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Introduction
This report is prepared to evaluate various alternative development possibilities of centralised district heating systems in small towns and to determine usefulness of each of these alternatives as well as to assess economic and environmental costs and benefits of possible technological solutions. Alūksne is a typical small town in Latvia with problems characteristic to small municipalities. 
Heat supply systems in small towns use different technological solutions; have different heat demand and level of heating system’s centralization as well as different purchase power, social benefits and professional skills of officials in municipality.  
Aspects affecting functionality of heating system in small municipalities are various and differ by following properties:  

· heat consumer dispersion and distance from energy source;
· demographic tendencies;

· change of energy efficiency of end users in time;

· consistency of energy usage decrease;

· centralization level of heating system;

· purchase power;

· social benefits system;

· service level of heat supply and involved stakeholders.

Historical indicators and indicators defined by European Union can be used to monitor change of all these aspects in time.

The aspects differ with their importance and weight, which has to be considered, when evaluating them both separately and together and when predicting hypothetical development of heating system. 

The first and the most important issue is energy efficiency improvement of energy end-users. Energy savings are related to municipality’s policy and implemented measures. Energy saving scenarios may be different:
· municipality reduce energy consumption in public buildings by 50% in two years;

· municipality motivates inhabitants to implement energy saving measures that reduces energy consumption by 50% in two years.
1. Current situation
The centralised district heating system of Alūksne requires reconstruction. If efficiency of the heating systems is not improved, heating tariffs will inevitably increase. 
It is necessary to choose pathway for development of the heating system in Alūksne. Alternatives are several. Two opposite alternatives are following:

· decentralisation of the heating system by installing individual heating devices in each building or group of buildings and detaching from centralised heating system’s network,

or 

· develop centralised heating system in previously unprecedented manner by abandoning existing energy sources (including those which are well functioning) and developing only single energy source (boiler house).

There is also third alternative which dictated by compromise and common sense: continue to improve existing heating system by moving towards partial decentralisation step-by-step. This would require development of each existing energy source and optimisation of length, diameter and design of pipes that are part of heat distribution pipelines. 
Two projects were developed in order to attract funds from European Union Cohesion Fund:
1. Optimization of boiler house operation and energy efficiency improvement in Alūksne (Project No.: 3DP/3.5.2.1.1/10/APIA/LIAA/021);
2. District heating network reconstruction and new heat distribution pipeline construction in Alūksne (Project No.: 3DP/3.5.2.1.1/10/APIA/LIAA/020).
This co-funding is already received and currently acquisition of these funds is going on. Tender for procurement of equipment and heat distribution pipes closed in May 2012. 

In order to understand usefulness of technological solutions, analysis of current situation was performed using two different types of information sources:
· documentation of the project proposal;
· information from administration of district heating company Simone PLC and also from archive of Ekodoma.

Available information sometimes was contradicting in terms of numerical values as well as operational design of system as such. 
1.1. Energy sources
According to project proposal district heating company Simone PLC provides operates in 5 boiler houses:  
· Parka street 2c (space heating area 69872 m2);

· Kārklu street 5 (space heating area 17532 m2);

· Rīgas street 3 (space heating area 16013 m2);

· Merķeļa street 18 (space heating area 10584 m2);

· Ziemeru street 12 (space heating area 7542 m2).

Information in project documentation differs from real life situation. 
District heating system total load is covered by five boiler houses: four Simone PLC boiler houses and one boiler house is owned by another company from which Simone PLC buys thermal energy. Simone PLC boiler houses are located in following locations within the town:
· Parka street; 

· Apes street;
· Torņa street;
· Laurencenes streets boiler house have new water heating boiler that uses pellets and heat losses in pipelines are low – 11%; 

· Merķeļa streets boiler house is closed and thermal energy is bought from nearby company. 

Consumers connected to Laurencenes street boiler house and energy source that substituted Merķeļa street boiler house consumes 3330 MWh annually. It means that part of district heating system is already in order. In reality total amount of thermal energy produced in the boiler house and bought form the company is 25 725 MWh/year. 

Existing situation in boiler houses in project proposal ‘Optimization of boiler house operation and energy efficiency improvement in Alūksne’ is described as: 
„Alūksne town does not have united district heating system that would provide heating and hot water in whole territory of the town. According to previously conducted studies energy efficiency of boiler houses is low. On average three to four failures occur in boiler houses annually, where failures were fixed in a day.

By analysing existing situation, it was concluded that district heating system in Alūksne would work efficiently if boiler houses in Parka, Rīgas, Kārklu and Merķeļa streets were reconstructed.” 
1.2. District heating network
Existing situation in district heating network in project proposal: ‘District heating network reconstruction and new heat distribution pipeline construction in Alūksne’ is described as: “Alūksne town does not have united district heating system that would provide heating and hot water in whole territory of the town. Assessing condition of existing pipelines, pipelines are 100% worn out or in the state of emergency. Configuration of pipelines is not optimal in various sections of the network, because it has been developed step-by-step according to new building projects without considering possible developments in the future. Heat losses from district heating network managed by Simone PLC reached 29.19-43.77% in 2009, which is very high value. This value is negatively affected by operation of boiler houses during summer period when only hot water is provided. Heat consumption during summer reduces about ten times when compared to average heat load during heating season. Therefore reconstruction of existing district heating network is required.

In addition it has to be pointed out that district heating network in Alūksne in general  is scattered with only one significant boiler house with total output 8 MW. It is located in Parka street. Considering economical aspects, Simone LPC has decided to set up one united and efficient district heating system.”
According to collected data, if thermal energy sold to consumers is subtracted from produced and bought thermal energy then total heat losses accounts for up to 7000 MWh/year. 
Heat loss was determined separately for district heating systems linked to boiler houses in Parka, Apes and Torņa streets. Total heat losses in these district heating networks are 6654 MWh/year. Rest of the heat losses were evaluated in district heating network that was already in order and operated well. Energy sources both in Merkela street boiler house and Laurences street pellet boiler house are located close to energy consumers, therefore heat losses from pipelines are minimal and do not exceed 350 MWh/year.  
1.3. Thermal energy consumers
Thermal energy consumers in Alūksne mainly are public buildings and apartment buildings in the town. In total 17 800 MWh/year are consumed in these buildings.  

Thermal energy consumption in buildings connected to the centralised heating system varied substantially in 2011. Energy consumption data provided by Simone PLC were mathematically processed and aggregated in Figure 1. 
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Figure 1. Energy consumption in buildings in 2011 according to data collected from Simone PLC 
As it is visible in Figure 1, energy consumption differs from building to building. It fluctuate in wide range – starting from few dozen kWh/(m2∙year) to 180 kWh/(m2∙year). Specific thermal energy consumption of consumers connected to district heating network does not differ from specific thermal energy consumption characteristic to apartment buildings. Low energy consumption indicates that it is likely that there are many apartment buildings where several apartments have disconnected from district heating system. Specific attentions should be paid to buildings with high specific heating consumption. Sooner or later thermal energy consumption will reduce in these buildings. It will occur because of renovation of buildings that includes insulation and change of windows or because of regulatory norms that will be introduced and will not tolerate energy wasting.  
2. Development alternatives 
Two technical and economic feasibility studies were included in the project proposals. Different development alternatives have been investigated in each of them. 
District heating pipeline reconstruction project proposal is based on technical and economic feasibility study, in which following solutions for the problem were proposed:  
1. reconstruct existing district heating network and connect currently separated systems in one efficient network; 
2. do not invest significant money assets in reconstruction at the moment; 
3. abandon of district heating in the town Alūksne.
Project proposal that considers reconstruction of boiler houses is based on technical and economic feasibility study, in which following solutions for the problem were proposed: 

1. modernisation of four boiler houses in the town Alūksne; 

2. optimisation of four boiler houses linking them in single district heating network and installing boiler that uses wood chips; 
3. optimisation of four boiler houses linking them in single district heating network and installing boiler house that uses liquid fuel; 

4. abandoning district heating in the town Alūksne.;

5. choice not to invest significant money assets in modernisation of boiler houses or unification of the separate district heating systems at the moment.

It is stated in the second project proposal that majority of the boiler houses in the town Alūksne is in bad technical condition. “Therefore it is not possible to postpone reconstruction and investments in the nearest time. By postponing investments operating would increase, system failures would occur more often, heat supply to end users would become inconsistent and thermal energy tariffs would increase. However, abandoning district heating system would not benefit to any of involved stakeholders either on energy production or consumption side. Implementation of the first and the second differs only marginally in terms of investment, though linking the boiler houses in single district heating network would give better control and overview over thermal energy production. Single large boiler house would work more efficient than several small ones. It would also allow reducing operating costs since fewer boiler house operators will be required. 3rd, 4th and 5th alternatives are rejected because they are not economically feasible. Thermal energy production costs would increase right away and rapidly after introduction of boiler house that uses liquid fuel. The production costs would increase in long term if 4th or 5th alternative is implemented, which would mean raise in heating tariff. Therefore 2nd alternative is chosen -   optimisation of four boiler houses linking them in single district heating network and installing boiler that uses wood chips.” 
2.1. A forecast of energy consumption in buildings 
Energy consumption in buildings will sooner or later reduce. It has to be considered when forecasting energy demand in district heating network. Energy consumption in buildings will reduce because it is a part of policy implemented by European Union and the government of Latvia, which will result in implementation of energy efficiency measures in buildings. 
Interview „Kā atdzesēt karstos rēķinus?” about future of housing sector with Minister of Economics of the Republic of Latvia in March 2nd 2012 confirms it: „According to data from the Ministry of Economics (ME) 71% of inhabitants in Latvia live in houses with large heat losses. Majority of these houses were built in the Soviet times and had poor construction quality (including, quality of windows, pipelines, thermal insulation of walls) which reflected perception of construction quality and energy efficiency “standards”. Inefficient heating systems are another problem because they have large energy losses. Therefore energy efficiency in buildings and thermal insulation of buildings is important objective of ME. Facts show that qualitatively insulated buildings consume even 60% less thermal energy than buildings, in which wind blows whistling. It significantly reduces expenditure for inhabitants, decreases impact on environment and reliance on energy resource import. 
The Ministry of Economics together with Investment and Development Agency of Latvia carry out several EU supported programs targeted at heat loss reduction from apartment buildings and energy efficiency improvement of heating systems. Dedicated funds for the programs exceed 100 million Latvian lats. With increased understanding about necessity of energy efficiency and its benefits, each year more and more inhabitants apply for the ME program of thermal insulation of buildings.”    
Buildings in Alūksne consume twice as much thermal energy they need. It means that by improving energy efficiency thermal energy demand will reduce in the town. Experience from thermal insulation projects in Latvia show that specific heating demand is about 80 kWh/(m2∙year) after typical energy efficiency measures are implemented (see benchmark in Figure 1).
Forecasted heat demand in the town Alūksne is 10 000 MWh/year, it will be reached steadily in next 5…10 years (see Figure 2). 
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Figure 2. Thermal energy demand forecast in the town Alūksne
The first buildings will be insulated in 2012. These buildings have received support from ME program thermal insulation of buildings. Forecasted energy demand was calculated by assuming that energy consumption will decrease by 30% on average, because thermal insulation quality will differ: there will be buildings that will reach maximum energy savings (55...60%) and there will be buildings that will reach only 15...20% energy savings.  
First of all public buildings will be insulated, because tenants in these buildings will be forced to reduce thermal energy consumption in order to reduce payments for heating. Heat load analysis results are missing in the project proposal documentation.
2.2. A forecast of thermal energy production
2.2.1. Essence of the projects’ proposal 
In order to bring order to district heating system in Alūksne two European Union Cohesion Fund’s projects were developed: 

1. In the project proposal: „District heating network reconstruction and new heat distribution pipeline construction in Alūksne”
„District heating pipelines are completely replaced in Merķela street in the project, pipelines are partly replaced in Parka streets’ boiler house and Kārklu streets’s boiler house district heating network. Boiler houses in Rīgas, Kārklu and Merķeļa streets are connected to Parka street’s boiler house. Total length of reconstructed and new heat distribution pipeline is about 6,2 km. Boiler houses in Rīgas, Kārklu and Merķeļa streets are closed and their respective distric heating network systems are connected to Parka street’s boiler house i.e. four district heating network systems are linked together by reconstructing existing district hearting pipelines and by building new ones.
As a result of reconstruction and modernisation of district heating pipelines:
· heat transfer losses will reduce and Simone PLC thermal energy production efficiency will increase;

· consumption of fuel, water and electricity will reduce;
· risk of failure in district heating pipelines will decrease, ensuring lower expenses for repairing works and higher reliability of heat delivery to clients

· environmental pollution will reduce.”
Investments in pipeline reconstruction during this project are illustrated in Table 1.
Table 1
Proposed investments in district heating pipelines 
	No.
	Name of pipe
	Amount*
	Total cost without VAT, LVL

	1.
	Pre-insulated pipe for heat supply  Dn250/450 with installation 
	1050
	63378.00

	Main technical parameters: Dn250/450

	2.
	Pre-insulated pipe for heat supply   Dn200/355 with installation
	3808
	164696.00

	 Main technical parameters:: Dn200/355

	3.
	Pre-insulated pipe for heat supply   Dn159/280 with installation
	6040
	193219.60

	 Main technical parameters:: Dn159/280

	4.
	Pre-insulated pipe for heat supply   Dn139/250 with installation
	410
	10442.70

	 Main technical parameters:: Dn139/250

	5.
	Pre-insulated pipe for heat supply   Dn89/180 with installation
	762
	13213.08

	 Main technical parameters: Dn89/180

	6.
	Pre-insulated pipe for heat supply   Dn60/140 with installation
	368
	4511.68

	 Main technical parameters: Dn60/140


* Length of pipes given according to building cost estimate, running metres. 

2. In the project proposal: „Optimization of boiler house operation and energy efficiency improvement in Alūksne”
„Efficiency of district heating system in Alūksne will be improved in the project by reconstructing boiler house in Parka street, therefore capacity of four separate boiler houses will be merged. After the project implementation (in 2014) thermal energy production in boiler houses in Rīgas, Kārklu and Merķeļa streets will be terminated. 
In Parka street’s boiler house new wood chip boiler with 4,2 MW output, wood chip feeding system and smokestack will be installed. During the project storage area for wood chips will be expanded and shed for a new heating boiler will be built. Storage options for wood chips has to be improved, because currently part of fuel is exposed to precipitation.

After reconstruction and modernisation of the boiler house: 
· Simone PLC will increase thermal energy production efficiency;

· consumption of fuel, water and electricity will reduce;
· risk of failure in district heating pipelines will decrease, ensuring lower expenses for repairing works and higher reliability of heat delivery to clients

· environmental pollution will reduce.”
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Thermal energy output to district heating network will differ based on setting set for the project:
· in the case of district heating pipeline reconstruction, thermal energy output to network will be 22 000 MWh/year, but thermal energy sold will be 17000 MWh/year;

· in the case of boiler house optimisation, thermal energy output to network will be 24 000 MWh/year, but thermal energy sold will be 17000 MWh/year.

2.2.2. Project implementation benefits
Utilising information from project proposals it is possible to determine heat losses from district heating pipelines after implementation of the projects in Alūksne:
· If only the first project is implemented then heat losses would reduce by 
22000 - 17000 = 5000 MWh/year. 
· If only the second project is implemented heat losses would be higher 
24000-17000 = 7000  MWh/year. 
· If both projects are implemented then heat losses from district heating network would not change significantly because new pipeline would have to be built. 
From engineering technical viewpoint idea about united district heating network development in the town is proper. Heat distribution pipeline is technologically and economically feasible if specific heat load is 1 MW/km. In the case of town Alūksne, heat loads are too low. Measures are not engineering technically and economically feasible, because energy efficiency indicators of district heating system are not fulfilled.  
For instance, newly built pipeline from Parka street’s boiler house to Rīga street’s boiler house network is 2 km long. Specific heat load on 1 km is lower than 0,6 MW/km. It means that consumption is too low already and construction of such pipeline is economically unfeasible.  

As mentioned before thermal energy consumption will decrease during next 5 years since owners or managers of the buildings will implement energy saving measures. The forecasted thermal energy consumption is 10000 MWh/year. Therefore by implementing both project heat losses from district heating network will rise according to following equation:
Q ther.loss = 10000/(10000 + 7000)= 0,41. 

It means that the implementation of projects and energy efficiency improvement in the buildings could increase heat losses from the network up to 41%. 
The new wood chip water heater with output 4.2 MW can produce more thermal energy than it is necessary for whole system:
· if operating time is 5000 h/year;

Qk = 4,2* 5000 = 21 000 MWh/ year;
·  if operating time is 8000 h/year;

Qk = 4,2* 5000 = 33600 MWh/ year.
It means that selected wood chip water heater has too high capacity, it is higher than maximum heat load currently. If heat consumption will reduce with each year and reach 10000 MWh/year then it means that capacity of water heater will be twice as big as it is necessary.  
In project proposal calculation energy resource usage in boiler houses in Laurencenes and Merķeļa streets were used. However, problem is that these calculations are based on incorrect forecast about energy consumption after the implementation of project. It was forecasted that energy consumption will remain in current level, which introduces unjustified optimism in the calculations. The forecasted thermal energy consumption is 1.7 times higher than real one:  
17000 (MWh/year)/1000 (MWh/year) = 1.7 times.
3. European grant and municipality co-funding analysis 
3.1. Project proposal economic parameters 
It is stated in the project proposal that heat tariff will not change after the implementation of project: 
„With decision in February 18th 2008 Public Utilities Commission of the town Alūksne has accepted two level heat tariff (comes into force in March 24th 2008): 

· 38,74 Ls/MWh + 10% PVN physical persons;

· 38,74 Ls/MWh + 21% PVN legal persons;

· 19,86 Ls/MWh (0,27 Ls/m2) – constant (summer) payment.

It is expected, that heat tariff will not change after implementation of the project.” 

Reconstruction of existing district heating pipelines and construction of new district heating pipelines in Alūksne is evaluated with total expenses 1,217 million Ls in the project proposal. Financing plan for district heating pipeline reconstruction is illustrated in Table 2.
Table 2
Financing plant for district heating pipeline reconstruction 
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Optimization of boiler house operation and energy efficiency improvement in Alūksne is evaluated with total expenses 1,257 million Ls in the project proposal. Financing plan for reconstruction of boiler hose is illustrated in Table 3.  
Table 3
Financing plant boiler house reconstruction
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Total investment for the implementation of both projects will reach:
1,217 + 1,257 = 2,47 millions Ls

3.2. Alūksne town’s district heating development analysis 

District heating development in the town Alūksne can be related to at least three alternatives: 
· Development of centralised district heating system;
· Decentralisation of district heating system;

· Partial decentralisation of district heating system.

Since municipality of the town Alūksne has decided to support centralised district heating solution, further it is analysed:

· how implementation of both projects would impact heat tariff; 

· is implementation of the projects sustainable?
3.2.1. Heat tariff of the town Alūksne after implementation of the project
As mentioned before, heat energy consumption forecast in the town Alūksne is too optimistic and it was used to calculate heat energy tariff and it was considered in the technical and economic feasibility study. Real technological and economic parameters of the district heating system will differ. It means that total project costs will reach:
· Project costs per 1 MWh of sold thermal energy: 
2,47 miljoni Ls/ 10000 MWh = 247 Ls/MWh

· Warranty of construction works will be 5 years at best, then specific costs will be: 

247 / 5 = 49,4 Ls/MWh

· Technical lifetime could be 15 years, then specific costs will be: 

247  / 15 = 16,47 Ls/MWh. 

· EU funds could cover 32,4%, 

388 + 414 = 802 thousand Ls

0, 802 / 2,47 = 0,324
· Relative investment by district heating company per each unit of sold thermal energy in the case of implemented project, if its lifetime is 15 years: 
18,3 * (1 - 0,324) = 11,12 Ls/MWh

Therefore in case of the project implementation heat tariff increase should be considered 11.12 Ls/MWh, which would cause collapse of district heating system, since consumers will disconnect from expensive district heating systems and will solve heating issues individually as experience in Latvia shows. 
District heating of the town Alūksne will not be competitive with individual heating boilers after implementation of these two projects. As results consumers will look for cheaper energy sources. In such case heat load will decrease even more rapidly and heat tariff for those still connected will rise. 
The positive experience with engineering technical solution in Laurencenes street’s boiler house fully shows economic feasibility of partially decentralised and improved boiler house. In this case European Union structural funds would not be necessary. 

3.2.2. Sustainability of the district heating system in Alūksne
Previously unfolded analysis shows that the project is not profitable for district heating company Simone PLC, because heat tariff will have to be raised and it means that clients using centralised district heating system will look for alternative solutions to provide thermal energy to their dwellings. It is naturally and previous experience in Latvia shows that. 
The implementation of this project is against regulations of the Republic of Latvia, since Energy Law states that district heating has to be competitive and, on the merits, it hast to be business. 
Economics of district heating systems in Latvia since 1998 have forgone socialism. The production of thermal energy, energy transmission and sale is built on basis of business economics. The Cabinet of Ministers issued regulation in 2001 that defined the methodology according which heat tariffs should be calculated. It gave opportunity to calculate transparent and business oriented heat tariffs and abandon subsidies from municipalities. Even though regulations changed in 2010, business economic principles have remained. It means that investor that invests in development of district heating system calculates payback time already in advance.
Investment in energy efficiency measures that pays back using economic savings is one of the main preconditions of sustainability of energy efficiency measures. Both project proposals for improvement of district heating system in the town Alūksne illustrates that by implementing these projects large sums of money would be spent but this investment would not be paid back using savings.  

Unofficial information from the city council of Alūksne indicates that mayor is ready to cover part of 1,2 million Ls investment using funds from budged of the municipality. It is against both principles that district heating has to be competitive and has to be provided based on business economics principles.
If the municipality of Alūksne has funds that could support development of district heating in the town then it would be more useful to use these funds on the consumer side. Several sustainable solutions are possible in the town Alūksne:
· highest priority should be given to thermal insulation of public buildings: payments for heating will reduce substantially and it will be possible to use savings in other projects; 
· other solutions is to attract investments from third party that would allow to provide sustainable operation of district heating system; 
· sustainable but not such beneficial solution is to subsidise thermal energy users with low income or insolvent users. 
Heat tariff has to include all expenses, also bank loan which will be necessary for both projects because co-funding from EU (0,802 millions Ls) and municipality (1,2 millions Ls) will not be enough (there is an additional half million Ls required). Besides fact that project is funded from European Union structural funds does not mean that money assets has to be invested in projects without good engineering technical solution which would bring losses to the municipality in the future. 

Solution to invest tax payer money in district heating system which is used only by part of the tax payers is economically unfounded and unsustainable. This solution lacks transparency which in advance means that municipality will not receive back invested money using savings achieved via energy efficiency measures. Previous experience in Latvia shows that municipalities by intervening in some niche of thermal energy production or transmission and by subsidising any of these services bring economic losses. It is also true in case of cross subsidization. 
The municipality of Alūksne is going to invest in system which can lead to bankrupt of the district heating system as calculations show. District heating system in Alūksne can be brought into order using 1,2 million lats funded by the municipality so that this system is competitive and heating tariff for inhabitants would not increase. 
4. Environmental impact assessment and climate change evaluation
According to information in boiler house improvement project proposal it is planned to abandon use of coal after implementation of the project:
„Consumption of the fuel and electricity will decrease by 26.32% after the implementation of the project (when fuel is calculated in MWh units). Wood chips will be used as fuel and coal will not be used. According to fuel consumption date, share of renewable energy sources will increase by 8.84 percentage points (before the project coal accounted for 8.12% of total fuel consumption expressed in MWh units).” 
It means that coal will be substituted with energetic biomass and therefore impact on climate change will reduce after implementation of the project. 
Greenhouse gas emission reduction in after-project phase was calculated considering emission factor for coal and energy input with this fuel. Results are following:

· energy input with coal:


Q coal = Qprod.parka * rcoal * η =   1300 MWh/year
· CO2 reduction after refusal of coal, if it is assumed that wood chips are neutral in terms of greenhouse gas emissions: 


CO2 = Rcoal* Q coal = 445 tCO2/year,
where
Q coal
-
energy input with coal, MWh/year;

Rcoal
-
coal emission factor, tCO2/MWh;

CO2
-
CO2 reduction after refusal of coal, tCO2/year;

Air pollution with particulate ash particles, nitrogen, sulphur and carbon monoxide will reduce when coal is substituted with wood chips. 
Conclusions 
1. Proposed solution in project proposal is not sustainable. If the project is implemented and if municipality does not cover all project costs, district heating system in the town Alūksne will collapse. In budge of the municipality loan costs and other expenses that are related to the implementation of both projects have to be considered. The project payback time exceeds 20 years. 

2. The town of Alūksne has positive experience with sustainable development of district heating. In Laurencenes street’s boiler house new wood pellets fuelled water heater is installed. Heat losses are 11%. The boiler house in Merķeļa street is closed, but heat energy have been bought from the nearby company at a competitive price. Therefore there is no technically economic motive why this contract should be terminated and new heat distribution pipeline from Merķeļa street’s to Parka street’s boiler house should be constructed. The implementation of the project would intentionally destroy satisfactional solution with two energy sources. 
3. There are several alternative economically sound solutions to bring order to district heating system in Alūksne. The municipality has to define targets of development of the district heating system and has to agree on district heating development plan that would show hot to reach this target. 
4. Financial support from EU will be used inefficiently. The funds will aid to implement solution that is unsustainable for the district heating system in Alūksne. It may cause collapse of this system.  
Annex I. Cost and revenue estimates of heat distribution pipeline reconstruction project
	 
	Unit
	Prior to project implementation (2009)
	After project implementation
	After project implementation (starting with 2014)

	
	
	
	
	

	REVENUE
	 

	
	

	Revenue from sales of heat

	Heat production
	MWh/year
	21,677.00
	20,463.15
	22,196.79

	Heat purchase
	MWh/year
	2,712.94
	1,733.64
	0.00

	Total heat transfer to the network
	MWh/year
	24,389.94
	22,196.79
	22,196.79

	Sales of useful heat
	MWh/year
	17,061.14
	17,061.14
	17,061.14

	Selling price of useful heat
	LVL/MWh
	38.74
	38.74
	38.74

	Revenue from sales of heat
	LVL/year
	660,948.56
	660,948.56
	660,948.56

	Revenue from electricity sales**

	Electricity production
	MWh/year
	 
	 
	 

	Electricity sales
	MWh/year
	 
	 
	 

	Selling price of electricity
	LVL/MWh
	 
	 
	 

	Revenue from electricity sales
	LVL/year
	0.00
	0.00
	0.00

	TOTAL REVENUE:
	LVL/year
	660,948.56
	660,948.56
	660,948.56

	OPERATING COSTS
	 

	
	

	Fuel costs***

	Fuel
	Chips
	 
	 
	 

	Fuel price at the time of project application
	LVL/m3
	5.50
	5.50
	5.50

	Fuel consumption
	MWh/year
	23,981.54
	31,481.77
	34,148.91

	Net calorific value
	MWh/m3 
	0.80
	0.80
	0.80

	Fuel consumption in natural units
	m3/year
	29,976.93
	39,352.21
	42,686.13

	Total fuel costs of particular type of fuel:
	LVL/ year
	164,873.09
	216,437.16
	234,773.74

	Fuel
	Logs
	 
	 
	 

	Fuel price at the time of project application
	LVL/m3
	11.00
	
	

	Fuel consumption
	MWh/year
	10,457.35
	
	

	Net calorific value
	MWh/m3
	1.97
	
	

	Fuel consumption in natural units
	m3/ year
	5,308.30
	0.00
	0.00

	Total fuel costs of particular type of fuel:
	LVL/ year
	58,391.29
	0.00
	0.00

	 
	Unit
	Prior to project implementation (2009)
	After project implementation
	After project implementation (starting with 2014)

	Fuel 
	Coal
	 
	 
	 

	Fuel price at the time of project application
	LVL/t
	76.00
	
	

	Fuel consumption
	MWh/ year
	3,042.70
	
	

	Net calorific value
	MWh/t
	7.22
	 
	 

	Fuel consumption in natural units
	t/ year
	421.43
	0.00
	0.00

	Total fuel costs of particular type of fuel:
	LVL/year
	32,028.42
	0.00
	0.00

	Total fuel costs:
	LVL/ year
	255,292.80
	216,437.16
	234,773.74

	Fuel transportation costs

	Fuel
	 
	 
	 
	 

	Single delivery
	t or loose-m3
	 
	 
	 

	Number of deliveries
	quantity/year
	 
	 
	 

	Distance of delivery
	km
	 
	 
	 

	Delivery costs
	LVL/quantity
	 
	 
	 

	Loading-unloading works
	LVL/quantity
	 
	 
	 

	Total transportation costs of the particular type of fuel:
	LVL/year
	 
	 
	 

	Electricity costs

	Specific consumption of electricity per produced unit of heat
	kWh/MWh
	34.47
	32.34
	32.34

	Electricity consumption
	MWh
	747.21
	661.78
	717.84

	Price of electricity
	LVL/MWh
	68.00
	68.00
	68.00

	Total electricity costs:
	LVL/year
	50 810.02
	45 000.92
	48 813.40

	Costs of heat purchase

	Purchase price of heat
	LVL/MWh
	19.00
	19.00
	 

	Total costs of heat purchase:
	LVL/year
	51,545.86
	32,939.16
	0.00

	Staff costs

	Staff
	quantity
	28
	20
	20

	Average salaries, including taxes (MSSIC; PIT)
	LVL/year
	4,037.40
	4,037.40
	4,037.40

	Total staff costs:
	LVL/year
	113,047.20
	80,748.00
	80,748.00

	Tax expense

	Natural resources tax
	LVL/ year
	2,117.00
	2,117.00
	2,117.00

	Immovable property tax
	LVL/ year
	110.00
	110.00
	110.00

	Total tax expense:
	LVL/ year
	2,227.00
	2,227.00
	2,227.00

	 
	Unit
	Prior to project implementation (2009)
	After project implementation
	After project implementation (starting with 2014)

	Other production costs

	Repairs and maintenance of fixed assets
	LVL/ year
	36,380.56
	29,939.37
	29,939.37

	Materials
	LVL/ year
	9,850.42
	8,479.03
	8,479.03

	Water supply and waste water treatment
	LVL/ year
	1,664.70
	1,516.59
	1,516.59

	Other costs****
	LVL/ year
	24,035.55
	24,035.55
	24,035.55

	Total other production costs:
	LVL/ year
	71,931.23
	63,970.54
	63,970.54

	Administrative expense:
	LVL/ year
	41,667.56
	41,667.56
	41,667.56

	TOTAL MAINTENANCE COSTS:
	LVL/ year
	586,521.67
	482,990.35
	472,200.25


* In case of connecting separate heat supply systems, information is given for compatible heat supply systems as a whole. 

**To be completed if heat is produced in a cogeneration power plant. 

*** Information is given for each type of fuel.

**** Including expenditure that does not change as the result of project implementation.

Annex II. Cost and revenue estimates of boiler house reconstruction project
	 
	Unit 
	Prior to project implementation (2009)
	After project implementation
	After project implementation (starting with 2014)

	
	
	
	
	

	REVENUE
	

	
	

	Revenue from sales of heat

	Heat production 
	MWh/year
	21,677.00
	21,677.00
	24,389.94

	Heat purchase
	MWh/year
	2,712.94
	2,712.94
	0.00

	Total heat transfer to the network
	MWh/year
	24,389.94
	24,389.94
	24,389.94

	Sales of useful heat
	MWh/year
	17,061.14
	17,061.14
	17,061.14

	Selling price of useful heat
	LVL/MWh
	38.74
	38.74
	38.74

	Revenue from sales of heat
	LVL/year
	660,948.56
	660,948.56
	660,948.56

	Revenue from electricity sales**

	Electricity production
	MWh/year
	 
	 
	 

	Electricity sales
	MWh/year
	 
	 
	 

	Selling price of electricity
	LVL/MWh
	 
	 
	 

	Revenue from electricity sales
	LVL/year
	0.00
	0.00
	0.00

	TOTAL REVENUE:
	LVL/year
	660,948.56
	660,948.56
	660,948.56

	OPERATING COSTS
	

	Fuel costs***

	Fuel 
	Chips
	 
	 
	 

	Fuel price at the time of project application
	LVL/m3
	5.50
	5.50
	5.50

	Fuel consumption  
	MWh/year
	23,981.54
	27,465.19
	31,336.64

	Net calorific value
	MWh/m3 
	0.80
	0.80
	0.80

	Fuel consumption in natural units
	m3/year 
	29,976.93
	34,331.49
	39,170.80

	Total fuel costs of particular type of fuel:
	LVL/year
	164,873.09
	188,823.18
	215,439.40

	Fuel
	Logs
	 
	 
	 

	Fuel price at the time of project application
	LVL/m3
	11.00
	
	

	Fuel consumption  
	MWh/year
	10,457.35
	
	

	Net calorific value
	MWh/m3
	1.97
	
	

	Fuel consumption in natural units
	m3/year
	5,308.30
	0.00
	0.00

	Total fuel costs of particular type of fuel:
	LVL/ year
	58,391.29
	0.00
	0.00

	 
	Unit 
	Prior to project implementation (2009)
	After project implementation
	After project implementation (starting with 2014)

	Fuel
	Coal
	 
	 
	 

	Fuel price at the time of project application
	LVL/t
	76.00
	
	

	Fuel consumption  
	MWh/year
	3,042.70
	
	

	Net calorific value
	MWh/t
	7.22
	 
	 

	Fuel consumption in natural units
	t/year 
	421.43
	0.00
	0.00

	Total fuel costs of particular type of fuel:
	LVL/year
	32,028.42
	0.00
	0.00

	Total fuel costs:
	LVL/year
	255,292.80
	188,823.18
	215,439.40

	Fuel transportation costs

	Fuel
	 
	 
	 
	 

	Single delivery
	t or loose-m3
	 
	 
	 

	Number of deliveries
	amount/year
	 
	 
	 

	Distance of delivery
	km
	
	
	

	Delivery costs
	LVL/amount
	
	
	

	Loading-unloading works
	LVL/amount
	 
	 
	 

	Total transportation costs of the particular type of fuel:
	LVL/year
	 
	 
	 

	Electricity costs

	Specific consumption of electricity per produced unit of heat
	kWh/MWh
	34.47
	32.34
	32.34

	Electricity consumption
	MWh
	747.21
	701.03
	788.77

	Price of electricity
	LVL/MWh
	68.00
	68.00
	68.00

	Total electricity costs:
	LVL/year
	50,810.02
	47,670.32
	53,636.40

	Costs of heat purchase

	Purchase price of heat
	LVL/MWh
	19.00
	19.00
	 

	Total costs of heat purchase:
	LVL/year
	51,545.86
	51,545.86
	0.00

	Staff costs

	Staff
	quantity
	28
	20
	20

	Average salaries, including taxes (MSSIC; PIT)
	LVL/year
	4,037.40
	4,037.40
	4,037.40

	Total staff costs:
	LVL/year
	113,047.20
	80,748.00
	80,748.00

	Tax expense

	Natural resource tax
	LVL/year
	2,117.00
	2,117.00
	2,117.00

	Immovable property tax
	LVL/year
	110.00
	110.00
	110.00

	Total tax expense:
	LVL/year
	2,227.00
	2,227.00
	2,227.00


	 
	Unit 
	Prior to project implementation (2009)
	After project implementation
	After project implementation (starting with 2014)

	Other production costs

	Repairs and maintenance of fixed assets
	LVL/year
	36,380.56
	31,715.34
	31,715.34

	Materials
	LVL/year
	9,850.42
	8,752.38
	8,752.38

	Water supply and waste water treatment
	LVL/year
	1,664.70
	1,606.56
	1,606.56

	Other costs****
	LVL/year
	24,035.55
	24,035.55
	24,035.55

	Total other production costs:
	LVL/year
	71,931.23
	66,109.83
	66,109.83

	Administrative expenses:
	LVL/year
	41,667.56
	41,667.56
	41,667.56

	TOTAL MAINTENANCE COSTS:
	LVL/year
	586,521.67
	478,791.76
	459,828.19


* In case of connecting separate heat supply systems, information is given for compatible heat supply systems as a whole. 

** To be completed if heat is produced in a cogeneration power plant.

*** Information is given for each type of fuel.

**** Including expenditure that does not change as the result of project implementation.

Annex III. Expert conclusion
Expert conclusion
regarding
development of district heating system in the town Alūksne within two 
EU Cohesion fund projects 
Existing situation
Heat load of district heating system in Alūksne is covered by five boiler houses: four Simone PLC boiler houses and one boiler house owned by company from which heat energy has been bought. Total thermal energy produced reaches 25 725 MWh/year.
Heat energy consumers in the town Alūksne mainly are public buildings and apartment buildings, which consume 17 800 MWh/year. 
New wood pellets water heater is installed in Laurencenes street’s boiler house and heat losses are 11%. The boiler house in Merķeļa street is closed, but heat energy have been bought from the nearby company at a competitive price. End-users of heat energy connected to these boiler houses consume 3300 MWh/year. 
Total heat losses from district heating pipelines of boiler houses in Parka, Apes and Torņa streets is 6654 MWh/year. 
A forecast of energy consumption in buildings in Alūksne
Buildings in Latvia including buildings in Alūksne consume twice as much thermal energy as they need. It means that by improving energy efficiency thermal energy demand will reduce in the town. The forecasted thermal energy consumption will be about 10000 MWh/year, which will be reached in next 10 years. The first buildings will be insulated in 2012.
Essence of projects’ proposal
To bring order to district heating system in the town Alūksne two projects funded by EU Cohesion funds were proposed: 
1. District heating network reconstruction and new heat distribution pipeline construction in Alūksne.  Total costs 1,217 millions Ls. Total thermal energy supplied to district heating network will be 22 000 MWh/year, but thermal energy sold to end-users will be 
17000 MWh/year.

2. Optimization of boiler house operation and energy efficiency improvement in Alūksne Total costs 1,257 millions Ls. Total thermal energy supplied to district heating network will be 24 000 MWh/ year, but thermal energy sold to end-users will be 
17000 MWh/year.
Project implementation benefits
1. If only the first project is implemented, then heat losses would decrease by
22000 - 17000 = 5000 MWh/year. If only the second project is implemented, then heat losses would be higher 24000-17000 = 7000 MWh/year. If both projects are implemented then heat losses from district heating network would not change significantly.
2. The implementation of the projects and improvement of end-user energy efficiency would meant that heat losses can reach even 41%:  
7000/(10000 + 7000)= 0,41.

3. In project proposal calculation energy resource usage in boiler houses in Laurencenes and Merķeļa streets were used. However, problem is that these calculations are based on incorrect forecast about energy consumption after the implementation of project, which is predicted to be higher than real one will be. 

17000 (MWh/year)/1000 (MWh/year) = 1,7 times.

4. It means that total costs of the project per 1 MWh of thermal energy unit sold will be: 
a. 2,47 million Ls/ 10000 MWh = 247 Ls/MWh;
b. Warranty of construction works will be 5 years at best, then specific investment will be 49,4 Ls/MWh;
c. Technical lifetime could be 15 years, then specific costs will be 16,47 Ls/MWh. Considering that EU funds could cover 32% of investments, then specific investment will be 11,12 Ls/MWh. 
5. Therefore in case of the project implementation heat tariff increase should be considered 11,12 Ls/MWh, which would cause collapse of district heating system, since consumers will disconnect from expensive district heating systems and will solve heating issues individually as experience in Latvia shows. As a results consumers will look for cheaper energy sources. In such case heat load will decrease even more rapidly and heat tariff for those still connected will rise. 
6. From engineering technical viewpoint idea about united district heating network development in the town is proper. Heat distribution pipeline is technologically and economically feasible if specific heat load is 1 MW/km. In the case of town Alūksne, heat loads are too low. Measures are not engineering technically and economically feasible, because energy efficiency indicators of district heating system are not fulfilled. For instance, newly built pipeline from Parka street’s boiler house to Rīga street’s boiler house network is 2 km long. Specific heat load on 1 km is lower than 0,6 MW/km. It means that consumption is too low already and construction of such pipeline is economically unfeasible.   

Conclusions
1. Proposed solution in project proposal is not sustainable. If the project is implemented and if municipality does not cover all project costs, district heating system in the town Alūksne will collapse. In budge of the municipality loan costs and other expenses that are related to the implementation of both projects have to be considered. The project payback time exceeds 20 years.

2. In Laurencenes street’s boiler house new wood pellets fuelled water heater is installed. Heat losses are 11%. The boiler house in Merķeļa street is closed, but heat energy have been bought from the nearby company at a competitive price. Therefore there is no technically economic motive why this contract should be terminated and new heat distribution pipeline from Merķeļa street’s to Parka street’s boiler house should be constructed.

3. There are several alternative economically sound solutions to bring order to district heating system in Alūksne. The municipality has to define targets of development of the district heating system and has to agree on district heating development plan that would show how to reach this target.

Ekodoma Ltd experts: 

The doctor of Engineering Sciences Marika Rošā 

 The doctor of Engineering Sciences Dagnija Blumberga

By implementing both projects new 4,2 MW wood chip fuelled water heater would be installed and new 6,2 km long district heating pipeline would be built.
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