yearly energy consumption for preparing SHW in islands households (without tourism) was estimated at the level of 60 GWh/a.

The energy consumption for space heating in littoral provinces is presently covered by light heating oil, electricity and wood. Natural gas network does not exist in the Region yet. Block heating (BH) and district heating (DH) in residential sector is rather rare. Most buildings, in particular in the residential sector, use individual (oft old fashioned) solutions for heating. The total residential heating potential in the Adriatic region was estimated at the level of 3 TWh/a, of which electricity and wood cover together more than 80%. The energy consumption in commercial sectors and industry was excluded in above estimate.

The energy consumption for space cooling in littoral provinces is presently more and more covered by individual split-systems using electricity. The present energy consumption for cooling in littoral provinces has been estimated at the level of 200 GWh/a, with a yearly grow rate of that specific market of 10-15%.

Large scale solar heating in Dalmatia has excellent prospects, due to a mild Mediterranean climate and high irradiation levels on South facing 45° tilted surfaces of 4,3 kWh/m2d in winter and 6,0 kWh/m2d in summer, respectively.

2. THE PROSPECTS OF SOLAR DISTRICT HEATING PLANT IN DALMATIA

The reference solar plant

The reference plant is the hybrid solar energy plant at Marstal in Denmark. The Marstal plant supply 15% of the total yearly thermal energy demand at the island of Aero for heat used in preparing SHW and space heating. The rest (85%) of the yearly energy supply, Marstal plant supplies by running on waste-oil.

The pressurized solar system consists of 9.043 m2 of ARCON flat plate solar collectors with an annual thermal energy output (at supply pipe temperature in summer at 70-72°C) of 3,25 GWth/a (432 kWh/m2) in average. The thermal storage tank of 2.100 m3 (about 75 MWh of stored energy at 72°C) is aimed to cover 3-5 days thermal energy demand for 1250 households in summer.

The unit investment costs of the installed Marstal plant were 669 DM/m2 with subsides of 161 DM/m2 and production costs of 71,9 DM/MWh.

Solar district heating plants in Dalmatia

Taking into account only the relative radiation ratio of 1,67 of yearly average solar radiation of 5,0 kWh/m2d in Dalmatia and 3,0 kWh/m2d in Denmark, respectively and supposing additionally the same storage volume of 2.100 m3, the collector area of 5.200 m2 at Split, could produce the same energy output of 3,25 GWh/a (750 kWh/m2d), as in Marstal. Actually, much higher winter ambient temperatures in Dalmatia, make thermal losses smaller than in Denmark and total production of 880 kWh/m2a were deemed to be more realistic. The calculate costs of thermal energy at the wide area of Split of 62,80 DM/MWh, has been estimated. Furthermore, the outer Adriatic islands in Dalmatia like Hvar, Kočula, Lastovo, Mljet and some others, have more sunshine hours than Split. The production of 1000 MWh/m2a on those islands is achievable with supply costs of heat energy, which could be as low as 55,30 DM/MWh. This energy production price is about 80% of the LPG price alone, or about one third of the price of heat in Zagreb, respectively. The solar system could by 100% cover the yearly energy demand for preparing SHW, while the energy for winter space heating in the Adriatic region could provide the solar energy by coverage of 75-80%, using (2-3 days) short-term storage units, and LPG as a back-up energy source in periods of four and more consecutive cloudy days, with total yearly coverage of 20-25%.

If one would distribute in winter the heat at lower temperature levels (30-35°C) in Dalmatia, the net thermal yield of solar collectors would become significantly higher, with simultaneously lower distribution costs, due to much lower investments in less insolated heat distribution network. The heating temperature level of 55°C for end users would be available by using locally installed heat pumps, which could make possible also the block and district cooling during the summer season, as an alternative to the present less favorable use of split systems for cooling and electric boilers for preparing SHW, both using electricity for the low temperature heating at levels of 45-80°C. Locally installed heat pumps, would also significantly improve the overall economy of the block and district heating bearing thus much smaller heating and cooling costs for the residential sector, tourist industry and other commercial service premises.

3. THE SOLAR MARKET POTENTIAL IN THE ADRIATIC REGION

The Adriatic region of Croatia, with Mediterranean climate and 2500-3000 h/a of solar irradiation, has a technical potential for using solar energy, which is quite comparable with Greece, which has presently in use nearly 3.000.000 m2 of installed solar collectors. Croatia has in use at most 100.000 m2 of installed solar collectors, where at least 50% are inoperable. If one compares the operable solar collector area in Croatia with installed collectors in Austria, Croatia has presently in use only 2,8% of installed collector area in Austria.

The present potential of solar collector use of 4.000.000 m2 in the littoral provinces, which by solar coverage of 80% could substitute the use of conventional energy sources, like fossil fuels and electricity for preparing SHW and low temperature block and/or district heating, has been assessed. For new buildings and solar settlements in Dalmatia to be built in next 20 years, having provisions for passive use of solar energy and lower thermal (due to better thermal insulation of buildings) and ventilation losses, the solar coverage of 100% on islands is a realistic target.

As an illustration, the year 2000 potential for use of flat plate solar collectors covering energy demand for preparing SHW and low temperature (50/40) block heating in residential and commercial sectors on some large Adriatic islands in South Dalmatia is presented in Table 1.

If Croatia would produce for its own market 100.000 m2 solar collectors per year (at ex works production costs of 250 DM/m2), at least forty years (without imports) would be necessary for covering of our needs. Solar collectors of 100.000 m2 if installed each year, would produce 0,1 TWh of useful heat for end users. Solar collectors thus could in next 40 years period every

year substitute additional 9.000 tons  of light heating oil, which if paid just  as  crude  oil only

Table 1. Market potential for flat plate solar collectors on the South Dalmatia islands

Island
Area

km2
Population
Collector area

m2

Brač
394,6
13.824
70.000

Hvar
295,7
11.450
60.000

Vis
88,3
4.338
20.000

Korčula
276,0
17.038
90.000

Lastovo
46,9
1.205
6.000

Mljet
100,4
1.237
6.000

(32 USD/barrel), could save on our oil imports an amount of 4.250.000 DM per year. In reality one has to import about 80.000 tons of crude oil (in order to produce 9.000 light heating oil), which means import expenditures without transport costs of 19 millions USD.

Domestic hot water production and heating of open area swimming pools in tourist area offers opportunities to polypropylene absorbers; a production volume of 30-50.000 m2 per year could cover the local market’s demand. Block and district heating, air-conditioning and industrial process (pre)heating could be solved by high efficiency flat plate solar collectors; a production volume of 100-120.000 m2 per year could be adequate for the local market.

4. ECONOMY OF SCALE CHALLENGE IN CROATIA

Despite of large solar energy potential, Croatia still uses solar energy on a very small system scale. Small installations were mostly used in detached houses, small guesthouses and restaurants for preparing SHW. Such solar systems were mostly of very small (( 25 m2) solar collector area. Somewhat larger solar systems ((250 m2) have been used in the past for preparing SHW in motor camps and smaller hotels, mostly in the County of Istria. There are no large or very large solar installations in Croatia as yet. The overall experience was that most of such installations were of quite a low quality using the first and second generation of solar collectors’ design. The installation price was that high, that no correspondence with their energy yield could be established. In addition, after 3-5 years many of such installations were out of operation, and most of end-users came back to old electric boilers. Such installations never paid back their investments. Therefore, the Croatian market for such small systems is presently very tight, mostly due to such unfavorable image.

In last ten years solar collector and absorber technology became mature, but the end-user price for small solar systems still remains high for private owners of detached residential houses.

The present market situation can not be changed if one persists on small systems, even if they were in large numbers; e.g. the program of 1000 roofs of 4-8 m2 collector area in Croatia has no chance at present without 40% subsidies, loans with as low as 6% interest rate, 1-2 years grace period and other measures supporting the program, which is deemed as unrealistic as yet. The (only) break-through opportunities at present in Croatia are large ((1.000 m2) and very large ((2.500 m2) solar installations all situated in the Adriatic region, characterized by highest irradiation levels. Such installments could pay back their investments in 4-6 years without any subside from the State. The main reason is a factor of 3 lower price per square meter for large and very large area solar collector installations (see Table 2).

Table 2 Price level of solar systems as a function of collector area

System description
Collector area
System price*)

small-size systems
( 100 m2
1.500 DM/m2

middle-size systems
100-1.000 m2
  1000 DM/m2

large-size systems
1.000-5.000 m2
  750 DM/m2

very large-size systems
( 5.000 m2
  500 DM/m2

*) Rough estimates

The heat production of 10 MW district heating solar plant of “Marstal type” demonstrates the production costs, which are competitive with conventional sources as shown in Table 3.

Table 3 “Marstal-type” solar district heating plant parameters

DISTRICT HEATING PLANT



Plant thermal power
10
MW

Yearly thermal production of the plant
22.000
MWh/a

Solar system



Planned solar coverage ratio
74,0%


Installed solar collector system, area
13.800
m2

Installed heat pump, compressor power
400
kWe

Investment
7.472.394
DM

Solar production of heat
16.276
MWh/a

O&M costs
203.794
DM/a

Interest rate on invested capital
7,0%
/a

Solar production costs in Split at plant threshold
62,3
DM/MWh





Conventional plant system 



Planned LPG coverage ratio
26,0%


Type of fuel
LPG


Installed boiler system
3,8
MW

Conventional boiler production of heat
5.724
MWh/a

Investment
572.394
DM

Yearly fuel costs
319.199
DM/a

Yearly M&O costs
31.920
DM/a

LPG production costs in Split at plant threshold
64,2
DM/MWh

Solar + LPG production



Heat production costs in Split at plant threshold
62,8
DM/MWh

Solar system price level of 500 DM/m2 if presently installed in the Adriatic region is already fully competitive with all conventional energy carriers like oil, gas or electricity even without any subsides from the State. Solar collector factory in Croatia with capacity of 100.000 m2 per year and yearly installments of 8-9 large systems (each of 10.000 m2) and 10.000 m2 installments in private residential and service sector could be a break-through, where all the participants “which divide the cake”, could make money with payback periods of approximately 5 years. The end-user of solar energy would also profit by smaller price of energy in his products and services, without any price escalations for energy, which is now too sensitive onto higher prices at fossil fuel and electricity markets.

Supposing the conventional fossil fired plant of the same (10 MW) capacity, which would use the heating oil, and assuming 130 DM/kW as investment expenditure, 85% as an average boiler efficiency to the energy conversion, 2.300 t/a fuel consumption, O&M costs at the level of 10% fuel costs, fuel price for large consumers at 337 DM/t and fuel price escalation rate of 3% above the yearly average inflation rate, 7% interest rate for capital loan on 15 years and no grace period, the energy production price at plant threshold will come up to 55 DM/MWh.

Taking the same size of LPG fired plant, same investment and capital expenditures, same boiler efficiency, 2.000 t/a fuel consumption, 618 DM/t fuel price and by assumption of the same escalation and inflation rates, the production costs at plant threshold are of 68 DM/MWh.

5. SPIN-OFF EFFECTS AND BENEFITS FOR THE NATIONAL ECONOMY

The benefits of the solar energy program, defined as national priority and strategy may at the economy of scales significantly surpass many other measures of national economy in order to re-establish and innovate the local industry production, industrial research, services of energy utilities, infrastructure and wide range of environmental services, design and construction of buildings, tourist products and services, education and many others. The yearly production of 100.000 m2 solar collectors directly opens about 400 new jobs in solar industry and services per year, and creates at least 400-600 new jobs every year in other economy sectors. The solar program will directly contribute to the sustainable development of the Adriatic coast, and in particular of the islands. Solar program is offering a wide range of opportunities for foreign investments in under-developed Adriatic coastal and island areas, in establishing a “1 to 1” co-operation with relevant European institutions and industry. It also attracts interest of many European solar, and industry experts for their engagement in multilateral co-operation of Croatia with EU countries in solar and other related fields.

From the ecological point of view, the large-scale solar program offers the unique option for Croatia to fulfill the Kyoto protocol. Every year the additional savings in the heating oil consumption of 9.000 t/a, would lower the greenhouse gas emissions like CO2 (24.000 t/a), NOx (32 t/a) and SO2 (27 t/a), respectively. The same reduction level of greenhouse gas emissions could be also achieved if substituting the thermal use of electricity, where halve electricity production was assumed to come from the hydropower plants and another halves from the fossil-power plants.

Manufacturing capacities in industrial and customs free zones in Rijeka and Split could be reactivated on the large scale local production of solar components like collectors, absorbers, thermal storage units, heat exchangers, piping, electronic control units and other equipment mostly for (known) local customers (keeping transport, marketing and distribution costs as low as practically achievable, which means the utmost lowest solar system installment price in the Region). Many skilled workers from the shipbuilding industry could be successfully used for field mounting and installments of the large-scale district heating solar systems at site.

6. SITING OF LARGE SCALE DEMONSTRATION PLANTS

First large scale solar district heating plant (of ( 10.000 m2 collector area) in Croatia, which is deemed as being reliable demonstration plant in verifying technology and economy of such systems at local conditions in Croatia, could be best sited in Dalmatia, which has the highest solar radiation levels. The plant of course must be tailored to the year-round heat consumption basins, like the City of Kaštela, or some other districts in the City of Split, Trogir, Makarska or some other.

The first solar block heating plants (of ( 1.000 m2 collector area), supplying 100% clean energy, used for demonstration, could be easily located in the vicinity of tourist accommodation capacities to heat the SHW for tourists and swimming pools and also to supply heat for space heating of the residential and commercial buildings in the winter. Such demonstration units could be well sited in the City of Hvar, or Jelsa and Starigrad, where detailed data on the energy consumption already exists.

7. “TO BE - OR NOT TO BE?”

Croatia presently prepare documents in which development strategy of the national economy must define in headlines different sector priorities and give impetus to all measures and trends, which are necessary in stabilizing the national economy. The answers on issues like opening of new jobs, activating all available indigenous resources, revitalization of certain industrial production, development of new generation of services, building and renovation the present infrastructure, like roads, water and energy supply, telecommunications and more. The energy strategy, which is also in preparation, must follow the targets of the national economy development. Our time and resources are becoming shorter and shorter, and our principle of least action used so often as daily practice says, that both strategies could be made much easier if some extrapolation (read: imitation) of the previous economy and energy development strategy of 80’s in the former Yugoslavia were used.

The present position of Croatia is very much different in most aspects to that one in former Yugoslavia. Also the opportunities in the new surrounding are very much new. Croatia needs new inovative ideas and new inovative solutions in both economy and energy. These solutions have to be unique for Croatia, as they are unique in Europe. For such decisions, our decision-makers need more then average responsibility and courage. Help of economy and energy experts coming from EU-member countries will be necessary, because Croatia does not have the critical mass of expert knowledge to solve all interface and interdependent problems. Croatia must not have a “bad strategy”, but in order to avoid it, we must have a courage to say that such a task needs more manpower and more months than foreseen. Any strategy, also bad strategy means (wrong) signals to all economy sectors. To be - or not to be, the question is now! Shall we have enough wisdom to answer in a right way? Solar option will soon become a litmus-paper to see, if we are able and ready to analyze in cool atmosphere also such unusual options we were not used to in the past.
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IZAZOV PODRUČNOGA GRIJANJA KORIŠTENJEM SUNČEVE ENERGIJE U DALMACIJI

Sažetak: Niska potrošnja i mala gostoća potrošnje energije, uglavnom u stambenom sektoru, u Dalmaciji je najviše izražena u dva razdoblja od ožujka do kraja svibnja i opet od sredine rujna do sredine studenog. Energetska potrošnja od sredine studenog do kraja veljače postaje značajno veća zbog grijanja stambenih i poslovnih prostora, kod čega obiteljske zgrade najčešće koriste drvo i električnu energiju za grijanje, dok poslovne zgrade i područna grijanja koriste najčešće lož ulje. Energetska potrošnja u lipnju, srpnju i kolovozu također raste, uglavnom za pripremu sanitarne tople vode i hlađenje. Dalmacija nema umreženi prirodni plin, a distribucija ukapljenog naftnog plina posebice na otocima nije zadovoljavajuća u ljetnoj sezoni, kad često dolazi do nestašica. Veliki dio toplinskih potreba u Dalmaciji tijekom ljeta i zime pokriva se stoga električnom energijom. Mnogi privatni stanovi griju se na drva, jer ne mogu plaćati skupu električnu energiju. Visoka razina sunčeva zračenja tijekom cijele godine u Dalmaciji (godišnji prosjek je na lokaciji Splita 5,0 kWh/m2d) otvara perspektivu većem korištenju sunčeve energije za pripremu sanitarne tople vode, grijanje bazena, grijanje prostorija, područno i komunalno grijanje, osiguranje procesne topline za industriju, te za klimatizaciju prostorija i rad rashladnih postrojenja. Realni ciljevi nacionalnog programa za korištenje sunčeve energije bili bi supstitucija 80% od sadašnje potrošnje električne energije za grijanje sanitarne vode do 2010. godine i supstitucija 50% od sadašnje potrošnje konvencionalnih energenata za grijanje prostorija do 2020. godine. Komunalne toplane tipa “Marstal”, s velikom površinom kolektora (~10.000 m2), mogu ekonomično proizvoditi niskotemperaturnu toplinu po cijeni, koja je posve usporediva s konvencionalnim energentima, a posebice sa (skupljom) električnom energijom. Posredni efekti korištenja sunčeve energije na većoj ekonomskoj skali vrlo su značajni za makroekonomiju zemlje. Sunčeva energija otvara brojna nova radna mjesta, osigurava mnoga inostrana ulaganja, koristi ekološki čiste izvore lokalno raspoložive energije za lokalnu uporabu i izvoz, revitalizira lokalnu industrijsku proizvodnju, štedi uvozne fosilne energente i pozitivno utječe na platnu bilancu zemlje, smanjuje štetne utjecaje energetske proizvodnje na okoliš, pozitivno utječe na turizam i mnoge druge sektore. Korištenje sunčeve energije na velikoj ekonomskoj skali automatski znači mnogo veći angažman solarnih i industrijskih eksperata iz zemlja članica EU, što je zaista prvi neophodan korak za sve buduće integracije Hrvatske u Europu.

Ključne riječi: sunčeva energija, komunalno i područno grijanje, referentna toplana


