� ADVANCE \y 212.9 �NEPO/DANCED


� ADVANCE \y 284.3 �Regulation Regarding Connection and Power Purchase from Small Biogas Power Generators


� ADVANCE \y 322.0 �May 1998


� ADVANCE \y 697.0 �Job 	Investigation of Pricing Incentives in a Renewable Energy StrategyRef.No.


 	    	Prepd. 	JHV


Edition 	1 	Checked 	BOK


Date 	 	Appd. 	JHV





�
	Table of contents





� TOC \o "1-5" \f \* MERGEFORMAT �1.	Summary	� GOTOBUTTON _Toc431346476  � PAGEREF _Toc431346476 �1��


2.	Background	� GOTOBUTTON _Toc431346477  � PAGEREF _Toc431346477 �1��


3.	Basic principles of pricing the electricity	� GOTOBUTTON _Toc431346478  � PAGEREF _Toc431346478 �4��


4.	Inventory of costs and avoided costs	� GOTOBUTTON _Toc431346479  � PAGEREF _Toc431346479 �5��


4.1	Avoided energy costs	� GOTOBUTTON _Toc431346480  � PAGEREF _Toc431346480 �5��


4.2	Avoided capacity costs	� GOTOBUTTON _Toc431346481  � PAGEREF _Toc431346481 �5��


4.3	Energy losses	� GOTOBUTTON _Toc431346482  � PAGEREF _Toc431346482 �6��


4.4	Fixed costs	� GOTOBUTTON _Toc431346483  � PAGEREF _Toc431346483 �7��


4.5	Connection costs	� GOTOBUTTON _Toc431346484  � PAGEREF _Toc431346484 �7��


4.6	System reinforcement/postponement of future reinforcement	� GOTOBUTTON _Toc431346485  � PAGEREF _Toc431346485 �8��


4.7	Reactive power	� GOTOBUTTON _Toc431346486  � PAGEREF _Toc431346486 �8��


5.	Recommendations to connection and power buy back regulation	� GOTOBUTTON _Toc431346487  � PAGEREF _Toc431346487 �9��


5.1	Connection costs	� GOTOBUTTON _Toc431346488  � PAGEREF _Toc431346488 �9��


5.2	Energy payment	� GOTOBUTTON _Toc431346489  � PAGEREF _Toc431346489 �10��


5.3	Energy losses recovery	� GOTOBUTTON _Toc431346490  � PAGEREF _Toc431346490 �10��


5.4	Demand payment	� GOTOBUTTON _Toc431346491  � PAGEREF _Toc431346491 �10��


5.5	Summary of recommendations:	� GOTOBUTTON _Toc431346492  � PAGEREF _Toc431346492 �11��


5.5.1	- Connection costs:	� GOTOBUTTON _Toc431346493  � PAGEREF _Toc431346493 �11��


5.5.2	- Energy- and demand payment:	� GOTOBUTTON _Toc431346494  � PAGEREF _Toc431346494 �11��


5.5.3	- Fixed costs	� GOTOBUTTON _Toc431346495  � PAGEREF _Toc431346495 �12��


5.5.4	- Price regulation	� GOTOBUTTON _Toc431346496  � PAGEREF _Toc431346496 �12��


�

















�
Summary


Following a rapid change in the structure of the pig farming in Thailand new opportunities for production of bio-gas have appeared and a few systems have been developed and are in operation. 





A major barrier to a more widespread is the lack of regulation for connection and purchase of excess electricity from bio-gas systems.





This paper analyses the impacts of small farm bio-gas power generators on the power system as well as on the environment and suggests a methodology for valuating the avoided costs of the bio-gas power.





Finally, the paper analyses the impacts of a power purchase regulation on the financial viability of a bio-gas plant. As the investigation shows the impacts remarkable and could make the difference between a stagnation of the implementation of bio-gas technology and a wide spread use of the technology in large pig farms.





Background


During the latest decade the structure of pig farming in Thailand has changed markedly. While in the past almost all pig farms were small family farms with only few animals today more than 50% the annual production of 5.4 mio of pig is being produced on large modern farms often with several thousand animals�. 





The high concentration of pets - and the significant amount of manure produced by them - gives rise to considerable environmental problems, first of all from the manure being led to the local streams.  





In a few cases a bio-gas system has been chosen as a solution to the environmental problem. The systems have been developed at Chang Mai University based on German bio-gas technology.





The system sterilizes the manure and enables an improved  separation of water and solid matter. The purified water may be used for irrigation or - if being further purified in a nitrification/de-nitrification system it may even be used for cleaning purposes at the farm. The solid matter may be dried and sold as fertilizer. The bio-gas may be used for production of electricity in a set of generators for use at the farm. 





In this memorandum this specific case will be used as a background for the recommendations. At the specific farm the solid matter is being dried and sold as fertilizer while about half of the biogas produced is being used for the production of power for internal uses at the farm. 





The Energy Conservation fund has reserved funding for implementation of a three stage farm bio-gas promotion program of which the first stage has already been implemented. The extent of the programme is shown in the table below:





�
Number of pigs in bio-gas farms�
Bio-gas production (m3/year)�
�
Stage 1�
60,000�
1.8 mio�
�
Stage 2�
240,000�
7.2 mio�
�
Stage 3�
1,000,000�
30 mio�
�



For the farmer the bio-gas  systems holds 4 major advantages:


the environmental problems imposed on the local streams are reduced


part of the nitrogen contents in the manure is being recycled to the fields and the need for purchased fertilizer is reduced


most of the solid fraction may be dried and sold or used at the farm


the domestic electricity consumption is completely - or almost completely - covered by domestic production. Also other internal energy demands  are being met by use of the bio-gas, like heating lamps for small pigs.





Although the Regulations for the Purchase of Power from Small Power Producers from December 1995 gives no lower limit to the size of systems to be connected it is perceived by EGAT as well as by NEPO that this regulation is intended to be used for larger systems. Thereby there exists no accepted regulation in place for payment for excess electricity from bio-gas plants. 





For the PEA area a regulation exists for synchronization of generators more than 100 kVA, while no regulation exists for smaller generators.  The regulation gives no graduation of system requirements on the system size and therefore is not suitable for small generators. 





With no power purchase and synchronization regulation in place therefore, there is little incentive to utilize the gas efficiently, and the main motivation in our case farm to consider establishing bio-gas systems has been to reduce the environmental problems connected to the outlet of organic waste into the local streams while electricity is considered to be a by-product. Therefore, about 50% of the gas is being released to the ambient while the electricity production capacity is being used only 30% (half of the engines in 14 hours/day). The electricity generation system is little efficient. The technology is based on small automobile engines each connected to an induction motor. The output is approx. 1 kWh/m3 of bio-gas. An efficient system would produce approx. 1,7 kWh/m3 gas. Furthermore, the quality of the power produced is poor due to the use of induction motors as generators, and no safety measures for disconnection in case of power break are implemented.





In a long term perspective it would be useful to design a purchase regulation as well as  a synchronization regulation which integrates all plant sizes. But for now there is a need to open the path for bio-gas systems to sell electricity to the power system.





A regulation for power purchase from small biogas generators would create incentives to 


set up bio-gas system whereever sufficient amounts of bio-waste is available for bio-gasification


use as far as possible all gas being produced and thereby reduce the methane emissions


design the systems for a high overall electricity efficiency 





The advantages would be:


reduced effluent of bio waste into the streams


reduced need for fertilizers 


increased production of renewable energy electricity





A future power purchase regulation should recover the avoided costs of the electricity system resulting from the local electricity production. Besides it could be argued that since biogas electricity is a renewable energy resource it meets the general energy policy aims of fuel diversification and more sustainable electricity production. This could justify a further financial incentive beyond the avoided costs.





Furthermore, the advantages of reduced local organic waste pollution could be somehow capitalized into some kind of support to the bio-gas system. The Environmental Fund supports investment in bio-gas systems by providing loan low interest loans (8.5%) of 5 years of up to 20% of total equity capital. 





NEPO has asked the NEPO/DANCED-project on pricing incentives  to make recommendations regarding the conditions for connection and sale of electricity from small biogas systems. 





In this memorandum we evaluate the costs and benefits to the system resulting from connection of bio-gas systems  and give recommendations to the pricing of electricity from small bio-gas systems. 





The memorandum only deals with regulation regarding biogas system connection while in future similar regulation regarding connection of small solar pv systems and wind turbines could be required. The conditions for these are quite different and will be treated separately at a later stage of the project.





Basic principles of pricing the electricity


The pricing of electricity from bio-gas could be fixed according to two different principles: 


the cost model:prices could be determined from a calculation of all avoided an incurred costs on the electricity system resulting from the connection and operation of the local generator


the competition model: the producer sells electricity directly to specific customers paying a service charge for the use of the system. 





Present regulation in Thailand is based first of all on the cost model. The competition model requires open third party access to the electricity grid which is not in general available within present regulation. An opening has been made, though, in that Small Power Producers have been allowed to sell electricity to other consumers in the same industrial zone as where the generator is situated.





For the time being there is no legal basis for implementing the competition model and in this memorandum we therefore focus exclusively on a cost pricing model. 





If in future  there would be a demand for a regulation for direct sale of electricity to specific customers in the local area it could be considered to set up a scheme for pricing of the use-of-system.





In the cost pricing model the pricing should distinguish between the three types of electricity:


electricity produced and consumed by the producer himself: This is the difference between total consumption and imported power from the grid and should  not be part of the agreement between the local producer and the power utility, since it has no impact on the system. 


Electricity bought from the power utility: This should be paid for according to the normal purchase tariffs, consisting of an energy cost price (Baht/kWh) and a demand cost price (Baht/kW peak during 15 minutes). In this way the farm still pays the the real costs of electricity delivered from the grid. 


Electricity bought back by the power utility: This should be paid for according to avoided and incurred costs related to the connection and operation of the local generator.





Below we give an overview of the costs and avoided costs of bio-gas generated power bought back into the grid.





Inventory of costs and avoided costs 


Avoided energy costs


Electricity produced at the local bio-gas power generator replaces electricity produced at a centrally dispatched  power station. For each power station marginal energy costs have been calculated and based on this information together with information about the system operation strategy it has been possible to determine the marginal energy costs of the whole power system.  The energy costs avoided as a result of the bio-gas electricity are equal to the marginal energy costs. 





It should be noted that the marginal energy costs are not equal to the marginal energy price paid by PEA. As a result of the policy of maintaining a unified level of electricity prices all over the country PEA - having the highest distribution costs - is allowed to purchase electricity from EGAT at a price below marginal energy and capacity costs.





This means that if the bio-gas generator is compensated for the real avoided energy costs PEA will loose revenue while MEA and EGAT will gain revenue. At small scale level this is quite insignificant but it rises a general question of compensation for the cross subsidy of  energy as well as capacity costs between the power utilities when power flows “the other way” in the system.





Avoided capacity costs


Avoided generation capacity costs: The extent to which a biogas electricity generator replaces capacity in the system depends on the availability of the system during peak hours. 





For systems of the size in question  having no visible individual effect on the overall generation system the extent to which the generator will replace future generation capacity depends on the probability with which the generator capacity will be available to the system at any time during peak load. If the individual generator could be considered as one from a group of small producers and consumers arbitrarily supplying and consuming electricity, the value of its capacity would be reflected by the average availability of the generator during peak hours. 





On a short term basis the capacity value of a small generator lies in its contribution to postponing  or avoiding advancemnt of planned expansion projects of electricity capacity - the same way as energy savings measures do.  The power development plan of Thailand foresees a very substantial  investment in new production and transmission capacity and these plans have been the basis for calculation of marginal capacity costs. The present economic downturn has postponed the rate of investments in short term perspective. Integration of renewable energy generators producing electricity in peak hours  will potentially postpone investments even further thereby incurring a further reduction in net present value  of investments. 





On the other hand, a certain back up is required to recover the capacity of the local generator in case of outage or part load operation (in the case of a bio-gas generator, for example, there may be also some seasonal variation in the amount of gas produced).





On a long term perspective the emergence of a stable market of small generators could be included into the power development plan of EGAT. From an individual plant perspective there would be no guarantee of the availability of the capacity on a long term perspective but there could be a certain  probability that a similar - or even higher - capacity would be available from the same or a similar plant. In fact the system costs of biogas systems have been going down and there is still room for even more improvement in the cost efficiency while the system reliability could still be improved.  On the other hand, as long as the implementation of biogas systems widely depend on financial support from government the future expansion of this type of capacity will be sensitive to future government policy.





Energy losses


In the case of farm bio-gas systems it is assumed to be unlikely that the generator will transmit electricity into the transmission system, since the power produced will be absorbed at local level. 





When that is the case, the transmission losses are being reduced corresponding to the amount of electricity produced locally - and thereby withdrawn from the transmission system. 





At the local level, distribution losses could be reduced as well as increased as illustrated below.
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As shown in the figure the generator may be connected to the 400 V grid  or to the nearest substation. Regardless of the connection point the energy losses will be reduced upstream of the sub-station as a result of the reduced flow of power to the sub-station.





If the generator is connected to the 400 V grid and the power generated does not exceed the consumption at the low voltage side of the substation, the flow of power from the substation to the consumers absorbing the power will be reduced, and thereby also the losses will be reduced. In the section from “local consumers” to “local generator” the energy flow will be less if the excess power production is less than the consumption at the farm.  





If the generator is connected to the high voltage side of the substation there will be no impact on the losses downstream of the substation. 





In the specific case of the farm bio-gas system the potential excess electricity production is in the same size of order as the electricity consumption at the farm and thereby the losses in the section between “local consumers” and “local generator” should be also in the same order of size.





Fixed costs


A local generator increases the costs of administration and metering of power import and export.





Connection costs


Connection costs include all direct costs of connection of the generator to the grid. These costs would be a consequence of the requirements set up by PEA (and accepted by NEPO) regarding connection of the system. The requirements could include 


connection point  (voltage level)


metering point


safety equipment 


capitalized costs of operation and maintenance/replacement of equipment





In general, as the bio-gas electricity generators are relatively small, the impacts on the system would be restricted to the local area where all power produced would be absorbed.





Generally, the connection of a local generator increases the fault level of the local system. This might incur extra investment costs.





System reinforcement/postponement of future reinforcement


A generator connected to the system may cause the need for system reinforcement as well as postponement of future reinforcement when the demand increases. 





A single small generator like a biogas power generator would as just mentioned affect only the local level and when considering biogas power generators as a group of producers it is highly unlikely that the total capacity of several systems would ever reach a level where they could call on system reinforcement on the MV or HV systems. 





Only if other local generators would be present in the same zone and the total amount of generated power would exceed the consumption the bio-gas generator could incur reinforcement needs at higher voltage levels. 





On the other hand, a local generator might postpone the need for future reinforcement of the middle voltage - high voltage systems since the generator covers part of the consumption at the local level thereby substituting the distribution capacity needs of the system.





It has proven very difficult in practice to determine the impacts on future (avoided) investments in system reinforcement for each individual case because the information required is not always available, and it might be more appropriate to use estimated average values for determining the cost recovery. 





Reactive power


In order to meet its voltage standards across the transmission system, the power utility must ensure that there is sufficient reactive power (MVAr) in all areas of the network.  Reactive power is consumed by the network itself and by specific types of load such as induction motors.





Where a local generator produces real power close to demand, it reduces the requirement for active power flows across the transmission system thereby reducing the requirement for reactive power. 


The requirement for reactive power varies significantly from zone to zone and with the amount of demand on the system.  Therefore, the benefit provided by the local generator is dependent on its proximity to demand, the zone in which it is situated, and whether it is generating at times of system peak demand.





Recommendations to connection and power buy back regulation


A study on the technical specifications to be implemented for the connection of local generators is being undertaken at Chang Mai University. From our side, we will contribute with information about specifications being used in Denmark regarding connection of small local generators.





Connection costs


It is recommended that all costs related to connection and immediate system reinforcement be incurred on the connectee. 





The costs of physical connection to the grid will directly result from the technical specifications to be implemented. 





Costs of upstream system reinforcement could be incurred as well, based on an estimate of the average costs and avoided costs suggested by PEA. As mentioned above, the local generator would generally reduce the upstream system stress and therefore, on average the avoided costs should exceed the costs. 





The system reinforcement cost relations could be recovered through the connection cost evaluation or as part of the energy or demand payment. 





In the case of a small biogas generator, where the availability of the generator capacity is uncertain, it is recommended to include the (avoided) costs in the kWh- payment. Thereby the costs are being recovered in proportion to the availability: the more the system operates the more recovery is being obtained.





The reactive power compensation (avoided) costs should be determined upon the determination of the technical requirements set up for the connection of the generator.





Energy payment


As mentioned above avoided energy costs are equal to the avoided system energy costs as expressed by the energy charges in the Time of Use rates for power purchase.





Energy losses recovery


The avoided energy losses should be recovered into the buy back rate either at an individual level or based on average savings. For small generators like those in question in this memorandum it might be more feasible to use average assumptions. In C&L the losses on to the 69:22/33 kV sub station are in total average 4,5%. The losses further on to the low voltage substations is not reported. 





Demand payment


As mentioned above it is recommended to recover avoided costs and costs incurred on transmission and distribution systems into the demand payment.





Apart from this the demand payment should recover the avoided generation capacity costs in the power system. 





The determination of “production capacity value” of the local generators is a highly political issue. Basically it depends on the extent to which the power system could rely on the availability of the power production capacity in short term as well as in a long term perspective. This is related to the prospects of the pig farming business as a whole together with the evaluation of the reliability of the technology. And - perhaps more importantly - it is related to the extent of the political commitment of the Government - and of the future governments - to promote renewable energy in the electricity system. For the time being there is no national target set for the integration of small generators into the electricity system.





The capacity payment could include also the external benefits of the generator such as environmental and social benefits. In the case of biogas systems the major benefits are 


substitution of fossil fuels, thereby reducing the pollution


increased fuel divsersification - improved supply security





Unlike the avoided capacity costs these benefits are related to all power produced and not only to the power produced during peak hours. But given their highly political nature it could be convenient to pool them all into a common category which we might simply call capacity payment. This is in fact the way the issues most utilities use when internalising externalities into the electricity pricing.





At present no generally accepted level of externality valuation has been determined in Thailand. For this purpose - to indicate a possible size of order - it could be mentioned that the European Commission has suggested to implement a value level of 20% of the net electricity production costs.





In order to simplify the tariffing system it is recommended to integrate the capacity payment in the kWh payment during peak hours. This is in principle close to the procedure used in the SPP regulation only more easily understandable to the local power producer. 





The following procedure could be used to transfer the capacity payment to a kWh - payment:





The capacity value C1 (Baht/kW*month) is divided by the number of peak hours in a month, returning a value of C2 Baht/kWh. A generator operating full load during all peak hours will receive full capacity payment C1 =  C2*number of hours, while to the extent that peak energy production is reduced so will be also the demand payment. 





If we would assume the EU norm of externality valuation at 20% of net energy costs and if we assume that the average net energy costs are about 0,8 Baht/kWh the externality value would be 0,2 Baht/kWh.





If - as an example - the capacity value C1 were maintained at the present power purchase capacity charge, C2 would be approximately: 214,95 Baht/kWh / 328 hours/month = 0,655 Baht/kWh during peak hours. 





In this case, when externalities account for 0,2 Baht/kWh, the “clean” capacity value would be 0,455 Bath/kWh or 70% of the purchase capacity rate. 





Summary of recommendations:


Connection costs:


All costs related directly to the connection of the system should be paid by the connectee





Energy- and demand payment:


Power import from the electricity grid should be paid according to the present purchase regulation.





Power export should be accounted for through a TOU per-kWh rate determined as follows:





Off peak kWh: Present off peak energy charge + average avoided energy losses





On peak kWh: Present on peak energy charge + average avoided energy losses + a capacity and externality element.








Fixed costs


Administrative and metering costs should be fixed at a level corresponding to the consumer fixed costs payment.





Price regulation


Since PEA has a monopoly on determining the connection conditions and prices a regulation system must be in place with for example NEPO as the regulatory body.











� Information obtained from Frank Hansen, AMI Asia Group Aps.
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