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1. Summary
On behalf of UNDP in Kazakhstan, PB undertook an assessment of Kazakhstan's wind resources to identify potential areas that may be appropriate for commercial development.
This assessment provides:
· Detailed assessment of wind resources at eight sites in Kazakhstan
· Medium-scale level of assessment of wind resources for the creation of a wind atlas of Kazakhstan
· Qualitative analysis of the distribution of wind resources in Kazakhstan
· Medium-scale maps superimposed on topographic and transmission maps
This report briefly describes the work carried out by PB. A detailed assessment of wind resources and a wind atlas are provided in Annexes A and B, respectively.
2. Detailed assessment of wind sources for eight sites
This report describes the wind and energy source assessment for eight facilities that were tested by PB in Kazakhstan as part of the PB Wind Monitoring Service for UNDP. The sites are Arkalyk, Astana, Yermentau, Karkaralinsk, Atyrau, Fort Shevchenko, Korday and Zhuzumdyk. These places are located all over Kazakhstan.
This report is included in Appendix A
2.1 Wind Atlas of Kazakhstan
PB has signed a contract with the Windlab System to carry out wind modeling at the medium-scale level for Kazakhstan in order to create maps on wind sources using the WindScape wind modeling tool. As a result, a wind map of the entire country was created at a resolution of 9 km, and the selected regions of the country were mapped at a resolution of 100 m. All wind speed maps were created for a height of 80 m above ground level.
2.2 WINDLAB System
The Windlab System was formed in 2003, as the culmination of a ten-year long-term research program at a research organization in Australia, CSIRO (Commonwealth Scientific and Industrial Research Organisation). Windlab provides consulting services for the Wind Industry, and is also involved in the development of a wind farm. Windlab has developed WindScape, a wind source mapping model. WindScape was used to map an area exceeding 2,000,000 sq. km, mainly in Australia, New Zealand, South Africa and Canada. In addition, the system has been used and tested in Ireland, Scotland, Spain, the Pacific Islands, Mexico, the USA, China and India.
WindScape is an atmospheric model designed to represent wind conditions anywhere in the world. Normally, it takes synoptic data from the World Meteorological Association. This data set is the result of collecting and processing wind speed, wind direction, temperature, humidity, pressure and other atmospheric parameters around the world. The collected data is analyzed to make sure that they comply with all the laws on nature conservation, known as regulating large-scale atmospheric dynamics. 
Using WindScape and meteorological analytical data, a regional model is created, taking into account inertial forces, friction with the earth's surface, acceleration over and around major topographic factors (such as mountains) and small-scale thermal cycles such as sea breezes. For more information about the Windlab System, see Appendix B.
2.3  The purpose of the РВ
Stage 1 Results of work (Regionally large-scale Wind Atlas)
Let us assume that the country was divided into approximately 45 squares of 350km2. Windlab would model the regional scale wind speed on each of these squares and perform:
1. Grid files of the average annual wind speed in 9-kilometer resolution and at an altitude of 80 m above the earth's surface;
2. Image files of the average wind speed suitable for publication;
3. The report explaining methodology, results and ratification on available   
    monitoring objects.
Stage 2 - High-resolution modeling
Windlab would divide the selected blue areas, in the figure below, into squares of approximately 100 km2 (1 degree in latitude by 1 degree in longitude). Windlab offers:
4. Map the selected blue areas in 100 meter resolution at an altitude of 80 m
5. Approve 100m maps with available tower data.
6. Adjust the maps as needed.
7. Wind maps in 100m resolution, at an altitude of 80 m above ground level in ESRI GRID format.
8. A report detailing the methodology and ratification of wind maps.
The maps prepared by Windlab will focus on favorable areas for wind power. There are large areas in Kazakhstan that are very homogeneous in their topography and wind climate and that probably have little to do with the use of wind power. Especially these areas do not require high-resolution modeling.
[image: image1.wmf]
Figure 2-1. The red parts of the map display areas with high resolution for wind mapping
The map will be charted with available GIS information such as roads, electric grid, vegetation, land development, topographical features, population and energy nodes provided by UNDP or their local agencies. The main medium-scale wind flow modeling tool will be used to create this map.
According to the request of UNDP, the completed atlas will be in the form of quantitative analysis, qualitative discussion and digital presentation of all data in GIS format, agreed and provided by UNDP. GIS information (provided by UNDP) will be presented in discrete layers, including information on mechanical transmission, distribution, and wind resource, topography, as well as a bitmap of the background. 
2.4 Maps by wind source
The results of the 9 km regional cartography are shown in Figure 2.
[image: image2.wmf]
Figure 2: 9-kilometer wind mapping results (for more detailed maps, see in Appendix B and C)
The small-scale model uses a regionally scaled model as a contour state to create a 100-meter shallow network. This model takes into account friction due to different types of vegetation cover (forests, crops, etc.) and acceleration over and around smaller scale topography. As part of this process, the Windlab System approved the simulation work using local data registered at facilities across Kazakhstan. Areas that were expected to benefit from smaller-scale mapping were selected.
The areas selected for small-scale cartography are shown in Figure 3.
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Figure 3: Selected areas of small-scale 100 m cartography (blue); source: Windlab report 
Table 1: Selected locations for small-scale 100m cartography
	Object code
	Name of the object

	7001
	Korday

	7002
	Karkaralinsk

	7003
	Yermentau

	7004
	Arkalyk

	7005
	Atyrau

	7006
	Fort Shevchenko

	7007
	Astana

	7008
	Zhuzumdyk

	7009
	Sheleksky Corridor

	7010
	Jungarian Gates


As mentioned, part of the 100 m mapping involved inspection of the local wind data used. The inspection was carried out only for small-scale maps that had the appropriate installed PB monitoring wind towers. Therefore, the inspection of objects 7009 and 7010 was not carried out, since no monitoring towers were installed at these objects.
The results of the inspection are presented in the table below.
Table 2: Errors in WindScape forecasts regarding local measurement results
	  Object code
	Name of the object
	Measured average 50 m wind speed (m/s)
	Extrapolated average 80 m wind speed (m/s)
	WindScape Confusion by 50 m
	WindScape Confusion by 80 m

	7001
	Korday
	6.02
	6.35
	5.6%
	-2.2%

	7002
	Karkaralinsk
	6.03
	6.29
	0.4%
	8.1%

	7003
	Yermentau
	7.91
	8.41
	-9.6%
	-4.0%

	7004
	Arkalyk
	6.55
	7.11
	-10.1%
	-3.5%

	7005
	Atyrau
	6.86
	7.39
	-13.5%
	-6.8%

	7006
	Fort Shevchenko
	7.52
	8.03
	-5.4%
	-0.8%

	7007
	Astana
	6.54
	7.24
	-6.3%
	-2.8%

	7008
	Zhuzumdyk
	6.96
	7.34
	-17.1%
	-9.2%


More detailed methodology and results are provided in the Windlab Systems report, which is included in Appendix B.
2.5 Medium-scale maps plotted on topographic and transmission maps
Using data provided by UNDP, PB has created maps charted onto Windlab System topographic and transmission maps to help research potential wind farm development sites.
A sample of the created maps is provided in Figure 4.
[image: image4.wmf]
Figure 4: A typical map created using data from a medium-scale wind model and transmission data
The medium-scale data was mapped using a color wind speed map, which provides the best information for wind farm prospectors. The scale used for this color map ranges from 5 m/s to 8.5 m/s. It should be noted that there are average values of wind speed outside this range (that is, lower than 5 m/s and more than 8.5 m/s). Where these values exist, they are plotted at the end of the color spectrum - that is, blue for values equal to or less than 5 m/s and red for values equal to or greater than 8.5 m/s.
The full range of maps is included in Appendix C.
2.6 GIS SYSTEM
The medium-scale wind and map data provided by UNDP are available on the CD-ROM attached in Annex C. This data is provided in a format intended for reading by MapInfoGIS programs.
3. Qualitative analysis of the wind source
The following analysis is limited in its details due to the intended use, which should provide basic information about various Kazakh Regions regarding their wind source and other influences on wind farm development. It is not intended as a complete guide to the selection of the facility, but should help the prospectors of the wind power plant in determining where to focus their research on the facility within Kazakhstan. As discussed below, it should be used by an experienced wind farm prospector and supplemented with additional information to ensure that well-informed decisions are made.
3.1.1 Wind source ranking 
The wind source ranking system should be qualified as questionable in the sense of the source, and in a subjective sense as to what is meant by "good" in scale. 
While wind speed is a reasonably representative measure of the wind energy potential at an object, air density may have a known effect on the amount of wind energy available from a given wind regime, and may vary depending on location. For example, if two locations have
a similar wind regime with average wind speeds of 8 m/s, but at significantly different altitudes (which implies a different air specific gravity), then the wind energy available at a given location with a higher air density will be greater than at another location with a lower air density.
The subjectivity of the wind speed ranking system is also predetermined by many factors, such as (but certainly not limited to) regional and national market subsidies, investor goals and available technology. A developer operating in a low-subsidized market and limited access to efficient technology classifies a good wind speed, unlike another developer operating in a technologically mature industry, where financial goals may be secondary to (for example) cultural factors motivating investment. 
PB used a wind speed ranking system that is believed to be representative of wind source estimates in a general international context and similar to other nationwide wind mapping reports that should help comparisons between different mapped areas. The ranking system is focused on commercial power generation, which usually requires higher average wind speeds to make domestic wind power viable. 
The ranking system and the percentage of the land area of the Region within each wind category are provided in Table 4.
3.1.2 Factors for qualitative assessment
In the study of wind power facilities, there are several factors that contribute to the potential of the facility for the development of wind power - one of which is obviously a source of wind. While several locations can be identified as excellent wind sources, they will generally be distinguished by features that increase or decrease their wind farm prospector potential. These may include (but are not limited to) the immediacy and capacity of the energy transmission infrastructure, the market for energy exports and the spatial distribution of energy needs, environmental issues, and logistics issues, etc. In this report, PB considered only the following information in making qualitative judgments:
· Population of the Region
A larger population has higher requirements in useful energy, developed and developing industry, and concentrated energy nodes. A higher centralized population may be more likely to implement sustainability incentives that encourage the development of a wind farm and those incentives that are implemented may be more likely to be applicable to the commercial wind power industry.
· Energy consumption and production of the region
Government areas in general tend to be net energy exporters due to financial mechanisms, and tend to be self-sufficient in electricity production for energy security purposes.
Electricity transmission operators generally strive to produce energy close to consumers in order to minimize transmission losses. For these reasons, the region will strive to create a positive energy balance.
· Existing transmission line infrastructure 
Significant expenses in the development of a wind power plant, and therefore the issue of research, is the price issue of the connection of the wind power plant collector substation to the communication network and the magnitude of the electrical losses suffered. Therefore, proximity to the main transmission lines is an important factor for the viability of wind energy projects.
There may be cases when the assumptions presented above will be affected by other local and specific factors of the object that were not mentioned in this report. Wind farm researchers reading this report should investigate other important factors (such as environmental, political/departmental, social, technical, commercial), in interactions with the assessments made in this report, assessing the viability of the wind farm project.
The data used for this analysis are provided by UNDP Kazakhstan, excluding land area data, which were taken from official Internet sources of the Region, and wind data, which were modeled by the Windlab System. The subsystem of the presented data, which were used for qualitative analysis, is presented in Table 3.
Table 3: Data provided by UNDP for qualitative analysis
	Region
	Population
	Average production capacity for 2007-2008 (MV)
	Average power consumption for 2007-2008 (MV)
	Average Annual Productivity for 2007-2008 (10 6kW/h)
	Average Annual Consumption for 2007-2008 (10 6kW/h)

	Akmola 
	1350131
	389
	1094
	2687
	6134

	Aktobe
	703660
	256
	465
	1797
	3347

	Almaty
	2968017
	888
	1572
	4854
	8470

	Atyrau
	490369
	368
	415
	2821
	3088

	West Kazakhstan
	615310
	148
	211
	1148
	1416

	Jambul
	1018845
	881
	532
	3722
	3337

	Karaganda
	1342081
	1431
	2262
	11814
	15376

	Kostanay
	894192
	203
	749
	1516
	5094

	Kyzylorda
	632234
	64
	188
	354
	998

	Mangystau
	407403
	536
	530
	3904
	3735

	South Kazakhstan
	2331505
	182
	555
	1137
	3166

	Pavlodar
	746454
	4860
	1976
	32875
	14350

	North Kazakhstan
	653921
	278
	266
	2051
	1544

	East Kazakhstan
	1417384
	1267
	1288
	7539
	8470.7


3.2 Region Analysis
The following assessment was carried out using 9-kilometer medium-scale wind mapping results modeled by the WindLab System. As discussed in the WindLab Systems report "Assessment of potential wind power in Kazakhstan" (22/02/2009), the 9-kilometer wind map uses 9-kilometer squares, and the value of this square represents the average wind speed over the entire square. In this regard, there may be local areas within the square that are above the average number (as well as below). This means that there may be local areas within the squares that have a better wind speed ranking, which is not visible in this analysis. See 100m resolution wind maps for more details of the wind source for selected regions.
The results of the analysis are presented in Table 4 and Table 5.
Table 4: Percentage of regions for each wind speed interval
	Category
	Bad
	Satisfactory
	Good
	Very good
	Excellent

	Wind Speed interval
	<6 m/s
	6-<7m/s
	7-<8m/s
	8-<9m/s
	>9m/s

	Akmola 
	31.1%
	58.3%
	10.6%
	0.0%
	0.0%

	Aktobe
	84.6%
	15.4%
	0.0%
	0.0%
	0.0%

	Atyrau 
	49.0%
	51.0%
	0.0%
	0.0%
	0.0%

	West Kazakhstan
	40.6%
	59.4%
	0.0%
	0.0%
	0.0%

	Karaganda
	80.2%
	19.8%
	0.1%
	0.0%
	0.0%

	Pavlodar 
	30.2%
	69.8%
	0.0%
	0.0%
	0.0%

	Almaty
	88.1%
	8.9%
	2.4%
	0.5%
	0.1%

	Jambul 
	79.7%
	25.5%
	0.8%
	0.0%
	0.0%

	South Kazakhstan
	87.3%
	10.0%
	2.7%
	0.0%
	0.0%

	Kostanay 
	41.6%
	58.4%
	0.0%
	0.0%
	0.0%

	North Kazakhstan
	0.0%
	84.5%
	15.5%
	0.0%
	0.0%

	East Kazakhstan
	85.2%
	14.4%
	0.4%
	0.0%
	0.0%

	Mangystau
	44.2%
	52.9%
	2.9%
	0.0%
	0.0%

	Kyzylorda
	85.4%
	12.9%
	1.7%
	0.0%
	0.0%


The percentage of the wind category shows noteworthy percentages of Good winds in Akmola, Alma-Ata, Northern and Southern Kazakhstan, Mangystau and Kyzylorda, with more than 10% detected in Akmola and Northern Kazakhstan. Only one region–Almaty - has areas of Very Good and high wind speeds. These percentages were normalized using the land area in Table 5. In very large areas of many areas, the usual wind speeds prevail.
They can still provide facilities for successful wind farm projects as project factors vary significantly depending on location and development.
Table 5: Land area in km2 for each wind speed interval
	Category
	
	Bad
	Satisfactory
	Good
	Very good
	Excellent

	Wind Speed interval
	Total land area
	<6 m/s
	6-<7m/s
	7-<8m/s
	8-<9m/s
	>9m/s

	Akmola 
	146,200
	45,500
	85,200
	15,500
	0
	0

	Aktobe
	300.600
	254,400
	46,200
	0
	0
	0

	Atyrau 
	118,600
	58,100
	60,500
	0
	0
	0

	West Kazakhstan
	151,300
	61,400
	89,900
	0
	0
	0

	Karaganda
	428,000
	343,100
	84,600
	300
	0
	0

	Pavlodar 
	124,800
	37,700
	87,100
	0
	0
	0

	Almaty
	224,000
	197,300
	20,000
	5,300
	1,200
	200

	Jambul 
	144,200
	106,200
	36,800
	1,200
	0
	0

	South Kazakhstan
	117,300
	102,400
	11,700
	3,200
	0
	0

	Kostanay 
	196,000
	81,500
	114,500
	0
	0
	0

	North Kazakhstan
	98,040
	0
	82,800
	15,200
	0
	0

	East Kazakhstan
	283,300
	241,300
	40,800
	1,200
	0
	0

	Mangystau
	165,600
	73,200
	87,700
	4,800
	0
	0

	Kyzylorda
	226,000
	193,100
	29,100
	3,800
	0
	0


The ranking of the land area shows a different representation of the sources of wind speed by the Region. As shown in Table 5, a large amount of land in the Akmola and North Kazakhstan regions is dominated by a Good average wind source, as well as in the Alma-Ata and Mangystau regions. Large Regions that did not have such high Good Wind Speed areas as a percentage are still dominated by acceptable areas of Good Average Wind speeds, due to their size. This is evidenced by the Kyzylorda and South Kazakhstan regions.
Wind maps illustrating the wind source categories available in each region are provided in Appendix D.
3.2.1 Akmola
Akmola region ranks fourth in terms of population and third in terms of high population density of Kazakhstan's regions, approximately 9.2 people per square kilometer. The region, which is located in the center of the north of Kazakhstan, in the center with the national capital Astana, although the city is politically separate from the region. The balance of average power (production versus consumption) shows that Akmola region is a significant importer of electricity with a power balance of 3,447 million kWh per year (that is, an importer) for the period 2007-2008. In 2007-2008, on average, the Akmola region imported 56% of its used energy and can benefit from additional internal and built-in generation.
Table 6 Statistics of Akmola region
	Region
	Akmola

	Population
	1,350,100

	Average production capacity for 2007-2008 (MV)
	389

	Average power consumption for 2007-2008 (MV)
	1,094

	Average Annual Productivity for 2007-2008 (millions of kWh per year)
	2,687

	Average Annual Consumption for 2007-2008 (million kWh per year)
	6,134

	Total land area (source official website of the Region)
	147,000


	Category
	Bad
	Satisfactory
	Good
	Very good
	Excellent

	Wind Speed interval
	<6 m/s
	6-<7m/s
	7-<8m/s
	8-<9m/s
	>9m/s

	Akmola
	31.1%
	58.3%
	10.6%
	0.0%
	0.0%


Good winds in Akmola region prevail in the east and north of the region. To the north, the predicted areas of Good Wind speeds surround and intersect the existing 110 kV, 220 kV, 500 kV and 1150 kV transmission lines. To the east, the existing 500 kV and 110 kV lines cross the area of Good Winds near the Pavlodar region. The remaining areas are divided into Normal and Bad wind sources, usually decreasing to the south and southwest.
3.2.2. Aktobe region 
It is located in Western Kazakhstan and borders (in addition to the six Kazakhstan regions) with Russia and Uzbekistan - the second largest region of Kazakhstan: Aktobe. The region is dominated by an average to low population relative to other Kazakh regions; however, due to its geographical size, it has the lowest population density of all regions with a population density of 2.3 people per square kilometer. This area is dominated by relatively low generating capacity (in MW) and low consumer ratio. This region is an importer of electricity on average with 46% of its used electricity coming from outside its borders between 2007 and 2008.
Table 7 Statistics of Aktobe region
	Region
	Aktobe

	Population
	703,700

	Average production capacity for 2007-2008 (MV)
	256

	Average power consumption for 2007-2008 (MV)
	465

	Average Annual Productivity for 2007-2008 (millions of kWh per year)
	1.797

	Average Annual Consumption for 2007-2008 (million kWh per year)
	3.347

	Total land area (source official website of the Region)
	300.600


	Category
	Bad
	Satisfactory
	Good
	Very good
	Excellent

	Wind Speed interval
	<6 m/s
	6-<7m/s
	7-<8m/s
	8-<9m/s
	>9m/s

	Akmola
	84,6%
	15,4%
	0,0%
	0.0%
	0.0%


The predicted wind resource in the Aktobe region is estimated as Normal to Poor. As mentioned, the low projected wind source and low population totality and density do not exclude potential wind farm facilities in this area, although it is indeed predicted to be a successful facility can be much more difficult than in other areas. Objects with relatively higher wind speeds (i.e., the usual wind speeds in a given region) are usually limited to the north of the region, near the Russian border and smaller areas to the south closer to the Aral Sea. Transmission lines are more densely distributed in the north, since they are favorable for any potential wind generation in this region.
