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Summary 

The government of Ukraine, through the State Committee of Energy Conservation (State Committee), 
is considering the implementation of energy efficiency measures in state and municipal institutional 
buildings in the city of Kyiv. The State Committee entered into an agreement with the U.S. Department 
of Energy to assess the eficiency potential of the institutional buildings sector in Kyiv. Results of this 
assessment would support a loan by the World Bank for implementing an institutional buildings sector 
efficiency improvement program in Kyiv. 

This report documents the assessment of the institutional buildings sector efficiency resource 
conducted by Pacific Northwest National Laboratory (PNNL) and its subcontractors, Tysak Engineering 
and the Agency for Rational Energy Use and Ecology (ARENO-ECO). The assessment consists of three 
primary tasks: evaluation of the institutional sector building stock in Kyiv, estimation of heat energy 
consumption in this building stock, and assessment of the cost-effective energy efficiency potential through 
retrofits to the buildings. 

Buildings suitable for inclusion in a potential loan program were identified by means of a survey of 
owning organizations. Of the 1,678 buildings identified by the survey, education buildings make up the 
largest category with 1,296 buildings and a total of 6 million square meters of floorspace. There are an 
estimated 339 healthcare buildings having about 1 million square meters of floorspace. Forty three 
cultural buildings were also included in the survey with a total of 1 13 thousand square meters of 
floorspace. Total floorspace included in the survey for the institutional sector is 7.2 million square 
meters. 

Of 17.7 Gcal of heat energy supplied to the buildings sector in the form of hot water for space heating 
and domestic hot water purposes, the share by sector is estimated as follows: residential sector 68%, 
institutional sector 16%, and commercial sector 16%. Although a literature review and professional 
experience indicate these estimates to be reasonable, uncertainty is high for these estimates. Of the 
institutional buildings included in this assessment, the educational category was estimated to represent 
about 84% of the total energy consumption. 

Building types were analyzed by size and age subcategories to determine the cost-effective energy 
efficiency potential. Measures to improve energy efficiency were selected and applied to each 
subcategory to reduce space heating and domestic hot water energy use. Measures were selected based 
on the economic criterion of a 5-year or less simple payback. ‘The measures include insulation (exterior, 
roof, attic, and pipe), weatherstripping, storm windows, radiator reflectors, controls (building and 
radiator level), low-flow showerheads, and faucet aerators. After measures were selected, the 
performance of the measure package was evaluated based on simple payback, internal rate of return, and 
net present value. 
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The estimated efficiency potential ranges from 20% of baseline energy use for art galleries and 
museums to 29% for theaters, or a weighted average efficiency potential of 26% for all buildings. The 
investment levels associated with the efficiency improvements range from $3.47 per square meter for 
schools to $6.2 1 per square meter for hospital administration buildings, or a weighted average investment 
of $4.3 1 per square meter. The total cost to install the efficiency measures is $3 1.1 million. 

As a result of energy efficiency improvements, a reduction in energy bills of $1.7 million is 
estimated in the first year, increasing to over $9 million annually when the installation of efficiency 
measures is completed in the fifth year of the program. In addition to energy use reductions, annual 
emissions are expected to be reduced as follows: 332 metric tons of NO,, 232 metric tons of SO,, and 
85,427 metric tons of COz. None of the measures considered are expected to have negative health 
impacts or other environmental impacts. 

. 

iv 



Abbreviations and Acronyms 

AIC 
AISU 
ARENA-ECO 
ASEAMS 
ASHRAE 

* CFC 
CHP 
co* 
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DOE 
DWH 
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GJ 
GWh 
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IRR 
K 
kcal 
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m 
MJ 
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NPV 
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RRR 
SCEC 
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TETS 
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* 

air conditioning 
Advanced International Studies Unit 
Agency for Rational Energy Use and Ecology 
A Simplified Energy Analysis Method, Version 5 
American Society for Heating, Refiigeration, and Air Conditioning Engineers 
chlorofluorocarbon 
combined heat and power 
carbon dioxide 
cubic decimeters 
US. Department of Energy 
domestic water heating 
energy conservation opportunities 
Enterprise Housing Divestiture Project 
full load equivalent operating hours 
gigacalories 
gigajoules 
gigawatt-hours 
International Energy Agency 
internal rate of return 
degrees Kelvin 
kilocalories 
Kyiv Municipal District Heat Company 
kilometer 
Hryvna 
kilowatt-hours 
meter 
megajoule 
oxides of nitrogen 
net present value 
operations and maintenance 
ozone depleting substances 
Pacific Northwest National Laboratory 
resistance to heat flow, defined as thickness/thermal conductivity 
required rate of return 
State Committee for Energy Conservation 
oxides of sulfur 
combined heat and power station 
typical meteorological year 
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U-value 
VAT 
w 

overall heat transfer coefficient 
value added tax 
watt 

1 Gcal = 1163 k w h  
1 Gcal = 4.186 GJ 
1 GJ = 278kWh 

Conversion Factors 
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1.0 Introduction 

The government of Ukraine, through the State Committee of Energy Conservation (State 
Committee), is considering the implementation of energy efficiency measures in state and municipal 
institutional buildings in the city of Kyiv. The State Committee entered into an agreement with the U.S. 
Department of Energy to assess the efficiency potential of the institutional buildings sector in Kyiv. 
Results of this assessment would support a loan by the World Bank for implementing an institutional 
buildings sector efficiency improvement program in Kyiv. 

This report documents the assessment of the institutional buildings sector efficiency resource con- 
ducted by the Pacific Northwest National Laboratory (PNNL,) and its subcontractors, Tysak Engineering, 
a U.S.-based engineering consultancy; and the Agency for Rational Energy Use and Ecology (ARENA- 
ECO), a Ukrainian nongovernmental organization that specializes in energy efficiency assessments. 
Companion assessments of the central district heat supply resources (combined heat and power plants) 
and distribution system (distributed heat generation plants and thermal distribution system) were 
conducted by Joseph Technology Corporation (JTC 1996) and Ekono Energy (1 996), respectively. 

1.1 Scope and Approach 

The purpose of this assessment is to characterize the economic energy efficiency potential and 
investment requirements for space heating and hot water provided by district heat in the stock of state 
and municipal institutional buildings in the city of Kyiv. The assessment involves three activities. The 
first is a survey of state and municipal institutions to characterize the stock of institutional buildings. 
The second is to develop an estimate of the cost-effective efficiency potential. The third is to estimate 
the investment requirements to acquire the efficiency resource. 

Institutional buildings are defined as nonresidential buildings owned and occupied by state and 
municipal organizations. General categories of institutional buildings are education, healthcare, and 
cultural. The characterization activity provides information about the number of buildings, building 
floorspace, and consumption of space heating and hot water energy provided by the district system. 

Because of the desire to limit the potential loan program to a small number of owing organizations, 
this assessment focused on those organizations expected to have large numbers of buildings and floor- 
space under their subordination. These organizations include the Municipal Department of Health, the 
Ministry of Health, the Municipal Department of Education, the Ministry of Education, and the 
Municipal Department of Culture. The building stock data are thus most complete for the categories of 
healthcare, education, and cultural buildings. Data were not collected for building types, such as office 
buildings, that are widely distributed among state and municipal orgainizations. 
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The analysis adopts simple payback as the primary metric for determining the suitability of 
efficiency measures for the loan program. This reflects the desire for the project savings to pay back the 
loan in a short timeframe. The basic economic requirement is for the installed cost of the energy 
efficiency measures to have a simple payback of 5 years or less. The economic analysis also examines 
the costs from net present value (NPV) and internal rate of return (IRR) standpoints. The efficiency 
potential is developed to provide estimates of the reduction in total annual energy consumption. The 
sensitivity of the investment is also examined with respect to costs of efficiency measures and energy 
savings. 

Although other buildings served by the district heating system in Kyiv are not the focus of a planned 
investment program, an estimate of the efficiency potential and cost is also developed for the residential 
sector. 

1.2 Report Organization 

The efficiency assessment is presented in the following four chapters: 

Chapter 2 provides a characterization of the building sector and the baseline heat and hot water 
energy supplied by the district heating system. 

Chapter 3 presents the energy conservation opportunities (ECOs) and the estimated economic effi- 
ciency resource along with investment requirements. This includes an analysis of the sensitivity of 
the cost-effectiveness of the investment to key factors. 

Chapter 4 presents the estimated secondary economic and environmental impacts analysis of the 
efficiency resource. Secondary economic impacts include employment, balance of payments, and 
potential domestic manufacture of equipment and materials. Environmental impacts include reduc- 
tions in emissions and worker exposure to hazardous materials. 

Chapter 5 contains a summary and conclusions. 

Appendix A describes the stock of institutional buildings and the data collection methodology. 
Appendix B describes baseline energy consumption. Appendix C contains the efficiency measure cost 
data. Appendix D describes the efficiency measure performance analysis. Appendix E describes invest- 
ment requirements. Appendix F is a review of the literature. These appendices are referenced in the 
applicable chapters. 

1.3 Study Participants 
. 

PNNL, one of DOE% five multiprogram research laboratories, conducts a significant number of 
programs in the area of energy efficiency and integrated resource planning. PNNL's Advanced Inter- 
national Studies Unit (AISU) conducts research on global climate change and manages cooperative 
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programs to transfer energy efficiency practices and technologies to other countries. PNNL provided 
technical and management oversight for this effort and contributed to the analysis. 

PNNL/AISU contracted with Tysak Engineering and ARENA-ECO to support the assessment 
activities. Tysak Engineering specializes in buildings efficiency assessments and implementation 
projects, with substantial experience in Central and Eastern Europe. Tysak provided direct oversight for 
and was directly responsible for the conduct of the majority of the analysis. 

ARENA-ECO is a Ukrainian nongovernmental, nonprofit organization dedicated to improving 
economic development and the environment through energy efficiency. ARENA-ECO provided the 
in-country coordination for the assessment and contributed to all aspects of the analysis. 
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2.0 Energy Use Baseline Assessment 

This chapter presents a baseline assessment of the consumption of district heat energy by building 
sector. Although the focus of this assessment is the institutional buildings sector, the baseline is also 
provided for the residential sector. Section 2.1 describes the building sectors defined for this assessment 
and characterizes the sectors by number of buildings and square meters of floorspace. Information on 
institutional buildings in this section is based on a survey carried out for the project, which is described 
in detail in Appendix A. Section 2.2 describes the district heating system in Kyiv. Section 2.3 provides 
estimates of the baseline space heat and hot water energy provided to each building sector by the district 
heating system. 

2.1 Sector and Subsector Definitions 

Three building sectors were defined in this analysis: institutional, residential, and commercial. Of 
these three sectors, residential buildings are the most precisely characterized in the literature. Little 
information exists on the number, size, and types of buildings in the institutional and commercial sectors. 
Characterization of the institutional buildings sector, the primary focus of this study, was carried out by 
means of a survey, which is described in detail in Appendix A. This survey was not comprehensive, but 
instead was intended to identify and characterize those categories of buildings (by type and ownership) 
most suitable for the potential loan program. No building stock information was available for the com- 
mercial sector. 

The primary descriptors used to characterize institutional buildings are function, age, and size 
(number of floors), each of which has an impact on thermal performance. The building age categories 
used are buildings constructed prior to 1958, those constructed from 1958 to 1980, and those constructed 
after 1980. These age groups conform roughly to periods with particular architectural styles and building 
codes that impact the thermal performance and applicability of energy efficiency measures (e.g., roof 
construction impacts the choice of roof or attic insulation as an efficiency measure). Building size 
categories were selected based on the available data. For institutional buildings these are 1 to 2 story 
buildings, 3 to 4 story buildings, and buildings 5 stories and greater. For residential buildings the 
categories are 1 to 4 story buildings, 5 to 9 story buildings, and buildings 10 stories and greater. The 
institutional and residential building sectors are described in more detail below. 

2.1.1 Institutional Sector 

The characterization of the institutional buildings sector was developed by surveying the state and 
municipal organizations that own and occupy buildings in this sector. More detailed information on the 
state and municipal organizations surveyed for the information in this section is presented in 
Appendix A. 
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Institutional buildings are defined as nonresidential buildings owned and occupied by state and 
municipal government organizations. There are three types (subsectors) of institutional buildings: 
healthcare, education, and cultural. Each of these types is described below. 

Healthcare 

Healthcare buildings include only those buildings under the direction of the Municipal Department 
of Health and the Ministry of Health. There are a number of healthcare facilities under the direction of 
other organizations. The majority of buildings in the survey are owned by the Municipal Department of 
Health. 

The healthcare subsector is divided into four building types as follows: 

0 Hospitals. Hospitals provide impatient care and medical services. In-patient hospitals are widely 
distributed by size with about one-third of the 160 buildings being 1 to 2 stories, 3 to 4 stories, and 
greater than 4 stories. In terms of floorspace, however, about two-thirds is in the >4 stories category, 
about half of which was built between 1958 and 1980, the other half after 1980. Hospitals are the 
largest subsector of healthcare buildings. 

Polyclinics. Polyclinics provide out-patient medical services. Polyclinics are widely distributed by 
both age and size. More than 45% of polyclinic floorspace is in the size category >4 stories and of 
post-1980 construction. About 35% of floorspace is in the categories of 3 to 4 story polyclinics built 
between 1958 to 1980 and after 1980. There are a total of 110 buildings in this category. 

0 Hospital Administration and Support Buildings. The healthcare sector includes a number of 
buildings that serve exclusively for administration and support activities. Though about 50% of the 
69 hospital administration buildings are 1 to 2 story buildings and pre-1958 construction, the largest 
concentration of floorspace (44%) is found in newer (post- 1958) buildings >4 stories. 

0 Other Healthcare Buildings. Though there are a large number of “other” healthcare-related build- 
ings (1 36), they represent only 6% of the total healthcare floorspace. In addition, 64 buildings that 
are not primarily dedicated to healthcare have some floorspace used for healthcare activities. Again, 
this floorspace represents a small fraction of total floorspace in healthcare facilities. These buildings 
were not included in the analysis. 

Education 

The education subsector is divided into four building types. Kindergartens and schools are under the 
direction of the Municipal Department of Education. Higher education facilities and student hostels are 
under the direction of the Ministry of Education. A number of additional education buildings not 
included in this analysis are under the direction of several other organizations. A description of the four 
building types follows. 
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0 Kindergartens. Public kindergartens serve a broader function in Ukraine and many other Eastern 
European countries than in the United States. After childbirth, mothers are allowed paid leave 
(currently 3 years, previously 1.5 years) to care for their child. An additional unpaid leave of the 
same duration is also available if they choose to remain in the home, with a guarantee of their old job 
when they return. Kindergartens thus serve a preschooYdaycare function for children anywhere from 
1.5 to 6 years of age. The kindergartens are generally small, with about 100-200 students, and are 
dispersed throughout the residential districts. In total there are approximately 600 state-owned 
kindergartens in Kyiv, all of them less than 5 stories high. More than half of the buildings and 
floorspace were built between 1958 and 1980 and are 1 to 2 stories high. The bulk of the remainder 
are also 1 to 2 stories and were built since 1980. 

Schools. Primary schools are also of small size and are distributed throughout the residential 
districts. The 389 school buildings are also less than 5 stories, with the majority (94%) being 3 to 4 
stories high. About half of the buildings were constructed between 1958 and 1980. Along with 
buildings constructed since 1980, there is also a sizable population of pre-1958 buildings. Schools 
are the largest single institutional building category in the survey, by area, comprising about 
2.8 million square meters of floorspace. 

0 Higher Education. This building type includes technical institutes and universities. Of the 174 
higher education buildings, more than 50% of buildings and floorspace were constructed in the 
period 1958-1980. About 25% of the floorspace is in the post-1980 category. This floorspace is 
accounted for by 19% of the buildings, reflecting a trend toward larger buildings in this period. 

' 

0 HosteZs. The Ministry of Education also operates a significant number of residential buildings for 
students. As with other higher education buildings, most hostels are greater than 5 stories, 
accounting for nearly 90% of total floorspace for hostels. About three quarters of this floorspace was 
built from 1958 to 1980. 

Cultural 

The cultural buildings included in the survey are owned by the Municipal Department of Culture. 
The cultural buildings category is divided into two building types as follows: 

Theaters. Most of the 12 theaters included in the survey are of pre-1958 construction and have 3 to 4 
stories. Pre-1958 buildings also make up 85% of floorspace. 

0 Art GaZZeries/Museums. Information was collected for 3 1 art galleries and museums. About 84% of 
these (26) are of pre-1958 construction. 

The estimated number of institutional buildings and floorspace by building category and ownership 
is shown in Table 2.1. A more detailed listing is provided in Appendix A. 
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Table 2.1. Number and Floorspace of Institutional Buildings by Type and Subsector, 1996 

Institutional Buildings Number of 
Subsector Type Buildings 

Healthcare Hospitals 160 
Polyclinics 110 
Administration 69 

Education Kindergartens 600 
Schools 3 89 
Higher Education 174 
Hostels 133 

Cultural Theaters 12 
Art Galleries/Museums 31 

Total 1,678 

Floorspace 

637,125 
293,867 
92,245 

1,312,326 
2,804,268 
1,228,765 

730,614 
48,043 
65,358 

7,212,611 

(m') 

2.1.2 Residential Sector 

Year Number Dwellings Average Area (m2) 
1980 620,400 53.4 
1985 70 1,300 54.4 
1990 807,300 54.0 
1991 (b) (b) 
1992 (b) (b) 
1993 (b) (b) 
1994 (b) (b) 
1995 (b) ' (b) 
1996 889,400 55.1 

The characterization of the residential sector building stock in Kyiv is derived primarily from a 
report on building sector efficiency potential in Kyiv (TACIS 1994) and the more recent studies by 
Joseph Technologies and Ekono Energy (JTC 1996; Ekono Energy 1996). These reports are reviewed in 
detail in Appendix F. Total estimates of residential floorspace for the past 16 years are presented in 
Table 2.2. 

Floorspace 
(million m') 

33.1 
38.1 
43.6 
44.5 
45.5 
46.3 
47.2 
48.1 
49.0 

Table 2.2. Residential Buildings and Floorspace(a) 
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In 1990,99.7% of buildings used for public housing were connected to the district heating network, 
and public-owned buildings made up 95.5% of total dwellings (TACIS 1994). Hence, descriptions of the 
residential housing sector describe, to a large degree, the residential sector demand on the district heating 
system. 

The stock of residential buildings is divided into age categories depending on location either in the 
city center or the periphery as follows (TACIS 1994): 

0 Residential buildings located in the city center compose less than 5% of the floorspace. Of these, the 
distribution by construction time period is: 

constructed before 19 1 7 

constructed from 19 17- 196 1 

constructed after 196 1 

61% 

34% 

5% 

Residential buildings located on the periphery compose more than 95% of the floorspace. Of these, 
the distribution by construction time period is: 

constructed before 196 1 

constructed from .196 1 - 1975 

constructed after 1975 

0% 

3 1% 

69% 

Multifamily residential buildings can also be described according to the number of building stories, 
which has a strong correlation with thermal performance. In Kyiv the housing floorspace is divided as 
8.3% in buildings 1 to 4 stories, 67.9% in buildings 5 to 9 stories, and 23.8% in buildings over 9 stories 
(Ekono Energy 1996). While a more precise description of the building size categories would be useful, 
this characterization will suffice for a first order approximation of the residential buildings efficiency 
resource because it is not the focus of this assessment. 

2.2 District Heat System Overview 

The district heating system in Kyiv consists of six heating regions, with the addition of two heating 
regions planned. Heating regions 1 , 2, and 3 are located on the west side of the Dnieper River, and 
regions 4, 5, and 6 on the east side of the river. The layout of the six heating regions is shown in 
Figure 2.1. The two planned regions are to the south of region 6. 
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Figure 2.1. District Heating Regions in Kyiv 

Hot water is supplied from a number of sources with capacities shown in Table 2.3. 

Table 2.3. Hot Water Capacity of the Kyiv District Heating System 

Source GcaVHr M W  YO 
Kievenergo 5,667 6,591 60.1 

Akademteploenergo 250 291 2.7 
Industrial Boilers 2,221 2,583 23.5 
Other Boilers 783 911 8.3 
Total Capacity 9,432 10,969 100 

Kyiv Municipal District Heating Company 511 594 5.4 

Kievenergo owns and operates two combined heat and power (CHP) plants, purchases heat from a 
CHP supplier, and owns and operates nine large heat-only boiler plants. The Kyiv Municipal District 
Heat Company (KGTKE) owns and operates 112 heat-only boiler plants, Akademteploenergo owns and 
operates two heat-only boiler plants, and industrial sources provide heat from about 350 plants. Indus- 
trial boiler capacity also includes 1,60 1 Gcal steamhour, which is consumed primarily for process uses. 
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The primary heat transmission network (transmission system) is about 1,000 km in length, about 
768 km of which Kievenergo owns and maintains. The KGTKE is responsible for about 232 km. 
KGTKE also owns and maintains 2,206 substations and an estimated 662 km of secondary network 
(distribution system) [estimated assuming 300 m per substation]. The other heat suppliers also own and 
maintain sections of piping and substations. 

Hot water is supplied to the network in a constant flow configuration, with heat delivery regulated by 
hot water supply temperatures having a design temperature of 150°C. Hot water for space heat is 
supplied directly to most buildings through a hydroelevator system located in the basement. In this 
system, entering water is cooled to appropriate levels by mixing with the return water in a venturi nozzle. s 

Buildings operators purchase heat from the system based on estimated consumption rather than 
actual consumption. Because of the lack of heat metering in buildings, there is no way to verify that 
charges match consumption, and hence there is no incentive to conserve energy. Buildings also lack 
functional controls, so temperature regulation. is carried out by opening windows. Though radiators are 
sometimes equipped with shut-off valves, the poor quality of the valves recommends against their use. 
In normal conditions, significant overheating occurs early and late in the heating season and during warm 
periods in the middle of the winter. In recent years, however, fuel supply and capacity constraints have 
reduced service levels, resulting more commonly in under-heating than over-heating. Lack of effective 
controls also results in poor heat distribution, so that some rooms, zones, or buildings may be under- 
heated while others are adequately or over-heated. 

2.3 Thermal Energy Consumption Baseline 

In this study, the energy efficiency potential is estimated from baseline energy consumption esti- 
mates, which are developed from a combination of simulation modeling estimates, actual system per- 
formance data, and design performance estimates. Efficiency potential is expressed as a percentage of 
this baseline. Because of this, the magnitude of the baseline energy consumption plays a critical role in 
the estimation of the cost-effective resource potential. Lacking a significant amount of metered data, 
these baseline energy consumption estimates are at best approximate. Though a wide variety of sources 
exist, the information contained in these sources is not always consistent. For some parameters, such as 
transmission and distribution system performance, the actual efficiency is only an educated estimate. 
Baseline energy consumption estimates are presented below. 

This section presents estimates of the consumption of energy in the district heating system in the city 
of Kyiv for 1995 and estimates of the consumption of heat and hot water in the buildings sector by 
building category. Because of the poor economic situation in Ukraine in 1995, the district heat energy 
production was depressed relative to normal conditions due to fuel shortages and capacity constraints. 
The 1995 energy flow estimates are used primarily to illustrate the relative importance of the various 
heat supply sources and heat consuming sectors. The efficiency resource assessment is based on design 
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heat consumption estimates and modeled performance in normal heat supply conditions. Hence, the 
building sector level heat consumption estimates used in assessing the efficiency potential will differ 
from the 1995 heat consumption estimates. 

Estimates of energy flows in the district heating system are largely based upon the reports prepared 
by Joseph Technologies and Ekono Energy for the rehabilitation of the heat generation and distribution 
components of the Kyiv District Heating System (JTC 1996; Ekono Energy 1996). The baseline and 
forecast heat consumption estimates in these reports are based primarily on a master plan developed by 
Ukrenergoprom in 1995 in close cooperation with Kievenergo, Energoproject, and Kievproject 
(Ukrenergoprom 1995). 

In addition, the Joseph Technologies report contains detailed operations and accounting information 
for Kievenergo and KGTKE both for the year 1995 and, in the case of Kievenergo, for estimated 1996 
operations. The Ekono Energy report also contains fuel energy use data for Kievenergo and KGTKE. 

Estimates of building sector level energy flows in the district heating system are difficult to make 
because of the lack of metered energy consumption data for the system and for Kyiv buildings. 
Estimates of the distribution of heat energy consumption are generally derived in terms of capacity 
demand data (usually given as GcaVhour). Though some limited metering has been done to calibrate 
building energy demand models (e.g., TACIS 1994), estimates of specific energy consumption in 
buildings must often be developed from rough estimates of system performance, and rough descriptions 
of the supply system connections to buildings’ floorspace. A more detailed evaluation of the various 
specific energy consumption estimates found in the literature is presented by building sector in 
Appendix B. 

City-level heat and energy flow estimates for 1995 are presented in Tables 2.4 through 2.6, and are 
summarized in Figure 2.2. Values used to generate Figure 2.2 are shaded in the respective tables. 

Fuel consumption (Table 2.4) is presented only as the city-level total, and is assumed to be split as 
85% natural gas and 15% mazut. This estimate is based on Kievenergo accounting data (JTC 1996) and 
is consistent with the dominant use of natural gas for boiler fuel in Kyiv. 

Heat and electricity production are presented by supplier in Figure 2.2. These values can be found 
by supplier in the bottom two rows of Table 2.5. In Figure 2.2, the category “other” includes heat 
produced by heat-only boiler plants and individual heat generators. 

Heat and electricity consumption estimates in Figure 2.2 are from the right-hand column of 
Table 2.6. The public sector total (4.2 million Gcal) is split into commercial and institutional sectors in 
Figure 2.2. Because there is no actual data on energy consumption in public buildings, this value is split 
evenly between the two sectors. The estimated energy consumption of 1.1 Gcal for education, cultural, 
and healthcare buildings suggests that this assumption is reasonable. Energy flows for Kievenergo and 
KGTKE are based on actual 1995 fuel consumption and heat production data reported in Ekono Energy 

I 
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Table,t:4. Bstimated:Fuel.Consumption (thousand Gcal) by District Heat Suppliers in Kyiv, 1995 

Consumer Groups 

I 

industry Water 

Total for Electricit 
Total for Heat 

Total for All Consumers 

Estimated Fuel Consumption By Heat Suppliers 

individual 
Heat 

Generators 

14 
784 
763 
21 

784 
784 

Total for 
All 

Suppliers 

- 
15 

18,613 
12,617 

- 
5,995 
9,344 
6,869 
7,471 

34,827 

- 
- 

) TETS refers to combined heat and power plants. 

)tal fuel use estimates for Kievenergo and Kievzhilteplokommunenergo from Ekono Energy (1996). Sector splits for Kievenergo from Ekono Energy (1996) and for Kievzhilteplokommunenergo from 
pacity demand splits from Ukrenergoprom data. Fuel use estimates for other boiler owners estimated from heat production estimates based on an estimated average boiler efficiency of 88%. Fuel use for 
xtricity estimated from electricity supply data and Kievenergo estimates of 1996 heat rate (JTC 1996). 



N 
L 
0 

Total for 
All 

Suppliers 

1s 
16,373 

11,103 
5,269 

8.244 
S,839 
5.049 
4,341 

36,456 

Table 2i.% Estimated Heat, and Electricity Supply.(thousand Gcal) to the District Heating System in Ryiv, 1995 

. 

II I 

Total Electricity (Gwh) 
Total El. (thousand Gcal) 

Total Heat (thousand Gcal) 
//(a) TETS refers to combined heat ai 

Estimated Heat and Electricity SUDD~Y bv Heat Suaaliers 1 
Heat-Only Boiler Plants 

power plants. 

Individual 
Heat 

Generators 

14 
692 

613 

19 
0 

- 
692 

Heat production for Kievenergo and KievzhilIeplokommunene~o estimated from energy use data and boiler performance estimates (Ekono Energy 1996). Total heat production for heat-only boiler plants, industrial 
boilers and secondary sources, and individual heat generators from Ekono Energy (1996). allocated by sector based on heat demand estimates (Gcalhour) from Ukrenergoprom. Electricity production from 
Kievenergo data (JTC 1996). 



Table 2.6. *Estimated Heat and Electricity Consumption (thousand-Qeal) from the District Heating System in Kyiv, 1995 

Consumer Groups 

1 

Residential Total inCl.: 
and Public Residential 

Sector Public 

- IndusQ' Hot Water 

Steam 
Total Electricity (Gwh) 

Total El. (thousand Gcal) 
Total Heat (thousand Gcal) 

(a) TETS refers to combined heat ar 

TETS(*) 

Estimated Heat and Electricity Consumption 

Heat-Only Boiler Plants 

Kievenergo 

District 
TETS(*) Boiler Total 

Plants 

ower plants. 

Akademteploenergo Kievzhilteplokommunenergo Heat-Only Total for 
Boiler Plants Heat-Only 

District Other District Other of Other Boiler 
Boiler Boiler Total Boiler Boiler Total Owners plants 
Plants Plants Plants Plants 

Industrial 
Boiler Plant 

and 
Secondav 

Energy 
Resources 

W R )  

~~ 

13 

269 

20 1 
69 

4.229 

- 
- 

- 
4,498 - 

Individual 
Heat 

Generators 

- 
14 

554 

538 

IS - 

- 
554 - 

Total for 
All 

Suppliers 

- 
15 

13,098 
- 

- 
24,746 - 

Heat supply estimated from heat production assuming 20% losses of heat'and steam in the transmission and distribution system (Ekonon Energy 1996). and assuming electricity transmission losses of 8.3% based on 
Kievenergo data (JTC 1996). 



I I I 

Fuel Input I Heat and Electricity I Transmission/Distribution I End-Use Consumption 
I Production I I 

Figure 2.2. Estimated Energy Flow of Kyiv District Heating System (million Gcal), 1995 

(1996). Energy flows for Kievenergo are distributed by building sector according to building sector 
shares given in Ekono Energy (1 996), and are consistent with Ukrenergoprom estimates. Energy flow 
shares by building sector for KGTKE are taken from capacity demand shares from Ukrenergoprom. - Energy flow estimates for other heat suppliers are taken from annual heat production estimates in Ekono 
Energy (1996) distributed by building sector using Ukrenergoprom capacity demand shares. Energy use 
for these suppliers is back-calculated based on an estimated boiler performance of 88%, the approximate 
value for Kievenergo boilers (Ekono Energy 1996; JTC 1996). 

Heat supply to buildings is estimated from heat production by assuming an average of 20% trans- 
mission and distribution system losses, taken from Ekono Energy (1996). This value is higher than both 
the Joseph Technology estimate (12%) and the annual average values in Kievenergo documents(') (13%) 
presented in Joseph Technologies (JTC 1996). These values appear low considering the poor condition 
of the transmission and distribution system. This is illustrated by the high level of water leakage from 
the system, estimated at from 5 to 45 times system volume annually depending on the network (Ekono 

(a) Kievenergo loss estimates vary by quarter from 10% (first quarter) to 33% (third quarter) for annual 
average losses of 13%. 
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Energy 1996). By comparison, Ekono Energy cites normal replacement volumes for a well-maintained 
system of 1 to 2 times system volume per year. 

The energy flow diagram (Figure 2.2) also shows fuel use in the production of electricity by com- 
bined heat and power plants. Fuel-use estimates are taken from Kievenergo accounting data presented in 
Joseph Technologies (JTC 1996). Power production is estimated using a heat rate of 1,480 kcal/kWh, 
which is derived from detailed power generation estimates for Kievenergo in 1996 (JTC 1996), and 
includes power purchases by Kievenergo. Net electricity supply is estimated assuming 8.3% transmis- 
sion losses, also from the same source. 

Annual energy-flow estimates shown in Figure 2.2 are based on actual conditions in 1995, and hence 
cannot be compared directly with annual energy-flow estimates from Ukrenergoprom and Ekono Energy, 
which are based on estimated energy flow in normal fuel supply and capacity conditions. It is estimated, 
however, that in 1995 the heat supply was about 74% of the expected supply in normal conditions 
(Ekono Energy 1996). Using this ratio, the total residential sector heat supply (1 995 actual) of 
8,883 Gcal (Table 2.6) leads to an estimated 12,084 Gcal in normal supply conditions. This value can be 
compared to the Ekono Energy and Ukrenergoprom estimates of 1 1,3 14 and 15,080 Gcal, respectively. 
By comparison, estimated heat consumption based on design data and residential floorspace data is 
1 1,685 Gcal (see Table 2.6 and Appendix B for derivation of this estimate). 

Including energy used in the production of electricity, Kievenergo accounts for 58% of the total 
42.3 million Gcal of fuel consumption. After conversion losses, this amounts to a production of 
24.6 million Gcal of hot water, 5.9 million Gcal of steam, and 4.3 million Gcal(5049 GWh) of 
electricity. Total supply of heat energy after transmission and distribution losses is 24.8 million Gcal, of 
which 47% is for industry (including hot water and steam), 36% for residential buildings, and 17% for 
institutional and commercial buildings. The residential sector is estimated to account for over two-thirds 
of building sector heat consumption, with the remaining one-third split about equally between the 
institutional and commercial sectors. 

2.3.1 Building Sector Heat and Hot Water Consumption 

Heat and hot water energy consumption provided by district heat is estimated in this section for each 
of the three building categories discussed in Section 2.1. As noted above, these estimates are based on 
the assumption of normal heat supply, and hence cannot be compared directly to the building level heat 
supply values in Figure 2.2, which are estimated to be about 74% (based on 1995 data) of normal supply 
conditions. Heat consumption for other building sectors can be estimated by dividing the values in 
Figure 2.2 by 0.74. 

Institutional Sector 

The heat consumption estimates for the institutional sector were based on floorspace data from the 
survey discussed in Section 2.1 , design heat consumption estimates for representative buildings in each 
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subsector, and a sample of metered information taken in December of 1996. Additional detail on the 
estimation of institutional sector heat and hot water consumption is provided in Appendix B. 

The estimates of institutional sector heat and hot water consumption are shown in Table 2.7 by build- 
ing type and subsector. Institutional sector energy use is dominated by education, which has the largest 
amount of floorspace. 

Table 2.7. Institutional Sector Baseline Heat and Hot Water Energy Consumption 
Supplied by District Heat 

ir- Institutional Buildings 

Healthcare Hospitals 
Subsector Type 

Polvclinics . 

Baseline Energy Use 
(thousand Gcal) 

157 
59 

IIEducat ion 

1 Cultural 

IlTotal I I 1,446 II 

Administration 16 
Kindergartens 329 
Schools 470 
Higher Education 240 
Hostels 154 
Theaters 10 
Art Galleries/Museums 12 

Residential Sector 

The baseline heat consumption estimates for the residential sector are based in part on analysis con- 
ducted for a recent World Bank report (World Bank 1996) and in part on a recent study conducted in the 
Czech Republic (PNNL 1996). Additional detail for the residential sector baseline is located in 
Appendix B. 

The estimates of residential sector heat and hot water consumption are shown by building type in 
Table 2.8. The total energy use estimate closely approximates the value of 8.9 Gcal as shown in 
Figure 2.2 adjusted by the factor 0.74. Residential sector energy use is largest in the 5 and 9 story 
building types, which dominate total floorspace. Five story buildings also have a relatively high 
estimated specific energy use. 

Commercial Sector 

No attempt was made to characterize the commercial sector building stock. Baseline energy con- 
sumption by this sector is estimated to be 2.8 million Gcal annually based on the values in Figure 2.2 and 
the adjustment factor of 0.74. 
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Table 2.8. 

Building Type 
2-story 
5-StOV 
9-StOry 
14-story 
Total 

. 
Baseline Energy Use 
(thousand GcaVyear) 

2,569 
3,545 
3,545 
2,026 
11,685 

Residential Sector Baseline Heat and Hot Water Energy Consumption 
Supplied by District Heat 
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3.0 Efficiency Assessment 

The estimated cost-effective efficiency resource and corresponding level of investment required to 
obtain the resource is presented in this chapter. Section 3.1 describes the measures considered for 
application in Kyiv, as well as those not considered applicable to this project. The technical and 
economic analysis approaches employed to estimate the efficiency resource are described in Section 3.2. 
The building sector efficiency resource is discussed in Sections 3.3,3.4, and 3.5. 

The efficiency resource and investment levels are developed with attention to the institutional 
buildings sector. The efficiency resource and investment levels are also estimated for the residential 
sector using existing information. 

3.1 Efficiency Measures 

Forty six energy conservation opportunities (ECOs) were evaluated for improving building sector 
energy efficiency. Of these, 20 were determined to be applicable to one or more building types and were 
analyzed with respect to energy efficiency potential, cost, and availability on the Ukrainian market. 

A brief discussion of the ECOs evaluated follows. Measures considered applicable to Kyiv buildings 
within the scope of this project are presented in Section 3.1.1 ; measures not considered applicable are 
located in Section 3.1.2; and a summary of the applicable measures is located in Section 3.1.3. 

3.1.1 Efficiency Measures Considered 

The 20 efficiency measures considered applicable to buildings in Kyiv are presented by category of 
application: building envelope measures, air handling measures, domestic water heating measures, and 
heating system measures. The description of each measure includes the building type application, 
installation cost, and availability. Efficiency measure cost data are presented in more detail in 
Appendix C. 

Building Envelope Measures 

1.  Insulate Exterior Side Walls - Insulation installed on the exterior walls of the building improves the 
R-value, or thermal retention, of the building shell, and therefore decreases heat loss through the 
walls. Depending on the method used and the material thickness, the R-value of the walls may be 
increased by 0.8 to 1.4 m2 WW. Exterior insulation also results in increasing the temperature in 
zones adjacent to exterior walls by as much as 3 to 5 O C ,  thus indirectly reducing overheating of the 
building core space when building temperatures are properly adjusted and building temperature 
controls are available. An additional positive effect is the elimination of moisture condensation on 
the interior side of the external walls in cold weather. 
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The insulation of exterior walls with a large window-to-wall ratio is typically labor intensive and 
costly. Only insulation of walls without windows or with a relatively small number of windows was 
considered. Practically, this means that only two sides are insulated for most buildings. 

Building Type Application 

- This measure was considered applicable to most building types. Exceptions include buildings 
constructed prior to 1958, mainly because these buildings have thick brick walls with complex 
external surfaces which make it very difficult and inefficient to install any external insulation. In 
addition, some cultural buildings are not suitable for external insulation because of changes that 
would occur to the external appearance. 

Considerations 

- Although this ECO is widely used, poor workmanship can cause the energy savings to be less 
than expected in many installations. 

This ECO generally has a high installation cost and is therefore not cost-effective in most 
applications. In particular, one study in Kyiv found exterior insulation difficult to justify 
economically, with payback periods ranging from 7 to 26 years (TACIS 1994). New spray-on- 
type foam insulation is much cheaper and has been used in some projects for this ECO; however, 
this method has not been widely demonstrated and is not considered here. 

Positive impact on comfort, elimination of condensation problems in coldest rooms, and 
elimination of health problems (due to fungus growth on wet wall surfaces) supports selection of 
this ECO. 

Although this ECO is passive, its effectiveness relies upon active measures to control heat input 
to prevent overheating. 

Heat controls require operational oversight and maintenance. 

Change in building exterior appearance must be considered. 

- 

- 

- 

- 

- 

cost 

- Material costs vary widely depending on the type of insulation used. For this project, material 
costs are estimated to be $1 0.50/m2. 

Labor time to install the measure is estimated to be 1.1 hours/m*, with a labor cost of $14.66/m2. - 
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Availability 

- Insulation materials are readily available domestically. 

- Materials may be a source of domestic manufacture. One manufacturing operation in Kyiv has 
developed an external insulation product that includes fastening and facing materials; however, 
the product is not currently in production and may not be cost-effective. 

2. Insulate Roof - The top floor ceiling in many building types is poorly insulated, which results in 
substantial heat loss from the top floor. Higher space heat to compensate for this often causes over- 
heating of the building core space. Insulating the top floor ceiling from the interior side sometimes 
causes moisture condensation in the corners and on the upper portion of vertical walls due to thermal 
bridging of walls/ceiling. Roof insulation installed from the outside must be covered by a new layer 
of roofing material. This technology is applicable to buildings with a flat roof and single-roof-panel 
construction (without a ventilation space). Roofs of buildings with ventilation space (between the 
ceiling and the roof panels) can be insulated by applying the insulation between the ceiling and roof 
panel. The roof insulation increases the R-value by 2.1 to 3.0 mZWW. 

Building Type Application 

- This measure is applicable to all buildings with a flat roof (without attic). For this study, all 
institutional buildings constructed after 1958 are assumed to have a flat roof. Some buildings 
constructed earlier also have flat roofs; however, peaked roofs are more common. For these 
buildings attic insulation is considered (measure 3 described below). 

Considerations 

Application of the insulation to the exterior roof surface requires installation of a water 
membrane. 

Insulation installed in the ventilation space between the roof and ceiling panels must be well 
ventilated to prevent condensation and deterioration of the insulation material. 

Ukrainian fire codes restrict the use of synthetic insulation in buildings. 

Although this measure is passive, its effectiveness relies on active measures to control heat input 
to prevent overheating. 

costs 

- Material costs are estimated to be $23.41/m2 
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- Labor time to install the measure is estimated to be 0.34 hours/mZ with a labor cost of $4.54/m2. 

Availability 

- Roof insulation and roofing materials are readily available. 

- Foreign-made insulation and roofing materials are available from local outlets of foreign 
suppliers. 

3. Insulate Attic - Insulating the attic is a widely used method of reducing heat losses in buildings that 
have an attic space. The insulation may be installed in many different ways (e.g., blown into the 
attic, laid on top of the ceiling, or poured in as a foam/liquid). Fiberglass blankets or boards or 
Styrofoam boards are most commonly used. Depending on the method used, the R-value can be 
increased by as much as 3.5 m2 WW. 

Building Type Application 

- This ECO is applicable to all buildings with a pitched roof and an attic space. All buildings 
constructed prior to 1958 are assumed to have an attic space suitable for installing the insulation; 
however, the ECO may be more cost-effective in some building types than others. Information 
indicates that buildings constructed after 1958 typically do not have a pitched roof, and attic 
insulation is not applicable to these buildings. 

Considerations 

- Insulation in attics accessible as storage space must be protected in walkways and in areas used 
as storage or for any other purposes. 

- The cost of protection material and its installation must be considered. 

- Ukrainian fire codes restrict the use of synthetic insulation in buildings. 

costs 

- Material costs are estimated to be $6.45/m2. 

- Labor time to install the measure is estimated to be 0.37 hours/m2, with a labor cost of $4.93/m2. 

A vailabil ity 

- Attic insulation materials are readily available in all forms (hard boards, spray, fiberglass) from 
local sources. 
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4. Insulate Floor Above Basement - Insulating the floor above a cold basement, crawl space, or 
concrete slab improves the floor R-value as well as the comfort of occupants, which typically results 
in a lower thermostat setting. Many floor covering materials with good thermal insulation are 
available. For floors with an air cavity, blown-in cellulose-based insulation is also available. 

Building Type Application 

- Floor insulation is applicable to all buildings considered in the study. 

Considerations 

- Insulation installed on the floor must be designed to sustain required traffic or must be protected 
by walk-on materials. Many flooring materials having the required insulation characteristics can 
be used. 

- Ukrainian fire codes restrict the use of synthetic insulation in buildings. 

- Floor insulation increases the comfort level for occupants by lowering the room’s vertical air 
temperature stratification. 

- Although this measure is passive, its effectiveness relies on active measures to control heat input 
to prevent overheating. 

- Balancing the heating system (radiator control) in the space with insulated floors may be 
necessary. 

Basement below the insulated floor will be colder, and in some instances it may be necessary to 
heat the basement to prevent frost damage to plumbing. 

- 

- Buildings with a basement may also be insulated from the bottom (basement ceiling). 

costs 

- Material costs are estimated to be $6/mZ. 

- Labor time to install the measure is estimated to be 0.12 hours/m2, with a labor cost of $1 .60/m2. 

Availability 

- Limited types of floor insulation materials and basement ceiling insulation materials are 
available from domestic manufacturers. Decorative floor materials are available from local 
outlets of foreign suppliers. 
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5. Weatherstrip Windows and Doors - Sealing cracks around windows and doors is a simple way to 
reduce infiltration to occupied and unoccupied spaces and thus reduce the energy required to heat 
ambient air entering the heated space and reduce the heat losses to unheated spaces. Windows, 
especially in older buildings, fit poorly, resulting in significant levels of unnecessary infiltration. To 
be functional, seals have to be properly installed and maintained. 

Building Type Application 

- Weatherstripping of windows and doors is applicable to all buildings in which the windows were 
not recently replaced with new tight-construction, high-performance windows. It is assumed that 
such upgrades have been done in only a small number of buildings in the city of Kyiv. 

Considerations 

Weatherstripping improves comfort levels in the space by eliminating drafts close to windows. 

Some spaces indirectly rely on fresh air supply by uncontrolled infiltration through the windows. 
Proper sealing of window gaps may cause lower indoor air quality. Spaces with high 
requirements for fresh air must be provided with forced ventilation with heat recovery. 

In buildings that suffer from periodic or chronic under-heating, building occupants may have 
previously adopted some type of weatherstripping or sealing measures to reduce infiltration. 
Commonly found measures include the use of foam-type material in areas of poor window 
sealing, and taping window frames closed during winter months when ventilation requirements 
are small. In many cases, these measures appear to be quite effective; however, in the absence of 
under-heating, maintenance of these measures may be limited. In addition, as with most 
measures, weatherstripping will be effective only if active measures are taken to control space 
temperatures. 

Seals have to be inspected and properly maintained. The life of a typical seal is approximately 
5 years; then it has to be replaced. 

costs 

- Material costs are estimated to be $0.9/m. 

Labor time to install the measure is estimated to be 0.1 hours/m, with a labor cost of $1.05/m. - 
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Availability 

- Good quality window seals currently must be imported or purchased from local outlets of foreign 
manufacturers, but could be a source of domestic manufacture. Good quality seal materials are 
crucial to attaining savings. 

6. Install Storm Windows and Weatherstripping - The fenestration area of buildings in Ukraine can 
be a significant fraction of the building envelope area, The U-value, or rate of heat loss, of the 
windows is 2.7 to 4.2 times greater than for the walls. Consequently, heat losses through windows 
are significant. Installation of a third pane on existing windows provides improved R-value for the 
fenestration area and reduces heat losses through the glass. The U-value of a window with a third 
glass (storm window) is typically 1.9 to 2.1 W/mZK, whereas the common two-pane window has a 
U-value of 2.6 to 2.8 W/m2K. It is also assumed that new storm windows will provide a tighter fit 
resulting in lower infiltration. Installation of weatherstripping on existing windows is assumed to be 
done at the same time. 

Building Type Application 

- This measure is assumed to be applicable to all buildings. 

Considerations 

- The storm window is installed in its own light frame attached to the exterior side of the existing 
window frame (typically wood frame). The storm window frame can easily be used as an insect 
screen during the summer. 

- On some windows designed to open to the outside, the third glass may be installed on the 
external side of the openable window frame. 

- A storm window will reduce uncontrolled infiltration, and spaces relying on such sources of 
fresh air may need to be ventilated via controlled ventilation (with heat recovery). 

costs 

- Material costs are estimated to be $60 per window. 

Labor time to install the measure is estimated to be 5 hours per window, with a labor cost of 
$66.67 per window. 

1 

- 

3.7 



Availability 

- Storm windows may be manufactured by local window/door manufacturers or purchased from 
local outlets of foreign suppliers. 

- This product may be a source of local manufacture. 

7. Install High-Performance Glass and Weatherstripping - Depending on the ratio between the 
external wall area and the fenestration area, up to 30% of the heat loss by the building envelope is 
through the glass. Existing windows have regular potassium-based glass with thickness in the range 
of 2.5 to 3 mm. Such windows have U-values of approximately 2.7 to 3.07 W/m2K. It is typically 
not economical to replace the entire window including the fixed frame. Instead, only the glass or 
window wings are replaced. Window glass available on the market today is highly heat reflective 
and has greater thermal resistance resulting in lower U-values in the range of 1.5 to 1.8 W/mZK. 

Installation of weatherstripping on existing windows is assumed to be done at the same time. 

Building Type Application 

- This measure is assumed to be applicable only to cultural buildings. 

Considerations 

- When the frame of the window glass is structurally acceptable, only the glass pane is replaced; 
however, sometimes, especially in very old windows, the window must be retrofitted by 
replacing the entire movable part. 

- High-performance glass is highly reflective and provides a thermal shield during the summer 
time, especially in windows exposed to direct sunshine. Should air conditioning be used in the 
space, energy savings during the cooling season are significant. . 

- It is usually sufficient to replace only one (external) pane in a double-glassed window. 

costs 

- The material costs for this measure are estimated at $24.50/m2. 

- Labor time to install this measure is estimated at 1.4 hours/mz, with a labor cost of $1 8.66/m2. 

Availability 

- High-performance glass is available from local outlets of foreign manufacturers and suppliers. 
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8. Install Third Window Pane - One of the commonly used methods of increasing the thermal 
resistance of windows is to install a third pane into the existing window frame. This is accomplished 
by modifying the existing window frame holding the glass pane and inserting an additional high- 
performance pane. The most appropriate way is to install the new high-performance glass to the 
outside. Practically, it is easier to install it between the existing panes. Sometime, a UV-resistant 
plastic foil with thickness of 0.04 mm is installed between the frames and sufficiently stretched to 
avoid Iighthiew distortion. However, the life of plastic foil is substantially shorter (3-5 years) and 
overall life cycle costs may be greater. 

Installation of weatherstripping on existing windows is assumed to be done at the same time. 

Building Type Application 

- This measure is assumed for all building categories, except where the appearance of the window 
is critical (historical buildings). 

Considerations 

- It may not be feasible to install a third pane in windows with poor frames or in windows that 
have complex shapes. 

- It is necessary to ensure that the third pane is removable for window cleaning. 

- Assembly must be airtight to prevent dust and moisture entering the space between the panes. 

costs 

- The material costs for this measure are estimated at $13.00/m2. 

- 

Availability 

Labor time to install this measure is estimated at 1.33 hours/m2, with a labor cost of $17.69/m2. 

- High-performance glass is available from local outlets of foreign manufacturers and suppliers. 

Window foil is available from local suppliers. - 

9. Install Heat Reflectors Behind Each Radiator - Heat reflectors deflect the radiant portion of the 
heat otherwise absorbed by the wall (in most cases an exterior wall) into the heated space. The wall 
temperature behind the radiator is lowered and the R-value of the part of the wall covered by the 
reflector is increased, thus reducing the heat losses. This is in many cases a “do-it-yourself’ 
inexpensive measure. 
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Building Type Application 

- All buildings are heated by hot water (or steam) radiators, and this measure is applicable to all 
buildings. 

Considerations 

- Some radiator types in Kyiv may be installed too close to the wall and may require some 
additional work during the installation of the reflecting material. Removal of the radiator or its 
disconnection from pipes was not considered to be necessary. Such cases are assumed to be 
minimal. 

- Reflectors improve thermal comfort in the room, sometimes resulting in a lower temperature 
setting of the thermostat (where available). 

- Reflecting material with thermal insulation was assumed for the application. 

- Self-adhesive materials can be used in easy-to-access places; adhesive tape should be used for 
places with difficult access behind radiators. 

costs 

- Material costs are estimated to be $5.16 per radiator. 

- Labor time to install the measure is estimated to be 0.37 hours, with a labor cost of $3.90 per 
radiator. 

Availability 

- This material will have to be imported or purchased from local outlets of foreign manufacturers. 

Air Handling Measures 

10. Install Ventilation Heat Recovery - Buildings designed to hold gatherings or large crowds require 
substantial fresh air supply. Hot air ventilation is typically installed only in buildings constructed 
after 1958. In older buildings the fresh air is delivered via opened windows, doors, or with 
assistance of exhaust fans. When fresh air is not delivered, the space can become uncomfortable 
within less than 30 minutes, depending on space size and number of people occupying the space. 
Such ventilation causes uncontrolled infiltration and thus substantial heat loss. Installation of an air 
make-up unit with a heat recovery system allows controlled ventilation during heavy load in the 
wintertime and, if air conditioning ( A K )  is available, also during the summer. Existing total heat 
recovery systems achieve up to 80% efficiency. 
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Building Type Application 

This measure applies to cultural buildings only. - 

Considerations 

- Economy of the heat recovery installation is strongly dependent on the total number of operating 
hours and typically is applied to systems operating 24 hours a day. 

- Air heat recovery can only be used when it is technically possible to install supply and exhaust 
air ducts close to each other. 

- Application of heat recovery in air handling systems with cooling is typically economical due to 
year-round savings. 

cost 

- Material costs are estimated to be $2.20/m3/hour. 

- Labor time to install the measure is estimated to be 0.04 hours/m3/hour, with a labor cost of 
$0.4 l/m3/hour. 

Availability 

- Good quality heat recovery heat exchangers with efficiency of more than 75% are available only 
from several foreign suppliers. 

1 1. Install Ceiling Fans - Halls accommodating large numbers of people are typically designed with 
excessively high ceilings to provide sufficient air supply. High open spaces cause room 
temperatures to stratify. As a result, the temperature difference between the floor and the ceiling 
may be as high as 10°C, which results in discomfort and space overheating mainly during low and 
medium occupancy load. De-stratification of temperatures in high ceiling spaces is accomplished by 
application of large-diameter, slow-speed ceiling fans. The use of ceiling fans eliminates the air 
temperature stratification and reduces temperature losses caused by overheating. In the cooling 
mode, ceiling fans produce a slight air draft and delay the use of A/C during low cooling demand 
periods. 

Building Type Application 

- This measure applies to cultural buildings only. 
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Considerations 

- In some buildings, such as those with chandeliers or decorative art on the ceiling, the installation 
of ceiling fans may not be desirable. 

. In some spaces with interior decorative walls, it may be difficult to install required electrical 
wiring. 

cost 

- Material costs are estimated to be $163 per fan. 

Labor time to install the measure is estimated to be 3.0 hours per fan, with a labor cost of $40.00 
per fan. 

Availabiliy 

. Certain types of ceiling fans are available locally. Decorative fans are available from foreign 
manufacturers and may have to be imported. 

Domestic Water Heating Measures 

Domestic water heating (DWH) systems in institutional buildings utilize mostly shell-and-tube 
instantaneous heat exchangers located either in the substations or directly in the buildings. Except for 
some small number of newer substations, DWH systems are insufficient, inoperative, or completely lack 
temperature controls. Pipes and heat exchangers are generally poorly insulated or not insulated at all. 
DWH heat exchangers are instantaneous, through-flow types without a hot water storage tank and, as 
such, are designed for maximum flow. During off-peak periods, domestic water is overheated and 
heating water is returned back to the return pipe at much higher temperature, typically mixing with the 
space heating return water. Because the heating water flow is constant, this occurs permanently and 
increases heat loses in the return pipe. And, because the heat supply is not metered, credit for higher 
return temperature cannot be taken by the user. 

Heat exchangers located in the substations require separate DWH piping between the building and 
the substation, resulting in additional losses. In addition, Ukrainian law requires that heat metering for 
space heating and domestic hot water be carried out via a common meter (Cabinet of Ministers of 
Ukraine 1995). This is not possible in systems with hot water heat exchangers located in substations, 
which represent approximately 80% of the institutional building stock. In such cases, it is necessary to 
disconnect the existing DWH connections and install the DWH heat exchanger in each building. 
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12. Install Hot Water Heat Exchanger - The equipment required for the DWH system upgrade is 
composed of a heat exchanger, necessary piping and plumbing components, and a thermostatic 
control. 

Energy savings by this measure are accomplished by introducing the ability to control the required 
domestic water temperature by preventing unnecessary losses in the DWH pipes; by eliminating the 
unnecessary return of hot heating water back to the return line; by insulating the internal pipes; and, 
in some installations, by eliminating losses in the external pipes (between the substation and the 
building). 

Building Type Application 

- This measure is considered for all building types, but is assumed to apply to only 80% of 
buildings, or that fraction which currently operates on a four-pipe system. The measure is 
probably not appropriate for buildings with low hot water demands such as hospital 
administration and cultural buildings. For simplicity, it is applied across all buildings. 

Considerations 

- Utilization of compact, package-type pre-assembled DWH systems is highly recommended, 
because they reduce the number of field-installation-related problems and are more reliable. 

- Installation of water treatment, such as filters and softeners is desirable, 'especially in hospitals 
and schools. This will also increase the life of the system. 

- This measure is considered necessary to comply with Ukrainian regulations. 

costs 

- Material costs associated with retrofit of a domestic water heating system are a function of the 
installed water heater capacity and range from $1 1 to $25 per kW of installed capacity, with 
smaller systems bearing larger per unit costs.(a) 

Labor time to install the measure is estimated to be 50 hours for every 100 kW of installed 
capacity. In monetary terms the labor cost represents an average cost of $7.62 per kW of 
installed capacity. 

(a) Costs are estimated from the cost per unit capacity for heat system retrofits and estimated hot water 
demand. This method may underestimate costs for systems with low demand, for which this 
measure is probably inappropriate. 
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- Periodic inspection and O&M is necessary, and its cost should be included in the operational 
budget of the building owner/occupant. 

Availability 

- Domestic water heating systems and components are available from local sources and from 
several foreign companies having representation (sales offices) in Ukraine. 

13. Install Tank-Type Storage Water Heating System - The equipment required for the DWH system 
upgrade is composed of a heat exchanger, necessary piping and plumbing components, thermostatic 
control, and an appropriately sized domestic water storage tank. The use of a properly insulated 
storage tank will enhance temperature control (prevent overheating) and will also enhance the 
availability of hot water to occupants. 

Energy savings by this measure are accomplished by introducing the ability to control the required 
domestic water temperature by preventing unnecessary losses in the DWH pipes; by eliminating the 
unnecessary return of hot heating water back to the return line; by insulating the internal pipes; and, 
in some installations, by eliminating losses in the external pipes (between the substation and the 
building). Enhanced by a simple timer, the control system is capable of lowering the domestic water 
temperature in the tank during unoccupied periods. 

Building Type Application 

- This measure is considered for all buildings with considerable domestic hot water consumption, 
such as hospitals and schools. It was not considered for administration and cultural buildings, in 
which the volume of water consumption and consequent energy savings would not justify the 
required investment. 

Considerations 

- Installation of the storage tank will require availability of floorspace. 

- Water storage tank cleaning should be done periodically (at least every 5th year). 

- Utilization of compact, package-type pre-assembled DWH systems is highly recommended, 
because they reduce the number of field-instal1ation:related problems and are more reliable. 

- Installation of water treatment, such as filters and softeners is desirable, especially in hospitals 
and schools. This will also increase the life of the system. 

- This measure is usually considered as a substantial capital improvement of the building and 
bears a relatively high cost. 
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costs 

- Material costs associated with retrofit of a domestic water heating system are a function of the 
installed water heater capacity and range from $24 to $32 per kW of installed capacity, smaller 
systems bearing larger per unit costs. 

- Labor time to install the measure is estimated to be 62 hours for every 100 kW of installed 
capacity. In monetary terms the labor cost represents an average cost of $9.45 per kW of 
installed capacity. 

- Periodic inspection and O&M is necessary and its cost should be included in the operational 
budget of the building owner/occupant. 

Availability 

- Domestic water heating systems and components are available from local sources and also from 
several foreign companies having representation (sales offices) in Ukraine. 

14. Install Low-Flow Showerheads - Low-flow showerheads available on the market can reduce the 
required water flow through the shower by 40 to 50% without sacrificing user comfort. These 
showerheads create the same “massaging” effect as high-flow models. Showerheads are easy to 
install and do not require plumbing changes. 

Building Type Application 

- Showerhead installation is assumed in hospitals having in-patient facilities. Polyclinics, schools, 
kindergartens, and offices are assumed to have insufficient hot water use in shower facilities to 
substantially influence the hot water consumption. 

Considerations 

- Installation of showerheads requires that the existing pipe connections be in reasonable 
condition. 

- Savings from low-flow showerheads are dependent on reducing average flow rates of showers. 
The effectiveness of this ECO is often overestimated because of overestimates of existing 
showerhead flow rates. 

costs 

- Material costs are estimated to be $7.69 per showerhead. 
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- Labor time to install the measure is estimated to be 0.25 hours, with a labor cost of $2.64 per 
showerhead. 

Availability 

- Showerheads are locally available from outlets of foreign suppliers, and could be a source of 
domestic manufacture. 

15. Install Aerators in Faucets - Aerators reduce the flow of water in bathrooms and utility room 
faucets for bathing, dish washing, etc. Installing aerators is simple and inexpensive and can be done 
by the occupant or as a maintenance procedure. The water consumption can be reduced by up to 30 
to 50% of the faucet flow for a “running water” usage. 

Building Type Application 

- This measure is assumed to be applicable in hospitals, schools, and residential buildings. In 
other building types water usage is not considered large enough to result in significant energy 
savings. 

Considerations 

- Aerators are effective only when a “running water” usage is assumed. For faucets used to f i l l  
containers or tubs, aerators should not be used as they do not reduce energy use and increase the 
filling time in such cases. Also, some faucets may not be amenable to adding an aerator. 

costs 

- Material costs are estimated to be $3 per aerator. 

- Labor time to install the measure is estimated to be 0.15 hours, with a labor cost of $1.59 per 
aerator. 

A vailability 

- This material is available from local sources. Some good quality models can also be obtained 
from local outlets of foreign suppliers and could be a source of domestic manufacture. 

16. Install Hot Water Meters - Metering does not itself directly impact hot water use. Instead, it 
provides building occupants with an incentive to reduce hot water consumption and thus leads to 
reductions in hot water use. In institutional buildings, heat consumption for hot water would be 
measured at a single point of heat supply because heat costs are paid at the building level. For 
residential buildings, unlike heat metering, which is difficult to implement because of the one-pipe 
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heating systems, hot water metering would be relatively straight forward, by installing meters at the 
single point of supply to each apartment. Studies have shown that hot water metering can have a 
dramatic impact on hot water use. Not only are hot water costs a significant portion of energy costs 
for a typical family in Kyiv (more than $9 per month according to IEA [ 1996]), hot-water-related 
energy use for residential customers is also a large component of total heat consumption in Kyiv. 

Building Type Application 

- This measure is applicable in residential buildings. . 
Considerations 

- Metering imposes an additional burden of reading meters and billing. While these costs are 
expected to be passed on to the consumers, no attempt is made to quantify them here. 

costs 

- Meter costs are estimated to be $95 per meter 

- Labor time to install the measure is estimated to be 3 hours, with a labor cost of $40.00 per 
meter. 

Availability 

- This material is available from local sources. 

17. Insulate Hot Water Pipes in Unheated Spaces - Hot water pipes are generally insulated from the 
point of heating to the bottom of riser shafts, but not in the unheated shafts themselves (Ekono 
Energy 1996). In addition, old insulation may be insufficient, damaged, or otherwise not functional. 
Additional new insulation and/or repair of damaged parts of insulation lowers the hot water heat 
losses. Insulation in heated spaces is not considered economical, since the heat is “utilized” for 
space heating during the heating season. 

Building Type Application 

- 

Considerations 

All buildings are considered for this measure. 

- If existing pipe insulation contains asbestos fibers, the disturbance of the old insulation may 
create hazardous conditions and require additional measures to control and dispose of the 
asbestos. Asbestos is not known to be used for building insulation in Ukraine, however. 
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- Good insulation decreases heat loss, which helps maintain the water temperature and reduces the 
recirculation pump capacity. 

costs 

- Material costs are'estimated to be $3.30/m. 

- Labor time to install the measure is estimated to be 0.2 hourdm with a labor cost of $2.72/m. 

Availability 

- Insulation materials based on mineral wool, closed cell foams, or fiberglass are readily available. 

Heating System Measures 

An important characteristic of heating systems found in most institutional (and residential) buildings 
in Ukraine is the single-pipe design, either with or without bypasses on the radiators. Without costly 
plumbing changes, this design does not allow zoning or control of the heating by a single zone valve for 
a building section. Heat metering for individual apartments in residential buildings is also difficult for 
the same reason. Multiple zone valves on each segment and multiple heat allocation devices would have 
to be used to meter the occupants' heat consumption. 

Except for a small number of large buildings with more than 10 stories and some other important 
buildings, virtually all buildings in the city of Kyiv supplied by the district heating system utilize hydro- 
elevators (venturi nozzles) for circulation of heating water inside the buildings. Buildings greater than 
10 stories use a heat exchanger and circulation pump system. In a hydroelevator system, the temperature 
of the circulating water in the building heating system is reduced in the hydroelevator by mixing with 
return water. Such building heating systems directly circulate the district heating water and require (and 
assume) constant pressure in the district heating system pipes. Control of hydroelevator systems is very 
difficult; however, most of the systems were designed without controls, and the mixing ratio is driven 
only by the system pressure. At high-supply water temperatures, buildings will be overheated, and 
during low-supply temperature (which is currently the case) the relatively low-supply water temperature 
(65 to 75°C) is uncontrollably mixed with the return water, which reduces the water temperature entering 
the building system to almost unusable temperature levels of 40 to 45°C. 

Hydroelevator systems are quite outdated and are very inefficient. Without the ability to control 
building temperature, virtually no energy efficiency improvements could be effective (produce savings) 
without implementing a building heating control system upgrade. Based on available options, it is 
apparent that the building control system upgrade will require the installation of substations with water- 
to-water heat exchangers, and all necessary plumbing such as pipes, control and shutoff valves, liquid 
filters, circulating pumps, etc. In other words, to be able to improve energy efficiency of buildings, the 
hydroelevator system in each building must be replaced by a heat-exchanger-based substation. It is 
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important to understand that even weatherization of a building envelope (e.g., by insulating the walls) 
will not produce savings without control of heat input to the space. Lack of such controls will result in 
space overheating, which leads to the use of windows to control temperatures. 

The substation controller retrofit includes the substation with outdoor temperature reset control, 
equalizing (balancing) valves for the heat system branches throughout the building, and a control system 
utilizing occupiedhnoccupied period setback when applicable. 

The energy conservation effort must, in general, include two parts: the party responsible for energy 
bills must I )  be able to control the energy consumption and 2) must have an incentive to actually save 
energy. Installing temperature controls alone would likely not produce sufficient and sustainable energy 
savings as the occupants would not be rewarded for efforts to save energy. Therefore, metering energy 
consumption is very important, and energy meters must be installed for each user and are assumed to be 
part of every energy conservation measure considered in this study. Some Eastern European countries, 
such as the Czech and Slovak Republics, mandated metering by legislative order supported by financial 
incentives for metered consumption (leading to temporarily better rates). 

Ukraine's building code requires all new buildings be equipped with a heat metering device (Cabinet 
of Ministers of Ukraine 1995). In addition, the Decree ratified a program for installing heat and water 
meters in existing residential buildings within the period of 1996 to 2000. The implementation process is 
coordinated by the State Committee on Housing and Communal Services, and regional state 
administrations are responsible for the implementation. 

' 

The main objective of the metering program is to minimize demand on energy resources by reducing 
heat and water consumption. For the existing building stock, in the first stage, building-level metering is 
to be introduced in high-rise (5-story and more) buildings and then in low-rise buildings. In the second 
stage, apartment-level metering will be introduced. 

Installation of meters is to be financed from the special-purpose funds created by regional 
administrations. The program is oriented mainly to domestically manufactured meters and temperature 
controls. New production facilities are to be created for equipment not currently available in Ukraine. 

18. Install Building Heat Meters - As described above, building heat meters are considered an integral 
part of the energy-efficiency retrofits in all buildings. Building heat meters, because they allow for 
payment based on actual service, not calculated service, provide an incentive for building occupants 
to minimize heat consumption. This can have a substantial impact on the operations and 
maintenance of energy savings measures. It also allows for the verification of energy savings. . 

Building Type Application 

- This measure is included for all buildings. 
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Considerations 

- Metered service results in additional meter reading and billing requirements. Though it is 
assumed that these costs will be passed on to the consumer, no attempt is made to quantify them 
here. 

costs 

- Material costs are estimated to be $2,800 per meter. 

- Labor time to install the measure is.estimated to be 12 hours per meter, with a labor cost of $160 
per meter. 

Availability 

- High-quality meters are available from local sales outlets of foreign suppliers and from local 
manufacturers. 

19. Retrofit Heating System - Considering the existing design and poor condition of the building 
heating systems, the overall retrofit of the heating substations in institutional buildings was deemed 
to be the most appropriate. The retrofit assumes the replacement of the existing hydroelevator-based 
systems with new, heat-exchanger-based substations; installation of balancing valves and proper 
balancing of individual loops (risers); and utilization of outdoor temperature reset controls with 
unoccupied setback (night, weekends). Balancing valves installed on each riser will allow more 
accurate distribution of heat throughout the building sections. 

Energy savings by this measure are accomplished by the ability to control the required heat input to 
the building during the occupied and unoccupied periods, and to provide sufficient heat to difficult- 
to-heat spaces (such as building corner rooms) without severely overheating the building core space. 

Building Type Application 

- This measure is considered for all buildings currently equipped with hydroelevator-type heating 
systems without temperature control and without proper heating system balancing. In some 
buildings, such as inpatient hospital facilities, unoccupied setback cannot be utilized due to 
permanent occupation of the space. 

Considerations 

- This measure does not provide for temperature control in individual zones/rooms. 

- Balancing should be done periodically (at least every 5th year). 
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Utilization of compact, package type pre-assembled heat substations is recommended, because 
they are highly reliable and reduce the number of field-installation-related problems. 

A building-side pipe cleaning procedure prior to installation of the new substation is necessary. 
Failure to clean the pipes may result in severe operational problems. 

This measure is usually considered a substantial capital improvement of the building and bears a 
substantial cost. 

- Installation of heat exchangers in a large portion of buildings on a single district heating loop 
may change operating conditions in other buildings on the loop that continue to use a 
hydroelevator system. If the system is not adjusted to account for these changes, overheating of 
the buildings with hydroelevators may occur. In such cases, it may be necessary to balance the 
district heating loop. 

costs 

’ Material costs associated with retrofit of substations are a function of the installed substation 
capacity and range from $1 1 to $25 per kW of installed capacity, with smaller substations 
bearing larger unit costs. 

- Labor time to install the measure is estimated to be 50 hours for every 100 kW of installed 
capacity (including the labor time for installation of balancing valves). In monetary terms the 
labor cost represents an average of $7.62 per kW of installed capacity. 

- Substation seasonal inspection and O&M is necessary, and its cost should be included in the 
operational budget of a building owner/occupant. 

Availability 

- Packaged substations including all components are available from several western European 
companies having representation (sales offices) in Ukraine. The heating system retrofit assumes 
that field installation of individual components will utilize a majority of domestic parts and 
import items not individually available domestically (controls). Riser balancing valves are 
available domestically or from local sales outlets of major companies. 

20. Install Radiator Balancing Valves - Temperature control is assumed to be provided by the outdoor 
temperature reset in the substation. Balancing valves installed on each radiator will allow more 
accurate distribution of heat throughout the building. This measure does not allow for temperature 
control; however, it can be used for permanent (or long-term) reduction of heat output by individual 
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radiators. Energy savings are accomplished by the ability to provide sufficient heat to 
difficult-to-heat spaces (such as building corner rooms) and thus the ability to reduce unnecessary 
heat supply to the building core space. 

Building Type Application 

- This measure is considered for all buildings without proper heating system balancing, mainly in 
combination with temperature control systems. As a stand-alone measure, it is considered for 
buildings with permanent occupation, such as hospitals, where unoccupied setback cannot be 
uti lized . 

Considerations 

- This measure does not provide for temperature control. 

- Balancing should be done periodically (at least every 5th year). 

- This measure is usually combined with temperature control installation. 

costs 

- Material costs are estimated to be $14.25 per valve. 

- Labor time to install the measure is estimated to be 1 .O hour for radiators not requiring a bypass 
and 1.5 hours for radiators requiring a bypass, for total labor costs of $13.34 and $20.00 per 
valve, respectively. 

Availability 

- Radiator balancing valves are available domestically or from local sales outlets of major 
companies. 

3.1.2 Efficiency Measures Not Considered 

A number of ECOs identified (26) were not considered for further evaluation because they did not 
offer an adequate level of efficiency improvement potential, they could only be addressed through a 
more focused data collection effort beyond the scope of this effort, they would address only a small part 
of the building stock, and/or they were applicable to the energy supply side. Applicable ECOs that were 
not considered are presented in this subsection by ECO category. 
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Building Envelope 

1 .  Revolving or Double Door in Building Vestibule. Installation of revolving doors was not considered 
because most of the buildings either already have a second door or the installation is impractical or 
costly. 

2. Triple Pane Windows. This measure was not considered due to its high cost. Windows are typically 
replaced as part of overall reconstruction of a building where the replacement is not based on 
investment payback from the energy savings. 

3. Storm Doors. Storm doors are not practical on high-traffic entrance doors of institutional buildings. 

4. Add Internal Insulation in Walls. This measure is expensive to implement, affects the appearance of 
the interior, and imposes a considerable burden on the occupant. Also it may potentially cause 
structural damage to the wall material. If installed improperly, with air access between the wall and 
the insulation, it may cause condensation and fungus growth. 

5 .  Insulate Exterior Walls of Historical Buildings and Buildings with Complex Exterior Appearance. 
This was rejected as unacceptable for the historic buildings and too expensive for the other building 
groups. 

6 .  Insulate Building Exterior Walls Having Windows. This was considered too expensive to do in a 
manner that would be acceptable from an appearance standpoint. Installation of insulation on walls 
with many windows has proved not to be cost-effective 

7 .  Insulate Internal Walls Between Heated and Unheated Spaces (stairways). This was not considered 
to provide sufficient efficiency improvement and would have required additional data collection and 
analysis to evaluate. 

8. Insulate Basement Perimeter Above the Ground. This was not considered to provide sufficient 
efficiency improvement and would have required additional data collection and analysis to evaluate. 

9. Repair Leaking Roo> and Gutters. Leaks in roofs and gutters cause wet roof and wall insulation to 
become ineffective. This was not considered to be a common measure and would have required 
additional data collection and analysis to evaluate. Also, such a measure is considered to be a 
necessary building maintenance issue. 
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Heating System 

1. 

2. 

3. 

4. 

5 .  

6 .  

7. 

8. 

9. 

Re- Work Building Heating System Plumbing. Re-designing and re-working the building heating 
system from a single, not-zoned system to allow a single control and energy consumption 
measurement point for each occupant (tenant of an office building, or hospital budget center) was not 
considered cost-effective. 

Replace or Improve Existing Gas or Room Heaters. This was not considered to be a common 
measure. Room heaters are mostly being used to supplement the main heating system during heat 
shortages. Because room heaters are primarily electric, and because electricity use is metered, 
building occupants have a disincentive to use them when the heat supply is adequate. 

Insulate Boilers and Water Heaters to Reduce Standby Losses. This measure is not applicable due to 
a very low fraction of local boilers and water heaters. Insulation of domestic water heater tanks in 
substations is considered a supply-side measure. 

Switch Fuel. This supply-related measure was beyond the scope of this analysis. 

Replace Circulating Pumps and Temperature and Flow Control Components with High-Performance 
Parts. Replacement of standard motors (pumps, blowers, etc.) by high-efficiency units does not 
produce sufficient monetary savings and produces a long payback period. Pumps and other motors 
are typically replaced for other than energy saving reasons, such as failure, need to increase capacity, 
etc. 

Insulate Conduits Between Boiler or Heat Exchanger and Building. This measure is related to the 
supply side of the energy system and insufficient data exist to effectively evaluate it. 

Use Heat Pumps for Space and Water Heating. High-performance heat pumps are not available 
locally, and foreign made heat pumps are too expensive to produce a reasonable payback period. 
The Ukraine climate would require a ground-source heat pump for efficient operation during the 
winter. Additional data collection and analysis of heat pump performance characteristics would have 
to be performed for local climatic conditions. 

Use of Thermal Storage. Thermal storage is a load-shifting measure, not an energy-saving measure, 
and therefore was not considered. 

Implement Nonconventional Energy Sources, Such as Solar, Geothermal, Waste Heat From Local 
Industry, etc. This was not considered to be a common measure and was assumed to be of an 
experimental nature, requiring longer-term data collection and analysis for local climatic conditions. 
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10. Improve Maintenance (cleaning;) of Heat Sources, Such as Local Boilers, Room Heaters, etc. This 
would have required additional data collection and analysis to evaluate. 

1 1  

1.  

2. 

Outdoor Temperature Reset Control System for the Substations Serving Multiple Buildings. This 
was considered to be a supply-side measure, which will be included in the supply-side analysis and 
implementation. 

Ventilation and Heat Recovery 

Install Indoor Air Quality Ventilation/Heat Recovery Units. High-efficiency heat recovery ventila- 
tion units in rooms or building sections would introduce the required quantity of fresh air. Unless 
the use of ventilation systems is mandated by minimum air quality standards (such as ventilation 
standards for surgery rooms), this measure may actually increase energy consumption. 

Install Combustion Air Preheating for Local Heaters. This supply-related measure was beyond the 
scope of this analysis. 

3. Install Heat Recovery Vent System in Basements, Although this measure typically produces good 
savings in the residential sector, it was deemed not to be economical in institutional buildings, where 
basements are not used for storage and do not require ventilation. 

4 .  Install Waste Water Heat Recovery Heat Exchanger. Application of heat recovery in the waste water 
system requires certain hot water usage patterns and quantities. Except for a small portion of 
hospital buildings with inpatients facilities, this measure would not be economical and was not 
recommended. 

Domestic Water Heating 

1. Insulate Hot Water Pipes in Conditioned Space. This was not considered to be a cost-effective 
measure. Heat lost from the hot water pipes is utilized for space heating and, from an energy 
conservation view, insulation of such pipes in heated space would not produce savings. Also, most 
of the hot water pipes are reasonably insulated. 

2. Lower Domestic Hot Water Temperatures. Domestic water temperature is maintained at 5 5 O C ,  and 
lowering the temperature may introduce a health hazard. Also, lowering the temperature of the water 
could, in some cases, cause a hot water capacity shortage.. 
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3.1.3 Summary of Efficiency Measures Considered 

Table 3.1 summarizes the 20 efficiency measures considered by installed cost per unit. 

Table 3.1. Efficiency Measures Considered and Installed Cost Per Unit 

Efficiency Measure 
luilding Envelope 
Exterior Side Walls 
Roof Insulation 
Attic Insulation 
Basement Floor Insulation 
Weatherstripping 
Storm Windows 
High-performance Glass 
Third Window Pane 
Radiator Reflectors 
Lir Handling 
Ceiling Fans 
Ventilation Heat Recovery 
bomestic Water Heating 
Hot Water Heat Exchanger (weighted average) 
Storage Water Heater 
Low-Flow Showerheads 
Faucet Aerators 
Hot Water Meters 
Insulate Pipes 
Ieating System 
Building Heat Meters 
Retrofit Heating System (weighted average) 
Radiator Balancing Valves 

Unit 

m2 
m2 
m2 
m2 
m 

each 
m2 
m2 

each 

per fan 
m3/hr 

bldg. 
bldg. 
each 
each 
each 

m 

each 
bldg. 
each 

Cost ($)/Unit 

25.17 
27.94 
11.38 
7.59 
1.96 
I27 

43.17 
30.68 
9.07 

203 
2.60 

2,190 
3,147 
10.32 
4.58 
135 

6.02 

2,960 
9,018 
27.58 

Different combinations of measures were installed depending on the performance of the measures in 
each building type. These combinations are discussed further in Section 3.3. Appendix C provides 
additional detail on the installed cost of the measures by building type. 

3.2 Analysis Approach 

The focus of the analysis was on the institutional buildings sector, so greater attention and more 
detailed analysis underlies the institutional sector estimates. Two subsections (3.2.1 and 3.2.2) describe 
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the technical and economic analysis methods, respectively. Differences in the analysis approach for the 
institutional and residential sectors are noted in these two sections. 

3.2.1 Technical Analysis Method 

The technical analysis was based on the simulation of efficiency measure performance in prototype 
buildings chosen to reflect the mix of buildings found in Kyiv. The prototype building designs were 
developed based on site visits to buildings in Kyiv. A total of 33 prototypes were developed to model 
the Kyiv building stock. These prototypes are described in more detail in Appendix C. 

Because the prototype buildings do not necessarily match the size of the average buildings in Kyiv 
for which they are used, all building level estimates are scaled to the average building area, by building 
category. The purpose of this scaling is two-fold: to allow for the estimation of per building costs and 
savings for average buildings in Kyiv, and to ensure that costs per building for measures, such as heat 
meters, accurately reflect the requirement that one heat meter be installed in each building. 

Data presented on a per-building basis are consistent with per-unit floorspace estimates and total 
floorspace by building type. It should be noted, however, that there is not a one-to-one correspondence 
of building types to building prototypes. Hence, detailed level estimates, such as cost by ECO and 
building type, will not correspond exactly to the full set of building types (e.g., see Tables C.4 and E.l). 

The analysis methodology, by measure type, is described below. 

Analysis of Building Envelope Measures 

The ASEAMS (A Simplified Energy Analysis Method, Version 5) computer program was used in 
this analysis to model heat losses in buildings based on procedures recommended by the American 
Society for Heating, Refrigeration, and Air Conditioning Engineers (ASHRAE). The program calculates 
the peak building energy demands and annual energy consumption based on weather conditions in a 
given location. This computer program utilizes a bin-type TMY (typical meteorological year) weather 
file created from hourly weather data collected over a long period. The output reports include effects of 
other factors on building heat loads, such as occupancy schedule, lighting, appliance usage, insulation, 
etc., which helps determine the most effective energy conservation measure for each building type. 

Baseline and post-measure installation heat and hot water energy consumption were calculated for 
each measure and each building type, the difference being the efficiency improvement. The develop- 
ment of the baseline building heating loads for each institutional building type required making several 
assumptions. The most important assumptions were infiltration rates, internal temperatures in different 
locations, and occupancy and equipment schedules. These assumptions were based on recommended 
values, previous experience, and information gathered during the energy audit of the representative 
buildings for each group. 
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In the modeling of each ECO, only the pertinent value describing the given ECO was changed in the 
model. Insulation of walls, ceilings, and floors was modeled by lowering U-values. Weatherstripping 
was modeled by lowering the infiltration rate. Modeling of triple-pane and storm windows was accom- 
plished by lowering U-values. 

Analysis of Water Heating Measures 

Efficiency improvement calculations for low-flow showerheads and faucet aerators were based on 
statistical information regarding the use of hot water in Ukraine, statistical information on hot water use 
by purpose (dishwashing, shower, laundry, etc.), and manufacturers’ performance information. Calcula- 
tion of efficiency improvements obtainable by insulating the hot water pipes in unconditioned spaces is 
based on lowering heat losses through additional pipe insulation with improved R-value or replacement 
of existing insulation with high-performance materials. Because of the limited nature of this effort, exact 
length and sizes of pipes could not be determined, but rather were estimated for each building group 
based on typical plumbing designs. 

Analysis of Building Heating System 

All ECOs in this category provide improved energy management in the building and assume that 
outdoor temperature reset control is installed in each substation of the central district heating system. 

Installation of temperature control devices in conjunction with installation of energy consumption 
metering provides building occupants/owners with an incentive to reduce energy consumption. The use 
of a programmable thermostat also improves the use of setback during unoccupied periods. The 
combination of better energy management and distribution within the building and the ability of 
motivated occupants to lower energy consumption results in two effects: 

0 Room temperature is kept at the lowest possible acceptable (comfortable) level. 

0 Windows are opened only to maintain acceptable indoor air quality and not for temperature control. 

The computerized calculations used for the building heating system efficiency improvements were 
also derived from procedures recommended by ASHRAE. For each measure, the baseline and post- 
measure installation heat loss were both calculated. The difference between the two heat loss values is 
the energy-use reduction. For each ECO analyzed, the temperatures and infiltration rates were estimated 
based on performance of the proposed equipment and expected occupant behavior. In general, more 
accurate equipment and motivated occupants will produce lower temperatures and lower infiltration 
rates. The temperatures were not assumed to drop below accepted comfort limits. 
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Analysis of Ventilation Heat Recovery Measures 

Although none of the ventilation energy-efficiency measures were considered for application, eval- 
uation of several measures was performed. The energy saving calculations developed for the heat 
recovery applications were again derived from procedures recommended by ASHRAE. Inputs to the 
calculations include properties and mass flow of media from which the waste heat is recovered and 
manufacturers’ performance characteristics for the heat recovery equipment. 

3.2.2 Economic Analysis Method 

This section provides a discussion of the economic analysis metrics, the economic assumptions, and 
the approach employed to assess the economic performance of the efficiency measures. 

Analysis Metrics 

The ECOs described in the previous section were analyzed using a number of economic methods or 
“metrics” to evaluate the attractiveness of each option. A number of economic metrics commonly used to 
evaluate measure performance are simple payback, present and net present value (NPV), and internal rate 
of return (IRR). These metrics are described below. 

Simple Payback. The most basic economic analysis metric is the simple payback period, which in 
its simplest form is calculated by dividing the installed cost of the ECO by the value of the annual energy 
savings. The simple payback period is the number of years required for the savings resulting from an 
investment in energy efficiency to offset the cost of the investment. The lower the payback period, the 
more attractive the investment. 

In many analysis situations, this metric is too simplistic to be of much use. ECOs with future costs 
may be overvalued if these costs are not accounted for. Escalating fuel prices will also undervalue an 
ECO. Simple payback does not enable ready comparison for measures having different useful lifetimes. 
This method also does not account for the time value of money and may not be readily comparable with 
other investments using more sophisticated measures of value. Despite the many shortcomings of this 
method, it is frequently used along with first cost to evaluate the attractiveness of measures. 

Present and Net Present Value. A Hryvna today is worth more than a Hryvna tomorrow for two 
principal reasons: general price inflation and the time value of money. Based on general price inflation, 
the purchasing power of a Hryvna declines over time, and because the true value of money lies in what it 
is capable of purchasing, inflation causes its value to decline. The time value of money refers to the fact 
that even in the absence of general price inflation, money received sooner is preferred to money received 
later. 
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It is this preference for consuming sooner rather than later that leads to the existence of positive rates 
of interest, even in the absence of price-level inflation. Individuals and firms are willing to pay a 
premium to obtain goods and services sooner rather than later, and the premium they are willing to pay is 
the “real rate of interest.” The market or “nominal” rate of interest is the real rate plus the rate of 
inflation (this is a slight simplification). As an example, 100 Hryvna received 2 years from today is 
worth 82.64 Hryvna today, assuming a 10% nominal rate of interest. Conversely, 82.64 Hryvna invested 
today at a 10% per annum annual nominal rate of interest yields 100 Hryvna 2 years later. 

The costs and benefits of an efficiency investment occur at different periods in time, which must be 
accounted for in the analysis. A metric for reflecting this fact is net present value, where the present 
value of all the costs of an ECO is compared to the present value of all the benefits of the ECO. The 
difference between the two, NPV, is a measure of the cost-effectiveness of an ECO. A negative NPV 
means the costs of an ECO outweigh its benefits, while a positive NPV means that the benefits are 
greater than the costs. The higher the NPV, the better. The formula for calculating the NPV is: 

N 
N P V = C  - R, - c  

t = I  (1 +d)‘ 

where: t = year 
R = annual return 
d = discount rate 
C = capital outlay 

Internal Rate of Return. The IRR is the interest rate that equates the present value of the expected 
future cash flows or receipts to the initial capital outlay. The formula for calculating the IRR is: 

IRR = r such that: 

where: t = year 
R = annual return 
r = interest rate 

C = capital outlay 

The difference between the NPV and IRR is the discount rate (d) and interest rate (r). In the case of IRR, 
the formula is solved for the interest rate (r) where the benefits minus the costs equals zero. The IRR is 
often used to screen and rank alternative investments-in general, the higher the IRR, the better. In the 
case of this analysis, an IRR of 20% or greater is deemed acceptable before accounting for risks, and the 
minimum acceptable IRR after risks is the discount rate of 10%. 
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In this analysis the IRR is computed only for those ECOs where a conventional cash flow stream 
exists and where the NPV is positive. Other cases may lead to multiple solutions or no solution. 
Conventional cash flow is the net cash flow stream, which begins with a disbursement of funds followed 
by a stream of savings. 

Economic Assumptions. Two types of economic analysis methods typically used are nominal and 
real. The main difference between the two is the presence or absence of inflation, respectively. In a 
nominal analysis, the value of energy savings in 1997 is expressed in 1997 Hryvna, the value of energy 
savings in 1998 is expressed in 1998 Hryvna, and so on. The nominal value of the energy savings 
continues’to increase because of inflation and the general level of prices. A real analysis expresses all 
money values in constant terms by removing the effects of inflation. In the case of this analysis, all 
values are expressed in 1996 currency values. 

The implication of using a real analysis is the need to calculate a real discount rate to reflect the time 
value of money, which is the “real” interest rate after the effects of inflation have been removed. For the 
purposes of this analysis, a simplification is used whereby the discount rate is calculated as the nominal 
interest rate minus the expected rate of inflation. 

Basic economic assumptions are provided below. 

0 nominal discount rate - 16% 

inflation rate - 6% 

0 real discount rate - 10% 

0 analysis period - 15 years. 

3.3 Efficiency Potential Assessment 

This section provides the energy and economic assessment of the 20 energy efficiency measures 
(described in Section 3.1.1) considered for the analysis. The method employed to assess the efficiency 
potential for the institutional sector consisted of three steps: 

1. 

2. 

3. 

Screen the individual measures by simple payback; measures having a simple payback of less than 
5 years were retained for additional analysis. 

Combine the measures to identify interactive effects to avoid double counting the efficiency potential 
and to deselect measures that reduced the payback of selected bundles for individual building types. 

Evaluate the measure bundles and applicable individual measures for each building type to estimate 
efficiency potential. 
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The residential sector efficiency potential was based on a combination of previous assessments 
conducted in the Czech Republic (PNNL 1996), the Slovak Republic (PNL 1995), and in Russia (World 
Bank 1996). Residential sector prototypes constructed for an analysis in the Czech Republic were 
simulated using Kyiv weather data. The quantities of material for the residential building types were 
drawn from an analysis of residential sector efficiency potential in Russia. Cost data were specific to 
Ukraine and consistent with cost data used for the institutional sector assessment. 

3.3.1 Institutional Sector Efficiency Potential 

The following group of four space-heating measures having an interactive effect were selected for 
application: 

0 windows and door weatherstripping 

0 reflectors behind radiators 

0 ceiling fans 

0 substation-level controls. 

Depending on building type, a subset of these items was selected based upon their combined 
performance. 

The following three measures, which did not exhibit interactive effects, were also selected for 
application depending on their performance: 

0 hot water heat exchangers 

low-flow showerheads 

0 aerators on faucets. 

In all cases building heat meters are included. 

Table 3.2 shows the cost-effective institutional sector efficiency potential by building type. 
Additional detail is contained in Appendix D. 
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Table 3.2. Institutional Sector Efficiency Potential 

Building Type 

Baseline Efficiency 
Energy Use Potential 

(thousand Gcal) (thousand Gcal) 

Efficiency 
Improvement 

("/I 
25.8 
27.2 
26.2 
26.2 
27.4 
26.5 
22.0 
28.7 
19.6 
26.2 

IlAdministration I 16 I 4 

IRR 
("/I 
27.8 
24.4 
16.4 
31.7 
29.1 
31.6 
25.4 
26.8 
12.9 
29.2 

Hospitals 
Polyclinics 

157 40 
59 16 

3.3.2 Residential Sector 

Kindergartens 
Schools 
Higher Education 
Hostels 
Theaters 
Art Galleries/Museums 
Total 

The assessment of building efficiency potential for the residential sector was based on previous 
analyses conducted for the Czech Republic (PNNL 1996) and for Russia (World Bank 1996), and was 
modified to account for differences in the size mix of the housing stock and differences in the thermal 
performance of residential buildings in Kyiv. Retrofit equipment cost data were taken primarily from the 
Russia study with modifications made in some cases based on data from the Czech study or from 
information developed specifically for the institutional buildings assessment in Kyiv. The following 
measures were selected for application: 

329 86 
470 129 
240 64 
154 34 

I O  3 
12 2 

1,446 378 

0 reflectors behind each radiator 

0 low-flow showerheads 

0 faucet aerators 

0 hot water flow meter in each apartment 

0 building-level heat meters 

0 substation-level temperature controllers. 
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The efficiency improvement attributed to this package of measures is presented in Table 3.3. 

Table 3.3. Residential Sector Efficiency Potential 

Building Type 
2-storv 

Internal 
Percentage Rate of 

Baseline Energy Use Efficiency Potential of Baseline Return 
(thousand Gcal/year) (thousand GcaVyear) ("/.I (%.) 

2.569 45 1 17.6 23.4 
5-StOV 

14-stOv 
Total 

9-story 

3.4 Sensitivity Analysis 

3,545 873 24.6 26.4 

2,026 645 31.9 41.6 
11,685 3,039 26.0 32.4 

3,545 1,070 30.2 35.7 

The sensitivity of the economic analysis to any particular input variable can be assessed by holding 
all other exogenous variables constant while the variable of interest is changed. In this fashion, the value 
of any particular variable at which the investment becomes unattractive (Le., the IRR becomes less than 
10%) can be determined. This value is referred to as the switching value. 

Type Energy Savings (%) Installed Costs (%) 
Hospitals 40 240 

Hospital Admin. 70 160 
Kindergartens 35 280 
Schools 40 260 
Higher Education 35 280 
Hostels 45 220 
Theaters 45 240 
Art Galleries/Museums 80 120 

Polyclinics 45 220 

~ 

The switching analysis was carried out with respect to two variables: energy savings and efficiency 
measure installed costs. The switching values, expressed as the percentage of the energy savings below 
the estimated value, or as the percentage of installed costs above the estimated value, for which IRR 
becomes less than IO%, are presented in Tables 3.4 and 3.5 for the institutional and residential building 
sectors. 

Table 3.4. Internal Rate of Return Switching Value for Energy Savings 
and Installed Costs - Institutional Buildings 
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Table 3.5. Internal Rate of Return Switching Value for Energy Savings 
and Installed Costs - Residential Buildings 

2-story 
5-StOry 
9-StOry 
14-story 

Type I Enerw Savings (YO) I Installed Costs (%) 11 
50 200 
45 220 
30 300 
25 360 

In the case of hospitals, the energy savings would have to fall to 40% of the estimated value for the 
IRR to drop below 10% (Le., the energy savings would have to be 10.3% instead of 25.8% of baseline 
energy use), or the installed cost would have to increase by 240%. The institutional building types most 
sensitive to realized efficiency improvements or installed costs of efficiency measures are cultural 
buildings and hospital administration buildings. In the residential sector, the sensitivity to efficiency 
improved and the installed cost of the measures decreases as the building height increases. 

3.5 Investment Requirements 

This section discusses investment requirements for efficiency resources described in Section 3.3. 

Investment levels are expressed both in terms of investment per building and investment per square 
meter of floorspace. The per-square-meter estimates are multiplied by the building stock estimates to 
provide an overall sector investment requirement. These values should be taken as an upper bound, as 
they are based on the assumption of 100% penetration of the efficiency measure packages into the 
building stock. In reality, not all existing buildings would be susceptible to retrofit. 

The investment requirements for the institutional and residential building sectors are presented in 
Tables 3.6 and 3.7. Efficiency measure cost estimates are presented in Section 3.1. Other assumptions 
used in developing the investment requirements are presented in detail in Appendix E. 
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Table 3.6. Investment Requirements for the Institutional Buildings Sector 

Table 3.7. Investment Requirements for the Residential Building Sector 

Investment Requirements ($) 
Building Type Per Building Per m2 Total (millions $) 

2-story 6,044 13.49 64.9 
5-StOry 32,626 4.08 68.7 

I 4-StOry 35,102 4.08 39.2 
Total or Average 3 1,939 5.92 284.6 

9 - S t O T  36,844 6.64 1 1  1.8 

In the institutional buildings sector, the per square meter costs range from a low of $3.47 for 
primary/secondary schools to a high of about $6.08 for houses of culture. The single largest category for 
investment potential is schools at $9.7 million, followed by kindergartens at $7.1 million. The potential 
investment level for residential buildings is nearly $300 million compared to $3 1.1 million for the 
institutional buildings considered in this analysis. 

, 
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4.0 Impacts Assessment 

The buildings efficiency improvement program will have potential additional impacts, primarily in 
two categories: economic and environmental. These include impacts on employment, energy security, 
air pollutant emissions levels, worker health and safety during building renovation activities, and indoor 
air quality as a result of building renovations. In addition to the environmental aspects mentioned above, 
World Bank policies prohibit investment in sites with contaminated ground soil. In this chapter these 
issues are addressed with respect to the current situation in Kyiv. Existing environmental regulations 
pertaining to Kyiv, as well as World Bank operational directives, are reviewed. 

4.1 Economic Impacts 

The potential economic impacts are substantial for buildings efficiency programs in Kyiv and 
Ukraine. The estimated economic and employment impacts are presented in Table 4.1. 

An efficiency program would have direct and positive employment impacts for retrofit installation 
work. This analysis assumes the ratio of Ukrainian to Western labor ranges from 5 :  1 to 8 :  1, depending 
on the efficiency measure. While it is not clear to what extent energy retrofit services exist in Kyiv, such 
capabilities are likely to develop. The resulting employment impacts are estimated at 64 full-time 
equivalents for the second through fifth years of the project. It is expected that domestic suppliers and 
manufacturers of equipment will also develop, but associated employment is not estimated. 

The reduction in energy expenditures translates directly into reductions of state and municipal 
expenditures. Budgetary expenditures are projected to decrease by $9 million per year in the last year of 
the project. This is estimated to result in a redirection of $5.8 million in annual expenditures for fuel 
imports. 

Although a residential sector program was not examined in detail, the burden of excessive fuel con- 
sumption is also felt by residential consumers. The International Energy Agency (IEA) estimates that a 
typical urban family of four pays as much as one-third of wage earnings for the energy bill (IEA 1996). 
Reductions in energy consumption that are translated into reductions in energy-related expenditures 
would have a substantial positive impact on disposable income. It is estimated that residential sector 
energy bills could be reduced by as much as 25%. 
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Table 4.1. Secondary Impacts 

P 
‘b 

:b) Full-time equivalents. 
:c) Fuel import reductions estimated from energy savings using estimated transmissiorddistribution losses of 20%, and average boiler 

efficiency of 88%. Natural gas savings converted from Gcal to cubic meters using 7,975 kcal/m3-(Kievenergo data) (JTC 1996), and 
mazut savings converted from Gcal to tonnes using 7,000 kcalkg. Estimated price of natural gas, $83/thousand m3. Estimated price 
of mazut, $95/tonne. 
Domestic manufacture of equipment and materials is expected, but an estimate of the types and quantities of materials and associated 
employment impacts has not been made. 



4.2 Environmental Impacts 

Assessment of the net environmental impacts associated with the potential investment program, 
particularly emissions impacts, requires an adequate characterization of an existing or baseline situation. 
As with the efficiency assessment baseline, this is somewhat problematic for the city of Kyiv. Currently, 
a capacity shortfall exists for district heating in some parts of the city. In addition, economic circum- 
stances have led to the refusal of service by some building owners and/or occupants, depressing energy 
consumption at district heating plants to below-normal levels. As a result, current pollutant emissions 
are also below normal levels. 

The actual environmental impact of the potential investment program at the building level is also 
highly dependent on the level of service received by any particular building. In buildings with adequate 
heating or overheating, an appropriately selected set of efficiency measures will result in reduced energy 
use, and hence reduced emissions. In buildings where heating service is inadequate, efficiency measures 
may improve the comfort level in the building, but not reduce energy use. While assessing impacts 
based on the existing (heat supply conditions in 1995) situation may accurately reflect actual short-term 
changes in emissions, the assessment will not capture the full expected impacts when service levels 
return to normal, which may be a more appropriate measure of environmental impacts. 

Further complications to estimating environmental impacts also arise as a result of under utilization 
of district heating services, which in some cases is caused by electric space heaters, rather than natural 
gas, being used to provide supplemental heating. While the emissions impacts of this additional elec- 
tricity use may or may not be local to Kyiv, they are in fact real impacts, and depending on the tech- 
nology used to generate this additional electricity, may be much more dramatic than impacts due to 
changes in natural gas consumption at district heating plants. The complexity of this issue, however, is 
beyond the scope of the current effort to evaluate impacts associated with changes in electricity-related 
emissions. 

Finally, emissions reductions related to energy savings depend on the performance of the heat 
production and distribution system, which are the subjects of a related improvement program. Direct 
emissions impacts as a result of these programs are estimated elsewhere (JTC 1996; Ekono Energy 
1996). Explicit changes in average emissions factors as a result of these programs will not be estimated 
here. Instead, generic emission factors for boilers in Ukraine will be used, in conjunction with perform- 
ance estimates of the existing heat production and distribution system. This method is transparent and 
provides a reasonably accurate assessment of emissions impacts associated with the potential investment 
program. 

This assessment is driven both by World Bank and Ukrainian requirements for environmental 
assessments related to building efficiency improvement programs. The project requires a category “B” 
Environmental Mitigation Plan (EMP) as defined in the Bank’s Operational Directive on Environmental 
Assessment, O.D. 4.01 (World Bank 1991). The assessment has also been performed in accordance with 
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the requirements of the Ukrainian Ministry of Environmental Protection and Nuclear Safety, 1991 Law 
of Ukraine “On Protection of Natural Environment” (Law of Ukraine 1991) and 1992 Law “On 
Protection of Ambient Air” (Law of Ukraine 1992). Specific regulations are discussed by topic area 
below. 

4.2.1, Emissions Impacts 

Ukrainian law regulates both total emissions and stack concentrations from gas and mazut-fired 
boilers. Emissions limits exist for nitrogen and sulfur oxides and particulate. The emission limits are 
presented in Table 4.2. 

Table 4.2. Boiler Plant Permissible Air Pollutant Emission Levels 

Permissible Levels of Air Pollutant Emissions 
Concentration of Air Pollutants in 

Exhaust Gases (when a = 1.4), mglm’, at 
Normal Conditions Total Exhaust, glMJ (’) 

Particulate Oxides Particulate Oxides 
Adjusted Amount of Ash 

in the Fuel, YO kg/MJ 
Adjusted Amount of 

Ash in Fuel, YO kglMJ 
Boiler Steam 

Capacity, t/hr 
Thermal 

Capacity, MWt Fuel <0.6 0.6-2.5 e . 6  Sulfur Nitrogen ~ 0 . 6  0.6-2.5 >0.6 Sulfur Nitrogen 
420 t/hr and Gas 0.043 125 
bigger, 300 MWt, (1.25) 
( I  ,000 GJlhr) Mazut 0.02 0.175 0.065 50 400 185 

(0.5 86) (5.13) (1.9) 
Less than 420 Uhr, Gas 0.086 250 
300 MWt, (2.5) 
( I  ,000 GJ/hr) Mazut 0.06 0.25 0.1 150 600 290 

(1.76) (7.33) (2.93) 
(a) Numbers in parentheses are values in kilograms/tonnes standard fuel. 

Ukrainian law (Ministry of Environmental Protection and Nuclear Safety) also regulates maximum 
permissible concentrations of selected air pollutants for short-term and 24-hour average concentrations. 
The full list of regulated pollutants includes more than 800 items, of which the most important for this 
project are NOx, SO,, CO,, and particulate. The maximum permissible concentrations of these pollutants 
are presented in Table 4.3. 
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Table 4.3. Maximum Permissible Concentration of Air Pollutants 

' Maximum Short-Term 
1 Concentration (ppm) 

0.085 
0.6 
0.5 
-- 

0.15 

Pollutant 
Nitrogen Dioxide 
Nitrogen Monoxide 
Sulfur Dioxide 
Residential Oil Ash (recalculated to 
vanadium penoxide) 
Nonorganic Particulates (silicon dioxide 
content above 70%) 
Nonorganic Particulates (silicon dioxide 
content ranging from 20 to 70%) 
Nonorganic Particulates (silicon dioxide 
content below 20%) 
Note: ppm is parts per million. 

- 
Average Concentration 

per 24 Hours 
0.04 
0.06 
0.05 
0.02 

0.05 

0.3 0.1 

I 

0.5 0.15 

The potential investment program is expected to reduce heat demand in buildings, and hence energy 
consumption and emissions. The magnitude of the emissions reduction is a function of the heat demand 
reduction, the net heat production and distribution efficiency, and the emissions rates of the district 
heating boilers. As discussed above, precisely estimating the actual emissions reduction is difficult. 
However, a reasonable approximation can be made using estimated average emission factors and system 
performance. The assumptions used in this analysis are presented in Table 4.4. 

I 

Table 4.4. Emissions Estimate Assumptions 

Fuel Share 
Emission Factors (g/MJ) 

NO, 
SOX 
COZ 

Boiler Efficiency 
Transmission Efficiency 
Heat Use Reduction (Gcal) 
Fuel Use Reduction (Gcal) 
Fuel Use Reduction (MJ) 

Natural Gas Mazut Total or Average 
85% 15% 100% 

0.2 1 0.2 1 0.2 1 
0.975 0.146 

50.3 74.7 54.0 
88% 88% 88% 
80% 80% 80% 

321,501 56,735 3 78,23 6 
456,677 80,590 537,267 

1,912 337 2,249 

Total emissions reductions by year as a result of the project are presented in Table 4.1. It is 
projected that after the year 2002, NO, emissions would be reduced by 332 tons, SO, emissions would be 
reduced by 232 tons, and COz emissions would be reduced by 85,427 tons annually. 

4.5 



4.2.2 Health and Safety 

Both the World Bank and Ukraine have health and safety guidelines for construction activities. Of 
primary concern is the potential for exposure of workers and occupants to asbestos, which is sometimes 
used in building materials such as insulation. Exposure to airborne asbestos particles poses a known 
health risk. In Ukraine, asbestos is used primarily to produce asbestocement, which may be used as a 
material for different types of pipes and ducts, and for roofing tiles. Asbestocement air ducts may be 
used in ventilation exhaust systems. However, Ukrainian law (State Committee of Ukraine on Affairs of 
Urban Development and Architecture 1996, SNiP No. 2.04.05-91) prohibits the use of asbestocement air 
ducts in input ventilation systems. It has been determined that asbestos is not commonly used as an 
insulating material. The potential investment program does not contain components related to the 
ventilation system. Hence, the potential to encounter asbestos in renovation projects is negligible; 
however, it is recommended that the presence of asbestos and its potential disturbance be addressed in 
the audit of individual buildings. 

An additional health issue that may be worthy of further consideration relates to the use of industrial 
waste materials in concrete used to manufacture prefabricated panels for high-rise apartment construc- 
tion. Since the early 1960s, these panels were manufactured at industrial facilities along the Dnieper 
River. In some cases industrial residues from the Donets Basin were used as aggregate in these panels 
(TACIS 1994). The use of such residues is now prohibited due to the potential for high heavy metals 
content in the waste. However, little publicly available information has been located on the health 
hazards associated with the use of these panels in existing buildings. 

Positive health impacts can be expected due to improved temperature control in buildings. The 
improved environment may reduce the number of occupant sick days and improve productivity; 
however, it would be extremely difficult to quantify such impacts, and no attempt to do so is made here. 

4.2.3 Indoor Air Quality 

Ukrainian sanitary norms regulate maximum permissible concentrations of harmful substances in 
ambient (outdoor) air. Under regulations of the Ministry of Health, maximum concentrations for indoor 
air of residential and institutional buildings must not exceed established maximum permissible concen- 
trations for ambient air. To comply with these regulations, Ukrainian law (State Committee of Ukraine 
on Affairs of Urban Development and Architecture 1996, SNiP 2.04.05-91) requires that the building 
ventilation system be designed appropriately, and that the heating system design must account for heat 
losses due to the warming of ventilation air. These heat losses are normally calculated on the basis of 
one air change per hour, though some buildings may be designed for greater air change rates. The World 
Bank requires a minimum ventilation rate of 0.5 air changes per hour. 
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Actual existing ventilation rates in Ukraine are difficult to quantify. In institutional buildings, 
ventilation systems are often inoperable. Because of high infiltration rates, however, indoor air quality is 
generally not a problem. Because some efficiency measures are expected to reduce infiltration, it will be 
necessary to ensure that adequate ventilation is maintained. 

The potential for insufficient ventilation will be addressed for individual buildings at the time of the 
building audit to determine applicable efficiency measures. In addition, the monitoring and verification 
activities shguld include a component to monitor air quality in selected buildings. 

4.2.4 Soil Contamination 

The potential investment program is not expected to have a significant impact on soil contamination. 
None of the materials expected to be used in the program are, or contain, contaminants. World Bank 
directives also prohibit investment in buildings with soil contamination. 

Existing soil contamination may be of concern in Kyiv due to the location of past or present indus- 
trial activities near residential and commercial areas. In addition, Kyiv is located in an area affected by 
the 1986 Chornobyl nuclear power plant explosion, which spewed radioactive materials into the atmos- 
phere. This contamination is no longer considered to pose a hazard, but it is recommended that the 
potential for disturbance of contaminated soil be addressed during the audit of individual buildings. 

4.2.5 Ozone Depleting Substances 

In compliance with the Montreal Protocol(a) (signed by Ukraine on February 18, 1988, and ratified by 
the Ukrainian Parliament on September 20, 1988), the Cabinet of Ministers of Ukraine issued decree 
# 1274 (Cabinet of Ministers of Ukraine 1996) approving a program for stopping the production and use 
of ozone depleting substances (ODS) in Ukraine. While ODS regulated by the Montreal Protocol are not 
manufactured in Ukraine, they are used in almost every sector of the economy. 

Ukraine will receive financial assistance, partly financed by a Global Environmental Facility (GEF) 
grant of $26.5 million, to implement projects on the conversion of ODS-using enterprises. The grant is 
conditioned on the implementation of licensing procedures for the import of ODS and ODS-containing 
equipment and materials, including foam insulation manufactured with chlorofluorocarbon (CFC) 
foaming agents such as HCFC-I 1. The total number of licenses will gradually be reduced as required by 
the London amendments to the Montreal Protocol. 

(a) The 1997 Montreal Protocol on Substances that Deplete the Ozone Layer, as adjusted and amended 
by meetings in London in June 1990, in Copenhagen in November 1992, and in Vienna in December 
1995; sponsored by the Ozone Secretariat, United Nations Environmental Program. 
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The World Bank also restricts the use of ODS in particular foam insulations manufactured with 
CFCs or their derivatives. To comply with these regulations, all tender documents for this project will 
stipulate that foam insulation materials shall not be manufactured using CFCs. 
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5.0 Conclusions 

The government of Ukraine, through the State Committee of Energy Conservation (State 
Committee), is considering the implementation of energy efficiency measures in state and municipal 
institutional buildings in the city of Kyiv. The State Committee entered into an agreement with the 
U.S. Department of Energy to assess the efficiency potential of the institutional buildings sector in Kyiv. 
Results of this assessment would support a loan by the World Bank for implementing a buildings 
efficiency improvement program in Kyiv. 

This report documents the assessment of the institutional buildings sector efficiency resource 
conducted by PNNL and its subcontractors, Tysak Engineering and the Agency for Rational Energy Use 
and Ecology (ARENO-ECO). The assessment consists of three primary tasks: evaluation of the institu- 
tional sector building stock in Kyiv, estimation of heat energy consumption in this building stock, and 
assessment of the cost-effective energy efficiency potential through retrofits to the buildings. 

In conducting this assessment, because of limitations in quality and availability of existing data, 
uncertainty arose regarding the size, distribution, and energy consumption of the institutional sector 
building stock. This assessment focused on reducing the uncertainties associated with size and 
distribution data by directly surveying the owning institutions. The uncertainty associated with the 
baseline energy consumption could not be addressed as directly due to time and budget limitations. In 
place of direct measurement of energy use, information from the literature and professional experience 
were drawn upon to produce baseline estimates. The energy consumption information generated in this 
manner is therefore considered conservative. 

Of the 1,678 buildings included in the survey, education buildings make up the largest category with 
1,296 buildings and a total of 6 million square meters of floorspace. A total of 989 of these buildings are 
under the jurisdiction of the Municipal Department of Education, the remainder being under the jurisdic- 
tion of the Ministry of Education. The Municipal Department of Health is estimated to own 339 build- 
ings having about 1 million square meters of floorspace. Forty three cultural buildings were also 
included in the survey with a total of 13 1 thousand square meters of floorspace. Total floorspace for the 
institutional sector included in the survey is 7.2 million square meters. By comparison, residential 
buildings include about 49 million square meters of floorspace. 

4 

Of energy supplied to the buildings sector in the form of hot water for space heating and domestic 
hot water purposes, the share by sector is estimated as follows: residential sector 45%, industrial sector 
34%, institutional sector 1 1 %, and commercial sector about 10%. Although the literature review and 
professional experience indicate these estimates to be reasonable, uncertainty is high for these estimates. 
Of the institutional buildings included in this assessment, the educational category was estimated to 
represent about 84% of the total energy consumption. 
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Building types were analyzed by size and age subcategories to determine the cost-effective energy 
efficiency potential. Measures to improve energy efficiency were selected and applied to each 
subcategory to reduce space heating and domestic hot water energy use. Measures were selected based 
on the economic criterion of a 5-year or less simple payback. The measures include insulation (exterior, 
roof, attic, and pipe), weatherstripping, storm windows, radiator reflectors, controls (building radiator 
level), low-flow showerheads, and faucet aerators. After measures were selected, the performance of the 
measure package was evaluated based on simple payback, IRR, and NPV. 

The estimated averages for efficiency potential range from 20% of baseline energy use for art 
galleries and museums to 29% for theaters. For education buildings, cultural buildings, and hospital 
administration buildings, the bulk of the efficiency potential is achieved through the building heat 
substation retrofit, which enhances temperature control and allows for setback of temperatures during 
unoccupied periods. For inpatient hospital buildings, the efficiency potential due to enhanced building 
controls is reduced because of the 24-hour occupancy schedule; however, high hot water use levels result 
in additional efficiency potential from the hot water heat exchanger retrofit (see Table 3.2). 

The investment levels associated with efficiency improvements range from $3.47 per square meter 
for schools to $6.08 per square meter for hospital administration buildings, or an average investment of 
$4.3 1 per square meter. These investment costs are primarily related to building size. The cost per unit 
capacity for building controls and hot water heat exchanger retrofits are higher for smaller units, and 
hence are higher for smaller buildings. In addition, heat meter costs are the same regardless of building, 
and hence cost more per unit floorspace for small buildings. The per square meter investment levels lead 
to a total investment of $3 1.1 million. 

The performance of the efficiency measure package varies as a function of building size, age, and 
function. In general IRR is lower for small and older buildings. By function, IRR is lowest for hospital 
administration buildings (1 6%) and art galleries/museums (1 3%), and highest for kindergartens and 
higher education buildings (32%). The weighted average IRR is 29% (see Table D.4). 

The sensitivity of the economic assessment with respect to efficiency measure performance and 
installed costs was also examined. The estimated values for efficiency measure performance and 
installed costs were either raised or lowered until the IRR fell to lo%, the minimum value for which the 
net present value is positive. For the value of the IRR to fall below IO%, at a heat price of $22/Gcal, the 
efficiency improvement would have to decrease between 35% and 80% of the estimated value. For 
example, the efficiency improvement of kindergartens would have to fall from 26% to 9.1 % for the IRR 
to fall to 10%. The cost of materials would have to more than double for the IRR to fall below 10% in 
all but hospital administration buildings and art galleries/museums, for which the cost of materials would 
have to escalate by 20% to 60% (see Table 3.4). 

As a result of energy efficiency improvements, a reduction of $1.7 million in energy bills is' 
estimated in the first year, increasing to over $9 million annually when the installation of efficiency 
measures is completed in the fifth year of the program. The reduction in energy costs translates to 
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additional funding available for redirection to other uses in the agencies or reductions in the state and 
municipal budgets. The reduced consumption of energy also translates to a decrease in the outflow of 
currency to purchase fuels. In addition to energy use reductions, emissions are expected to be reduced as 
follows: 332 metric tons of NO,, 232 metric tons of SO,, and 85,427 metric tons of C02 annually (see 
Table 4.1). None of the measures considered are expected to have significant health impacts or other 
negative environmental impacts. 
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Appendix A 

Institutional Building Stock Survey and Data Collection 

A.l General Description 

Kyiv, the capital of Ukraine, is situated on the banks of the Dnieper River and has a population of 
about 2.8 million. The city is divided into 14 districts and covers an area of about 80,000 hectares 
(200,000 acres). Overall the city contains about 50,000 buildings including residential, industrial, 
commercial, and public (institutional) buildings. There is a large industrial area along the Dnieper River, 
and a newly developed area, with primarily residential buildings, on the outskirts of the left (East) bank. 
Institutional buildings are spread throughout the city, but the majority are located on the right (West) 
bank in the older parts of the city. 

Institutional buildings are a diverse category that includes buildings with various social functions, 
such as: 

0 healthcare (hospitals, polyclinics, medical research institutes, etc.) 

0 primary and secondary education (kindergartens, schools, boarding schools, children’s centers, 
grammar schools, lyceums, etc.) 

0 professional and higher education (professional colleges, institutes, universities, academies, student 
hostels, etc.) 

0 social and cultural institutions (museums, theaters, concert halls, libraries, sport complexes, etc.) 

0 administration and office buildings (ministries, committees, city and district administrations, various 
municipal organizations, research and design institutes, etc.). 

The goal of the project was to consider only those buildings with state or municipal (city and district) 
ownership. Until quite recently, the state was the nominal owner of almost all real-estate property. State 
and municipal institutions acted as actual owners who were responsible for accounting procedures and 
maintenance of buildings. In this capacity there are such major institutions as ministries, state 
committees, ministry-level organizations (e.g., National Agency for Reconstruction and Development, 
State Property Fund, etc.), and the city and district administrations. Ministries and state committees, 
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apart from their own buildings, may have in their subordination research, design, and educational insti- 
tutes, research and development bureaus, etc. Although formally subordinated, these institutions act as 
separate legal entities with full rights of property disposal (except selling the property). 

As a result of insufficient financing from the state and municipal budgets, these institutions are 
usually forced to rent their buildings to government or commercial organizations and to charge the 
tenants with the operation and maintenance expenses. The current ownership situation is further 
complicated because of ongoing processes of privatization and transformation of ownership: state- 
owned buildings are being transferred to municipal property, and public buildings are being sold to 
private owners. As a result, the institutional buildings stock is undergoing rapid changes and cannot be 
regarded as fixed. 

A.l.l Targeted Buildings 

Because the purpose of this study is to provide an assessment of the institutional buildings sector 
efficiency potential and investment level for a potential World Bank loan, the focus was on institutional 
buildings with large populations administered by a single owner. It is more likely that such owners will 
consider a loan and that the loan and its repayment will be administered more easily. Also, the adminis- 
trative process of issuing the loan (due diligence) is much simpler and less expensive for larger borrow- 
ers. In addition, the willingness of large owners to provide data and to cooperate during the survey 
phase was a positive sign of their interest in obtaining the potential loan. 

The existing ownership structure was analyzed, and the owners with large building populations were 
selected. Preference was given to those buildings where ownership relations were simplest and building 
stock could be considered as sufficiently stable (i.e., buildings are not rented to various tenants and the 
privatization process did not complicate the situation). In this regard, the obvious categories to consider 
were healthcare and education. Preschool and secondary education buildings (kindergartens, schools, 
boarding schools, youth centers, etc.) are owned by the city. The majority of higher and professional 
education buildings are subordinated to the Ministry of Education, and some other ministries have their 
own educational establishments. Healthcare institutions (hospitals, polyclinics, etc.) are owned by the 
city and the Ministry of Health. There is a much smaller number of healthcare buildings with other 
owners: Cabinet of Ministers, Ministry of Internal Affairs, Ministry of Transport, etc. There are very 
few of these buildings and information on them was much more difficult to obtain. Thus, they were not 
included in the detailed assessment. 

An additional argument in favor of evaluating healthcare and education buildings was their sub- 
stantial energy-saving potential due to their occupancy schedule. In addition, there are important social 
aspects of improving the overall conditions and level of comfort in educational and medical institutions. 
Also, in these categories many buildings were constructed according to standard designs, which makes it 
possible to replicate approaches to energy conservation opportunities and will reduce required imple- 
mentation costs. Institutional buildings in other categories were not built according to the same standard 
designs and would require an individual approach. 
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Another category with a large number of buildings is research and design institutes. Here the largest 
owner is the Ukrainian National Academy of Sciences. It has dozens of institutes in its structure, 
although each of them is regarded as a separate legal identity. The situation here is quite complicated, as 
the Academy is now in the process of restructuring, and the privatization process is under way. As a 
result, the current ownership structure is changing, and the prospects for these buildings are not yet clear. 
Other institutes are formally subordinated either to ministries or other state structures, or to the city. 
These also have separate legal identities and, under conditions of insufficient financing, are usually 
forced to rent their office space to various commercial structures or state organizations. 

Tables A. 1 and A.2 present summary information on the number of buildings and floorspace for 
9 categories of buildings: hospitals, polyclinics, and hospital administration buildings; kindergartens, 
secondary schools, higher education buildings, and student hostels; and theaters and art galleried 
museums. Data for healthcare facilities primarily include information for buildings owned and operated 
by the Municipal Department of Health. Data on healthcare institutions with other owners (Cabinet of 
Ministers, Ministry of Defense, Ministry of Internal Affairs and the National Safety Service) are not 
available. Healthcare units not located in separate buildings were not assessed for efficiency potential, as 
well as those where the efficiency potential is relatively small and implementation of energy 
conservation opportunities does not make sense (pathologies, laundries, garages, warehouses, etc.). 

A.1.2 Building Categorization 

Information in Tables A. 1 and A.2 is segregated by vintage and size (number of stories). The time 
periods used in the analysis are prior to 1958, 1958 to 1980, and after 1980; gradation by size is small (1 
to 2 stories), medium (3 to 4 stories), and large (greater than 4 stories). 

Prior to 1958, Russian building codes (abbreviated SNiP) did not exist. Construction practices were 
based on methods described in special literature and reference books. These methods were based on 
traditional practices for constructing buildings with thick brick walls, which provided satisfactory heat 
insulation levels. For these buildings, it is difficult to make an accurate estimate of thermal resistance 
values for the building envelope. However, available reference information allows indirect estimation 
of these values based on so-called “specific heat characteristics” of different buildings, which were used 
before 1957 for approximate calculation of heat losses. 

In 1957 some SNiP chapters appeared, including standards regulating the level of thermal insulation 
for building envelopes. Under theses norms, which were valid until 1994, thermal resistance of building 
envelope elements (apart from windows) was determined by the maximum allowed by the norms as a 
function of the difference between the temperature of indoor air and internal surface of the building 
envelope. For example, for external walls this difference varied between 6 and 7°C for different types of 
public buildings. Practically all buildings were designed and constructed to minimize their cost, so the 
building envelope had the minimum possible thickness. 
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Table A.l. Number of Buildings by Vintage and Size 
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After the 1970s energy crisis in the West, former norms and standards were supplemented by 
instructions to compare the thickness of thermal insulation for selected building envelopes against the 
economically justified value, but the suggested method of calculation was not used in practice because of 
its over-complexity. As a result, in 1980 standard adjustment factors to norms on thermal resistance 
values were introduced. They were required to be taken into account as a minimum addition in calcu- 
lations of economically justified heat insulation thickness. It is these adjustment factors (between 1.1 
and 2.0) that appeared in construction designs beginning in 1980, and their official introduction is the 
reason for some improvement of heat insulating properties in building envelopes. 

Beginning in 1994, new guidelines appeared in Ukraine for the calculation of thermal resistance of 
building envelopes, with requirements for thermal insulation 2 to 2.5 times higher than previously 
required. But decreased volume of construction in recent years, and financial problems in the 
introduction of new norms, led to the situation where by the end of 1996, the new norms had not yet 
substantially influenced heat consumption in existing buildings. 

In addition to factors connected with the age of buildings, their thermal characteristics are influenced 
by the number of floors (stories). All institutional building types considered in this analysis have been 
divided into groups characterized by the number of stories. The breakdown by stories was carried out 
according to principles that make a basis for normative tables of energy-use intensity values, where these 
values are similar for different groups of buildings. 

A.1.3 Data Collection Methodology 

To accelerate the process of project preparation, data collection activities were focused primarily on 
the owners who will probably retain the authority over the structures subordinated to them, and who 
could issue executive orders to provide the data (city/district administrations, Municipal Department of 
Health, Municipal Department of Education, Ministry of Education, Municipal Department of Culture). 
Energy savings potential for corresponding building categories (healthcare, education, cultural) appeared 
to be the most promising. 

Obtaining the information from the owners directly was preferred to “anonymous” data collection, 
because the project is the basis for a potential loan to the owner. Also, obtaining data from the central 
city registry of buildings (Bureau of Technical Information) would have taken much time and effort and 
could not produce a comprehensive picture. The registry keeps technical data on each individual build- 
ing whose owner contacted the registry sometime in the past. Information is not computerized and is 
identified only by the address of each building. The current owner and purpose of the building is not in 
the registry and must be determined by contacting each owner directly. Also, information on the 
building stock is not complete, because not all buildings have been included in the registry. 

The State Committee for Energy Conservation coordinated data collection activities and made initial 
contacts that were necessary for successful implementation of the work. The State Committee on Energy 
Conservation organized a meeting with representatives of important structures: the Ministry of Health, 
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City Department of Education, Department of Health, Department of Finance, and the State Committee 
on Urban Development and Architecture. The objectives of the project were presented and cooperation 
in collecting necessary basic data was requested. Subsequent meetings were held within these organiza- 
tions with representatives of subordinate district structures, and a questionnaire was explained and 
distributed among the participants. 

Responses were obtained from Municipal Departments of Education who provided detailed data on 
pre-school and secondary education buildings (kindergartens, secondary schools, boarding schools, 
grammar schools, lyceums, youth clubs, etc.). The summary data are included in Tables A. 1 and A.2. 

In addition, a letter from the State Committee on Energy Conservation was forwarded to the Deputy 
Chairman of City State Administration. As mentioned above, there is not a central registry that could 
provide basic data on buildings in the form required for the project, so the city authorities gave instruc- 
tions to a subordinate organization to provide help in collecting necessary data. This organization, 
Kievzhilspetsekspluatatsia, is responsible for servicing residential and nonresidential buildings in the city 
of Kyiv. It worked with district administrations to provide the required data on buildings. This work and 
the analysis of obtained data have shown that the process of privatization and renting the buildings is 
quickly changing the structure of ownership and financing. Pure municipal budget financing of office/ 
administration buildings is used only for buildings of city/district administrations (that is, 15 buildings) 
and a small number of other municipally owned buildings. The same is true for the ministries and other 
state structures. Pure budget financing is applicable almost exclusively to buildings where the 
headquarters of ministries, committees, etc. are located. 

The information provided by district administrations is not always complete and must be 
supplemented by estimates and additional data. For example, some healthcare institutions, although 
owned and operated by the city, were not included in the submitted data. Information on healthcare 
buildings was obtained with the help of the Ministry of Health. There is a construction design institute 
that was formerly owned by the Ministry, but now has been transformed into the joint-stock company 
Medinvestproject. The Ministry recommended this company help in providing the required information. 
On a contract basis, Medinvestproject has prepared basic data on healthcare building stock and some 
additional information, such as indoor temperatures, for different buildings. 

Another letter from the State Committee on Energy Conservation was forwarded to the Ministry of 
Education to request help in collecting data on their buildings (there are 19 institutions of higher 
education, such as universities, academies, and institutes; and 4 1 technical colleges). The Ministry 
prepared letters to subordinate institutions that provided the data. 

Other state structures are too numerous to allow the collection of necessary information within the 
timeframe of the project. (There are 54 ministries and state committees, National Academy of Sciences, 
etc.). Moreover, many of their subordinate organizations, such as research and design institutes, have 
already become independent stock companies, and others are now in the process of making this change. 
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Appendix B 

Baseline Energy Consumption 

This appendix presents the estimated baseline district heat energy consumption for each of the 
building types. Baseline energy consumption is estimated as the product of building floorspace and 
specific energy consumption per unit floorspace. The sources of floorspace data and specific energy 
consumption data are described in each subsection. 

The baseline energy consumption estimates are referenced to a base year of 1995. The baseline 
estimates are premised on the delivery of design heat levels to all buildings (ie., to maintain design 
temperatures of 1 8OC). In reality, in 1995 these design conditions were often not met due to adverse 
economic circumstances, which led to fuel supply constraints, and a capacity shortfall in the district 
heating system. Because this situation is expected to be temporary, the baseline estimates reflect normal 
service delivery. Sector level estimates are presented below. 

B.l Institutional Buildings Sector 

Institutional building stock estimates and data collection are described in Appendix A. Because of 
difficulties in collecting data on the institutional buildings sector, these estimates are not comprehensive. 
Building stock estimates used in this analysis are also not comprehensive, but instead represent that 
fraction of the institutional buildings stock for which a large volume of buildings was subordinated to a 
single budget organization, and for which detailed building characteristic data were available. This stock 
was considered the most suitable for effective implementation of a buildings energy efficiency program. 

Specific energy consumption estimates for the building types included in the assessment were 
derived from design data and other estimates. Design energy use in buildings can be divided into three 
components: space heating, water heating, and ventilation. Specific energy consumption estimates for 
space heating were derived from design data and were verified using simulation modeling of prototype 
buildings with Kyiv weather data. Because water heating energy use in institutional buildings is a . 

function of factors such as occupancy, it was estimated generically on the basis of building function as a 
percentage of space heating energy use. Space and water heating energy intensity estimates are 
presented by building type in Table B. 1. 

Specific energy use for ventilation was not estimated. Mechanical ventilation is seldom used in 
Kyiv, and no ventilation energy conservation measures were considered, so no energy efficiency 
improvements are expected from ventilation changes. 

B. 1 



Table B.l. Specific Energy Intensity by Vintage Size (space heat and hot water) 

Institutional Building 
Owner and Cate 

. 



Baseline energy consumption can be estimated by building category by multiplying the specific 
energy intensity estimates in Table B. 1 by the floorspace of each building category from Table A.2. 
Baseline energy consumption estimates are presented in Table B.2. 

B.2 Residential Building Sector 

Though the residential sector was not the primary focus of this study, a richer body of information 
exists with which to characterize the sector. Not only does this information complement the analysis of 
institutional buildings, but it also provides some basis for assessing the relative accuracy with which 
design estimates of building energy consumption conform with other estimates. 

Estimates of floorspace for the residential building sector are found in a variety of references. Total 
residential floorspace estimates over the past 16 years are presented in Table B.3. 

According to TACIS (1994), the vast majority of public buildings in Kyiv are connected to the 
district heating network. Hence, the residential stock supplied by district heating in 1995 is estimated at 
48.1 million square meters. The residential building stock can also be broken out roughly by size as 
follows: 1 to 4 stories - 8.3%; 5 to 9 stories - 67.9%; 10 or more stories - 23.8% (Ekono 1996). 

There are several sources of specific energy consumption estimates (energy use per unit floorspace); 
however, there appears to be little measured data. In addition, much of the available information on 
energy use in residential buildings is presented in terms of energy demand, not annual energy use. Some 
of the available estimates are discussed below. 

Specific energy consumption estimates for residential buildings can be derived from design peak 
demands (SNiP 2.04.07-86) for existing buildings using estimates of the number of equivalent hours at 
full load. Design data, in watts per square meter, for standard efficiency buildings built prior to 1985 are 
presented in Table B.4 for outdoor design temperatures of -20°C and -25"C, as well as interpolated 
values for -22°C' the design condition for Kyiv.(*) The latter values are then converted to annual specific 
energy consumption using an assumed full load equivalent operating hours (FLEOH) of 2143. This 
value is derived from Kievenergo's method for estimating annual energy use for heating from demand 
values. Annual heat energy use is estimated from the equation: 

Qa = 24 houdday * Od * HDD 
AT 

(a) SNiP 2.04.07-86 also has standards for efficient buildings built prior to 1985 and for buildings built 
after 1985. Both of these building categories have lower energy consumption; however, the standard 
values used here are felt to more accurately represent the aging building stock. 
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Table B.2. Baseline Annual Energy Consumption (space heat and hot water) 
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Table B.3. Residential Buildings and Floorspace(') 

Year 
. 1980 

1985 
1990 
1991 
1992 
1993 
1994 
1995 
1996 

Number of Floorspace 
Dwellings Average Area (m') (million m') 

620,400 53.4 33.1 
70 1,300 54.4 38.1 
807,300 54.0 43.6 

(b) (b) 44.5 
(b) (b) 45.5 
(b) (b) 46.3 
(b) (b) 47.2 
(b) (b) 48.1 

889,400 55.1 49.0 

consistent with the trend toward larger apartments. 
(b) No data available. 

Specific Energy Demand (W/m') 
by Design Temperature 

Stories -20°C -22°C -25°C 
1-2 205 208 213 
3 -4 117 121 126 
- >5 79 82 86 

Table B.4. Design Heat Demand and Annual Energy Use Estimate Assuming 
2,143 Equivalent Hours at Full Load 

Annual Annual 
Energy Use Energy Use 
(kWh/m2) ( Gcal/m2) 

446 .3 8 
259 .22 
176 .15 

where Qa is annual heat consumption in Gcal, Qd is design heat load in GcaVhr, HDD is the number of 
heating degree days per year, and AT is the difference between the design indoor temperature (1 8OC) and 
the design outdoor temperature (-22°C). HDD is calculated as the difference between the design indoor 
temperature (1 8OC) and the average outdoor temperature during the heating season (- 1.1 "C) times the 
length of the heating season (1 87 days), or 3572 HDD. The value of FLEOH can be derived from this 
equation as: 

J 

FLEOH = 24 hourddav * HDD = 24 * 3.572 = 2,143 hourdyear 
AT 40 
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Based on these design data, it is clear that specific energy use is highly dependent on the number of 
building stories. Average specific energy use can be estimated by weighting the estimates in Table B.4 
by the size distribution data cited above. The resulting estimate for average annual specific energy use is 
0.17 Gcal/mz. 

Several estimates of average specific energy consumption are found in the literature. One study cites 
design annual specific energy consumption in Kyiv at 155 kwh/m2 (0.13 Gcal/m2) (based on net area), 
and estimates actual consumption at 250 kwh/m2 (0.22 Gcal/m2), or about 60% higher than the design 
values (IEA 1996). This value may include heat use for hot water. 

. 

In another study, specific energy intensity estimates for Kyiv were derived from a combination of 
measurement and modeling approaches (TACIS 1994). The simulation model used in this assessment 
was calibrated using 4 months of metered data on two high-rise apartment buildings. Based on this 
work, the specific energy intensity for heating over the entire season was estimated to range from 0.1 1 to 
0.28 Mwh/m2 (0.09 to 0.24 Gcal/mz). 

More recently, residential specific energy consumption was estimated for buildings supplied by 
Kievenergo based on annual fuel use, assumptions about the efficiency of the heat transmission and 
distribution network (20% losses), and the fraction of Kyiv residential floorspace served by Kievenergo 
(56%) (Ekono Energy 1996). These estimates are given in terms of energy use per unit volume. Using 
the energy use and floorspace data, these values can be recalculated on a per-unit floorspace'basis, yield- 
ing an estimate of actual average consumption in 1995 of 191 kwh/m2 (0.16 Gcal/mz). Because of fuel 
and capacity constraints in 1995, this fuel consumption is estimated to be far below actual consumption 
had there been no such constraints. In this case, specific energy use is estimated at 260 kwh/mz 
(0.22 Gcal/m2), or about 36% higher than actual heat consumption in 1995. 

These results are based on estimates that 56% of Kievenergo heat is supplied to residential cus- 
tomers. Kievenergo data found in Joseph Technology Corporation (JTC 1996) suggest that the supply to 
residential buildings in 1995 was significantly higher, or about 69% (the sum of residential and 
construction cooperative housing) of the total. These data are presented in Table B.5. It is not clear what 
the source of this discrepancy is; however, if the higher value is used, the resulting estimates of specific 
heat consumption would be 0.23 Gcallmz in 1995 with energy supply constraints, and about 0.30 Gcal/m2 
without energy supply constraints. 
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Table B.5. Kievenergo 1995 Actual District Heat Supply (JTC 1996) 

The Ekono Energy (1996) estimates include heat use for hot water. Because of the lack of hot water 
metering in Kyiv, there are few data on hot water consumption in residential buildings. Estimates of hot 
water consumption range from about 70% of the design consumption of 105 liters/person/day (Ekono 
Energy 1996), to more than 300 liters/person/day (IEA 1996). Direct estimates of heat energy use for hot 
water can be made from Kievenergo data found in Joseph Technology Corporation (JTC 1996). In this 
report, Kievenergo estimates of thermal energy supply for 1996 are given by quarter. Assuming that 
third quarter (July to September) thermal energy supply is almost exclusively for hot water, the 
consumption of heat for hot water can be estimated for the entire year. Based on these data, hot water 
heat consumption is estimated at 0.06 GcaVm’, compared to space heat energy.use of 0.16 Gcal/mz, or 
total heat energy use of 0.22 Gcal/m2. Hence, hot water energy use amounts to 28% of total energy 
consumption. 

Based on the above data, residential specific energy consumption for normal heat supply conditions 
is estimated based on design heat loads for space heating, or a floorspace weighted average value of 
0.17 Gcal/m2. Heat energy consumption for hot water is estimated as 28% of the total heat consumption, 
or 0.07 Gcal/mz, for a total heat consumption of 0.24 Gcal/mz. These appear to be conservative estimates 
for total actual heat consumption in periods of normal heat supply. 

Baseline energy consumption is estimated as the product of specific energy consumption and 
estimated floorspace for each of the building types. The estimated annual residential energy 
consumption is presented in Table B.6 for each of the four building types. 
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Table B.6. Residential Building Baseline Energy Consumption Estimates 
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Appendix C 

Efficiency Measure Cost Data 

This appendix provides the estimated quantity of materials and installed costs of the efficiency meas- 
ures, by building type, for the prototypes used for the institutional and residential buildings sectors. 
Material costs and quantities are also presented for average buildings for the institutional sector.(a) The 
quantities of material for the institutional buildings were estimated based on analysis of specific build- 
ings in Kyiv, or based on design calculations. Per unit labor requirements were based on professional 
judgment and were drawn from analysis conducted for the Enterprise Housing Divestiture Project 
(EHDP) Staff Appraisal Report (SAR) conducted for the World Bank in Russia (World Bank 1996). The 
quantities of material, equipment, and labor for the residential sector are also drawn primarily from the 
EHDP SAR. Cost estimates were derived from a variety of sources, including direct quotes from both 
foreign and domestic equipment suppliers, as well as from other building efficiency assessments in 
Eastern Europe (PNNL 1995, 1996; World Bank 1996). The ratio of Ukrainian labor to foreign labor to 
install the measures ranges from 5: 1 to 8: 1 depending on the measure. Ukrainian labor rates are 
estimated at $5.00 per hour, foreign labor rates at $55.00 per hour. 

C.l Institutional Buildings Sector 

The institutional buildings sector is modeled using nine categories of buildings: hospitals, poly- 
clinics, and hospital administration buildings; kindergartens, schools, higher education buildings and 
student hostels; and theaters and art galleries/museums. Within these broad categories, the building 
prototypes are further subdivided by age and size (in this case number of stories). The age classes used 
are buildings built before 1958, those built from 1958 to 1980, and those built after 1980. These age 
classes roughly delineate architectural practices that impact thermal performance, and are described 
further in Appendix A. The size classes were chosen to match the existing building stock and include 1 
to 2 story buildings, 3 to 4 story buildings, and buildings greater than 4 stories, except for student hostels, 
which were modeled using residential prototypes (5 and 9 stories). 

Not all building categories include examples of each of the building subcategories. For example, 
there are no kindergartens or schools greater than 4 stories. Also, some building categories have very 
little floorspace in a particular subcategory, hence these subcategories were not included as a prototype. 
In total, 33 prototypes are used to model the institutional buildings sector. These are presented in 
Table C. 1. 

(a) For a discussion of the conversion from prototype to average buildings, see Section 3.2.1 
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Table C.l. Institutional Building Sector Prototypes 

Building Type 

Polyclinics 

Number 

1 
2 
2 
1 
2 

Building Subtypes Prototypes 
1 to 2 stories before 1958 
2 to 4 stories, 1958-1980 and after 1980 
>4 stories, 1958- 1980 and after 1980 
1 to 2 stories before 1958 
3 to 4 stories. 1958-1980 and after 1980 
>4 stories after 1980 I 
1 to 2 stories before 1958 and 1958-1980 2 
>4 stories, 1958-1980 and after 1980 2 
1 to 2 stories, all age groups 3 
3 to 4 stories. all age grows 3 

Higher Education 

Hostels 
Theaters 

~~ 

Art Galleries/Museums 

3 to 4 stories, all age groups 
>4 stories. 1958- 1980 and after 1980 

3 
2 

5 stories and 9 stories ' I  2 
1 to 2 stories. 1958-1980 I 1 
3 to 4 stories, before 1958 
>4 stories, after 1980 
1 to 2 stories, before 1958 and after 1980 
3 to 4 stories, before 1958 
>4 stories. after 1980 

33 

Table C.2 provides the estimated installed cost of the 20 measures considered applicable to 
institutional buildings in Kyiv. The costs are developed to show the quantity of labor, cost of labor, and 
the installed cost of the measure. Table C.3 illustrates the penetration of each efficiency measure in the 
general building categories. Not all retrofit options apply to each building prototype. For example, 
ceiling fans are only applicable in buildings with high ceilings, such as cultural buildings. In addition, 
many retrofit measures are not found to be cost-effective in some or all building types. Within building 
categories the number of cost-effective efficiency measures also varies by building vintage and size, 
though this variation is small compared to the differences between building categories. 

Table C.4 presents the total material requirements and total installed costs for each of the efficiency 
measures and each of the 33 institutional building prototypes, as well as the total costs for each building. 
In Table C.5, these values are presented per average building for the Kyiv building stock. The total per 
building costs in Table C.5 match the per building investment requirements in Appendix E, Table E.l. 

. 
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Table C.2. Measure Cost Data 

c, w 

Y -1- - -  

Retrofit Heating System (weighted average) bldg. 7,198 114 22.75 5 569 1,251 9,018 
Radiator Balancing Valves each 14.25 0.83 0.17 5 4.17 9.17 27.58 

[a) Labor rates are $5.00 per hour for domestic labor and $55.00 per hour for foreign labor. 



Table C.3. Penetration of Efficiency Measures by Building Type 

Municipal Dept. of Ed. 
Kindergartens 
Schools 

X X X X X X X 

X X X X X X X 

Building Owner 

Hospitals 
Polvclinics 

11 Administration 

R e f l ~ t o r ~  D;rs ~ Fans 1 Shower 

I ~~ 

X X 
I I 

Rest ric tors 

X 

X 

Exch. Meters Valves Retrofit 



Table C.4. Institutional Prototype Building Material Requirements and Costs 

system cost, yields the system cost for each building prototype. It does not have any other physical significance. 





C.2 Residential Building Sector 

Building Type 
2-story, Brick Construction, with Attic 
5-story, Panel Construction, with Attic 
%story, Panel Construction, No Attic 
14-story, Panel Construction, No Attic 
Total 

Four prototype buildings were used to estimate the efficiency potential of the residential sector. The 
prototype building configurations and materials requirements were derived from an analysis conducted 
for the EHDP Staff Appraisal Report (World Bank 1996) conducted for the World Bank in Russia. 
Where necessary, material costs were revised to reflect typical costs in Ukraine. Energy savings 
estimates were developed using a simulation model. The model inputs were adopted from a study of 
residential sector buildings in the Czech Republic (PNNL 1996) and matched to the most similar 
prototypes in the Russia EHDP analysis. Finally, residential building stock information was used to 
develop sector-level energy savings and investment requirements. The building prototypes and 
floorspace are presented in Table C.6. The unit requirements and costs for each prototype building are 
presented in Table C.7. These costs are equivalent to costs per apartment ranging from $223 to $755. 

Floorspace (million m2) 
4.81 

16.84 
16.84 
9.62 

48.10 

Table C.6. Residential Section Building Prototypes 
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Table C.7. Residential Prototype Building Material Requirements and Costs 
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Appendix D 

Efficiency Measure Performance Analysis 

D.1 Introduction 

The performance of 20 retrofit measures was evaluated using the estimated efficiency improvement 
and the estimated installed costs presented in Appendix C. This appendix contains a discussion of the 
economic evaluation and estimated efficiency potential for the institutional and residential sectors. 

D.l.l Common Economic Values 

The measures were analyzed by three economic metrics: simple payback, net present value (NPV), 
and internal rate of return (IRR). These metrics and the approach to selecting the efficiency measures are 
discussed in Section 3.2. 

Values of key economic factors underlying the analysis are 

0 price of district heat energy is $22/Gcal 

0 real annual escalation rate of district heat energy is 2.5% 

0 ratio of Ukrainian to foreign labor ranges from 5: 1 to 8: 1, depending on the efficiency measure 

0 hourly wage of foreign labor is $55.00 

0 hourly wage of Ukrainian labor is $5.00 

0 annual real discount rate is 10%. 
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D.1.2 Technical Analysis 

The performance (efficiency improvements) of the measures were estimated for the institutional and 
residential sectors using A Simplified Analysis Method (ASEAM) building energy simulation program 
applied to the building prototypes described in Appendix C. Weather data for Kyiv were used in the 
simulations, with Kyiv having an estimated 3572 heating degree days.(') 

Each of the measures was evaluated separately by simple payback to develop their respective econ- 
omic performance for each building prototype. The measures were then grouped to capture interactive 
effects with respect to efficiency improvement and reevaluated by economic metric to ensure that the 
minimum simple payback was achieved. Finally, the sensitivities of the measures to the cost of heat and 
the efficiency measure installed costs were examined using an IRR threshold of 10%. An IRR of 10% is 
the point where the net present value of the project goes to zero. 

Although the residential prototypes may not fully reflect the residential building stock in Kyiv, the 
simulations are felt to adequately represent the applicable measures, efficiency potential, and level of 
investment. Note, too, that the residential sector is not the focus of this analysis, but that it is considered 
for reasons of completeness. The residential sector is estimated to consume about 45% of district heat 
energy provided by hot water and about 68% of the buildings sector heat energy consumption. 

D.2 Measure Analysis 

D.2.1 Institutional Sector 

Of the 20 measures considered, the following eight were determined to satisfy the cost-effectiveness 
criteria in one or more of the institutional building prototypes: 

0 window and door weatherstripping 

0 radiator reflectors 

0 substation-level heat controller 

0 riser balancing valves 

0 hot water heat exchangers 

~~ ~ _ _ _ _  

(a) Heating degree days in Ukraine are defined s the product of the I ngth of the he ting season 
(1  87 days in Kyiv) and the difference between the design indoor temperature and the outdoor 
average temperature (1 8°C and - 1.1 "C, respectively). 
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0 low-flow showerheads 

0 faucet aerators 

0 ceiling fans. 

Building-level heat meters are included in all'efficiency measure packages. Although the heat meter 
does not itself provide energy savings, it is felt to be critical to the performance of an energy efficiency 
program, and is essential for verification and operations purposes. 

The economic performance for the institutional sector prototypes is shown in Tables D.l to D.3 for 
the three economic criteria. Simple paybacks by prototype building range from 3.3 years for schools, to 
nearly 7.4 years for art galleries/museums. Simple paybacks are lowest for buildings constructed 
between 1958 and 1980 due to the construction practices in that period that lead to higher heat 
consumption. Paybacks also tend to be shorter for larger buildings, due to the lower cost per unit 
capacity for retrofit equipment (e.g., substation controllers) as the equipment sizes increase, and the 
lower costs per unit floorspace for heat meters; these effects offset the impact of decreasing energy 
intensity for larger buildings (Table B.1). These trends are also reflected in the IRR and NPV Tables D.2 
and D.3. 

The economic performance of the efficiency measures is summarized in Table D.4 for the major 
institutional buildings sector categories and for the entire sector. Total institutional buildings sector 
performance is impacted most heavily 'by kindergartens and schools, which together account for more 
than 57% of the institutional sector floorspace included in this analysis. 

The sensitivity of the IRR metric to the measure performance and material costs is shown in 
Tables D.5 and D.6. From these data it can be seen that the IRR is relatively sensitive to changes in 
measure performance and material costs for hospital administration buildings and art galleries/museums, 
but relatively insensitive for other building types. Material prices would have to more than double for 
the IRR to drop below 10% (indicated as shaded area in data tables) for these buildings. Measure 
performance would have to drop to less than half its predicted value before the IRR would fall below 
10%. 
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Table D.l. Institutional Building Sector Simple Paybacks 

Institutional Building 

U 
b 



Table D.2. Institutional Building Sector Internal Rate of Return 

c 

Institutional Building 

P 
vl 



Table D.3. Institutional Building Sector Net Present Value 

Net Present Value by Vintage and Size (%) 
Institutional Building Pre-1958 1958-1980 Post-1980 Floorspace 
Owner and Category -3 Stories 3-4 Stories >4 Stories -3 Stories 3-4 Stories >4 Stories <3 Stories 3-4 Stories >4 Stories of Buildings 

Municipal Dept. of Health 
Hospitals 51,284 56,245 14,901 96,202 474,736 1,524,025 80,113 84,313 1,419,859 3,801,676 

Administration -55,146 -7,136 -8,895 29,974 28,3 16 5 1,939 7,894 20,296 66,241 133,483 
Subtotal -28,265 39,309 4,703 160,640 764,221 1,628,884 102,767 3 18,093 1,984,778 4,975,129 

Polyclinics -24,403 -9,800 -1303 34,464 261,169 52,921 14,761 213,484 498,678 1,039,970 



* 

Table D.4. Institutional Buildings Sector Prototype Economic Performance by Economic Metric 

II I Economic Metric 

, 
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Table D.5. Sensitivity of Institutional Sector Internal Rate of Return to Efficiency Measure Performance 



Table D.6. Sensitivity of Institutional Sector Internal Rate of Return to Efficiency Measure Installed Costs 

Energy Savings - 
YO of Estimated 

100 
120 
140 

. 160 
180 
200 
220 
240 
260 
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D.2.2 Residential Sector 

Of the 20 measures considered, the following five were determined to satisfy the cost-effectiveness 
criteria: 

0 radiator reflectors 

low-flow showerheads 

0 faucet aerators 

0 substation heat controller 

0 building heat meters. 

The economic performance for the residential sector prototypes is shown in Table D.7 by the three 
economic criteria. The sensitivity of the IRR metric to fuel price and material costs is shown in 
Tables D.8 and D.9. 

Table D.7. Residential Sector Prototype Economic Performance by Economic Metric 

Building Type Payback (years) IRR (YO) Npv (8 
2-story 4.5 23.4 5,679 
5-StOry 4.0 26.4 3 8,463 
9-StOry 3 .O 35.7 7 1,303 
14-StOry 2.5 41.6 8533 1 
Average 3.4 32.4 56,052 

These data show that material costs would have to increase by 1.8 times for 2-story and over 3.5 
times for 14-story buildings before the IRR would drop to 10%. Measure performance could be as low 
as 55% of the predicted value for 2-story buildings to less than 30% of the predicted value for 14-story 
buildings for the IRR to fall below 10%. 
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Table D.8. Sensitivity of Residential Sector Internal Rate of Return to Efficiency Measure Performance 

Table D.9. Sensitivity of Residential Sector Internal Rate of Return to Efficiency 
Measure Installed Costs 

% of Estimated 
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D.3 Efficiency Potential 

This section provides the estimated efficiency potential for both the institutional and residential 
sectors. The estimated potential is calculated as the product of the building type floorspace estimates in 
Appendix A and the corresponding estimate of energy savings per unit floorspace for each of the 
building prototypes. 

D.3.1 Institutional Sector 

Estimates of institutional sector efficiency potential in Gcal per year are presented in Table D. 10 by 
building type, vintage, and size. Table D. 1 1 presents the estimated efficiency potential as a percentage 
of the baseline energy consumption (Table B.2.). Energy savings range from 19.6% of baseline to 28.7% 
with a floorspace weighted average of 26.2%. 

Annual institutional buildings sector energy cost savings can be estimated from the annual energy 
savings using the first year heat price of $22. These data are presented in Table D. 12 by building type, 
vintage, and size. The majority of savings are in the building types schools and kindergartens, which 
dominate the buildings included in this analysis on the basis of floorspace. Table D. 13 summarizes the 
efficiency potential estimates by building category, and also shows the fractional contribution of each 
building category to the total energy savings. 
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Table D.lO. Energy Savings (GcaVyear) 

Institutional Building 
Owner and Category 

Municipal Dept. of Health 
Hospitals 
Polyclinics 

Efficiency Potential of Buildings by Vintage and Size (GcaVyear) 
Pre-1958 1958-1980 Post-1980 Total Efficienr 

Q Stories 3-4 Stories >4 Stories 0 Stories 3-4 Stories >4 Stories 0 Stories 3-4 Stories >4 Stories Potential 

2,923 2,432 644 953 4,702 13,790 793 795 13,393 40,426 
1,024 41 1 55 446 3,379 713 191 2,878 6,876 15,974 

Total 
I I I I I I 

378,236 



Table D.l l .  Percentage Energy Savings 

Institutional Building 
Owner and Cate 

P - 
P 



Table D.12. Energy Savings ($/year) 

Value of Efficiency E 
Pre-1958 

Institutional Building 
Owner and Category 0 Stories 3-4 Stories >4 Stories 0 Stories 

Municipal Dept. of Health 
Hospitals 65,920 54,839 14,529 21,486 
Polyclinics . 23,098 9,276 1,234 10,055 
Administration 13,812 1,787 2,228 12,369 
Subtotal 102.830 65,903 17,990 43,910 -~ 

It I I I I 

I I I I 
Municipal Dept. of Ed. . I I I I 11 Kindergartens I 40,401 I 1,204 I 0 I 1,172,226 - 

Schools 9,657 40 1,192 0 22,412 
Subtotal I 50,058 402,396 0 1,194,639 

I 

I 

Total 

Efficiency 

106,029 310,969 17,893 17,934 302,015 911,613 
76,198 16,086 4,307 64,893 155,063 360,211 
10,066 18,463 3,257 7,215 93,532 24,335 

192,292 345,5 18 25,457 90,042 48 1,4 13 1,365,355 

0 0 592,124 134,769 0 1,940,725 
1,638,873 0 20,255 812,167 0 2,904,557 
1,638,873 0 612,379 946.936 0 4.845.282 

0 0 0 0 5,068 64,848 
0 20,424 3,566 2,919 0 53,892 
0 20,424 3,566 2,9 19 5,068 118,740 

8,528,477 



Table D.13. Institutional Buildings Sector Efficiency Potential 

Building Type 
Hospitals 
Polyclinics 
Administration 
Kindergartens 
Schools 
Higher Education 

IlHostels 

Efficiency Potential Efficiency Potential Fraction of Total 
(thousand Gcal) (%/year) Savings (YO) 

40 91 1,613 10.7 
16 360,2 1 1 4.2 
4 93,532 1.1 

86 1,940,725 22.8 
129 2,904,557 34.1 
64 1,435,655 16.8 
34 I 763,446 I 9.0 
3 64,848 0.8 
2 53,892 0.6 

378 8,528,477 100.0 

D.3.2 Residential Sector 

Table D. 14 presents the cost-effective efficiency potential in the residential buildings sector by 
building prototype, both in Gcal and annual cost savings based on the first-year heat cost. 

Table D.14. Residential Building Sector Efficiency Potential 

Efficiency Potential Efficiency Potential Fraction of Efficiency 
Building Type (thousand Gcal/year) (million %/year) Potential (%) 
2-story 45 1 11.3 14.8 
5-StOry 873 21.8 28.7 
9-StOry 1,070 26.8 35.2 
I4-StOry 645 16.1 21.2 
Total 3,039 76.0 100.0 
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Appendix E 

Investment Requirements 

E.1 Introduction 

The investment requirements for the retrofit measure packages are estimated from the installed costs 
presented in Appendix C and the floorspace estimates described in Appendix A. This appendix contains 
a discussion of the estimated investment requirements for both the institutional and residential sectors. 

E.l.l Institutional Sector 

The total investment requirements estimated for the prototype buildings for the institutional sector 
are shown in Table E.l by building category, vintage, and size. Using the prototype building floorspace 
data, these values can be converted to estimates of investment requirements per square meter of 
floorspace. These estimates are presented by building category, vintage, and size in Table E.2. Finally, 
per-square-meter investment levels are used in conjunction with floorspace estimates from Appendix A 
(Table A. 1) to estimate total institutional sector investment requirements. These data are presented in 
Table E.3 along with the total investment requirements by building category, and the total investment 
requirements for the institutional buildings sector. c J 

Institutional buildings sector investment requirements are driven by the substation controller 
retrofits, which represent about half of the total investment. The second most expensive ECO is 
generally hot water heat exchangers; however, the per building cost of hot water heat exchangers is a 
strong function of building type. Heat meters, which are installed in all buildings, add an additional 
$3,000 per building to the investment requirements. 

Investment requirements by building category are summarized in Table E.4. Total institutional 
sector investment requirements are $3 1.1 million for 7.2 million square meters of floorspace, reflecting a 

tive package of ECOs that meet the 5-year simple payback investment requirement at $22/Gcal for heat 
costs. The total institutional sector investment represents the investment needed to retrofit only that 
fraction of the institutional floorspace found to be suitable for inclusion in the World Bank loan package. 
While additional institutional building floorspace exists, the budget structure and ownership/operation 
status for these buildings was not considered suitable for inclusion in the loan package. 

a floorspace weighted mean investment level of $4.3 l/m*. This investment level reflects a fairly conserva- 
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Table E.l. Institutional Building Sector Investment Requirements per Building 
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Institutional Building 
Owner and Category 

Municipal Dept. of Health 
Hospitals 
Polyclinics 
Administration 

n 

Investment per Square Meter of Buildings by Vintage and Size ($/m’) 
Pre-1958 1958-1980 Post-1980 Weighted Average 

Investment Level 0 Stories 3-4 Stories >4 Stories -3 Stories 3-4 Stories >4 Stories -3 Stories 3-4 Stories >4 Stories 

8.59 6.43 6.43 6.49 6.49 4.75 6.49 4.56 4.56 5.45 
8.30 8.30 8.30 5.85 5.85 4.87 5.85 4.87 4.45 5.29 
9.20 9.20 9.20 8.87 4.63 4.63 8.87 4.63 3.96 6.2 1 

Table E.2. Institutional Building Sector Investment Requirements per Square Meter 

. _ _ ~ ~ ~ ~  
I 

Education Buildings 4.56 4.56 4.56 I 4.63 4.63 3.41 4.54 4.54 3.34 3.92 I 
m Hostels 4.77 4.77 4.77 I 4.77 4.77 4.22 4.77 4.37 

Municipal Dept. of Culture 
Theaters 5.23 5.23 6.29 
Art GalleriesMuseums 7.42 5.97 5.97 4.82 6.50 6.50 

5.45 5.32 
6.08 

All Buildings 4.3 1 I I I 



Table E.3. Institutional Building Sector Total Investment Requirements 

Institutional Building 
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Table E.4. Institutional Buildings Sector Investment Requirements 

Building Type 
2-story 
5-StOry 
9-StOry 
14-StOry 
Total 

E.1.2 Residential Sector 

Investment Requirements ($) 
Per Building Per mz Total (millions) 

6,044 13.49 64.9 
32,626 4.08 68.7 
36,844 6.64 11 1.8 
35,102 4.08 39.2 
3 1,939 5.92 284.5 

The investment requirements for the residential sector are shown in Table E.5 by building category. 
Residential sector investment requirements are more than an order of magnitude greater than institutional 
sector requirements, due to the large amount of floorspace in the residential sector. As with the 
institutional buildings sector, substation heat controllers are one of the largest investment requirements, 
accounting for 30 to 40% of the total investment. The per building cost to install apartment-level heat 
meters is comparable to the substation cost, however, accounting for about one third of the total 
investment. Building heat meter costs are again estimated at $3,000 per building. 

Table E.5. Residential Building Sector Investment Requirements 
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C Appendix F 

Review of Literature 



Appendix F 

Building Height 
1-2 Stories 
3-4 Stories 
>5 Stories 

Review of Literature 

Existing Buildings (W/m’) 
No Efficiency Improved Efficiency New Buildings 

208.2 196.8 168.8 
120.6 1 14.2 93.4 
81.8 77.8 76.2 

Four studies that focused some or all of their effort on the buildings sector were reviewed. Key find- 
ings of each pertaining to the buildings sector are presented in this section. 

Of the four, the TACIS report, provides the most comprehensive assessment of efficiency potential. 
Information in all the reports focused on ‘the residential buildings sector, but the combined information 
was helpful in developing the institutional sector efficiency potential in this assessment. Major findings 
of the studies are discussed below. 

F.1 Feasibility Study for Heat Supply and Energy Efficiency Project Kyiv, 
Ukraine (Ekono Energy 1996) 

In the Ekono Energy report, the absence of heat meters required that design data be used to estimate 
heat consumption. A number of standards and regulations were used to develop the following per- 
square-meter design estimates in W/m2 for Kyiv: 

Of the total 1995 building sector heat demand of 7412.1 Gcal/hr (8620.2 MW), it was estimated that 
2406.7 Gcalhr (2799 MW) were accounted for by public buildings and 5005.4 Gcal/hr (5,821.3 MW) by 
residential buildings. The total energy, 6298 Gcal/hr, was used for heat and ventilation, and 
1 1 14 Gcal/hr was used for hot water. The information was provided in terms of peak demand (Gcalhr), 
not in terms of calories of consumption. 

The discussion focused mainly on the residential sector. It was estimated that there was 48.6 million 
square meters of residential floorspace in Kyiv in 1995. 

With respect to heat loss, the following information was provided. A value of 1 .O W/m*K (U-value) 
was used for calculating heat loss through walls. This value was felt to accurately reflect the properties 
of older brick and concrete construction and the deteriorated condition of sandwich wall construction, 
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which theoretically has a heat loss coefficient as low as 0.3 W/m2K (U-value). Ground floor and roof 
heat losses were felt to be much higher than the theoretical values 0.7 and 0.6 to 0.8 W/mZK. The 
assumed U-value of 2.3 W/m2K of windows was also felt to be much higher due to infiltration around the 
frames. In addition to infiltration around door frames, closing mechanisms often do not work properly. 

Domestic hot water consumption was estimated in the range of 70 to 80 dm'/personIday 
(liters/person/day), rather than the design value of 105 to 1 10 dm3/person/day. Heat is usually distributed 
through radiators at a design temperature of 95/7OoC (1  O5/7O0C in some cases), and there is an absence 
of controls. In recent years the supply temperature of water has been lower so overheating has not been 
common. 

A number of energy conservation measures were discussed. Control measures included building and 
radiator-level heat controls, and building-level hot water controls. Other measures were balancing valves 
(risers), pipe insulation, wall insulation, and weatherstripping. Estimates of the reduction in energy 
consumption were provided for some of the measures as follows: 

Controls 
Building Level I5-20% 
Hot Water N/A 
Thermostatic Valves N/A 
Balancing Valves 5 7 %  
Pipe Insulation NIA 
Wall Insulation 15% 
Weatherstripping NIA 

Pipe insulation and weatherstripping were estimated to have short paybacks, while wall insulation 
was expected to have long paybacks, though these values were not quantified. 

The annual theoretical heat consumption per cubic meter is estimated to be 140.56 kWh, and the 
actual heat consumption per cubic meter in 1995 is estimated to have been 94.87. This compares to the 
actual 1994 per cubic meter consumption in Finland of 45.5 kWh. Data from the TACIS report estimates 
annual per cubic meter building sector consumption of 110 to 280 kWh in Kyiv. Annual values provided 
for the Czech republic ranged from 100 to 130 kWh and 80 kWh for Switzerland. 

The building sector efficiency potential was felt to be small in view of the current prices and econ- 
omic situation. Controls are felt to be the most economically attractive measures, providing significant 
reductions in energy consumption, but only modest reductions in capacity. It was estimated that reduc- 
tions in peak capacity requirements of 2 to 4% could be achieved from a buildings sector efficiency 
program. 
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F.2 Ukraine District Heating Project (JTC 1996) 

Hot Water 1,101 1- Peak Demand by Customer Class Peak Demand (Gcal/hr) 
Industrial 

Steam 
Hot Water 

Buildings 
Total 

1,520 (2,535 tons/hr) 
3,465 
7,155 

12,140 

4 

The Joseph Technology Corporation report includes information on the distribution of nonresidential 
buildings and an estimate of the number of residential buildings (33,320) and apartments (889,440). 
Residential floorspace is estimated at 49 million m2, with 10% in buildings of 1 to 4 stories, 70% in 
buildings of 5 to 9 stories, and 20% in buildings having more than 9 stories. Projections of population 
and living space per person are provided: 1995 population of 2.7 million and 18 m2 per person; 2010 
population of 3.052 million and 22.7 m2 per person. 

Peak demand for the building sector was estimated for 1995 as follows: 

II 1 Peak Demand (Gcallhr) 11 
11 Heating I 5,472 II 
II Ventilation I 58 1 II 

Forecasts of heat demand are provided for the industrial and buildings sectors. Peak demand is 
projected to increase from 12,140 GcaVhr to 1 7,290 Gcal/hr. 

A number of residential buildings sector efficiency measures were discussed. These were 

0 External Insulation. Apply polystyrene panels to increase the R-value to 1 1 or 12. The estimated 
cost is $6/fi2 or $2,50O/apartment. 

0 Windows. Install double or triple panes and use caulking and weatherstripping. The estimated cost 
is $2,00O/apartment. 

0 Weatherstripping. The estimated cost is $50/apartment. 

0 Thermostatic Valves. The estimated cost is $150/apartment. 

0 Heat Meters. The estimated cost is $1,500 per apartment building. 

Domestic Hot Water Taps. The estimated cost is $20/apartment. 
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0 Heat Supply Substations. Substation modernization is estimated to be $32,40O/substation. 

The total estimated cost for 33,320 buildings, 888,440 apartments, and substations at 50% penetra- 
tion (16,700 buildings, 1,125 substations, and 445,000 apartments) is $2,172.3 million. Analysis 
indicates that supply-side measures are a more cost-effective option than demand-side measures, but a 
5 to 6% reduction in peak demand is considered in the analysis. 

F.3 Energy Policies of Ukraine (IEA 1996) 

This report provided an overview of the entire energy sector of Ukraine, which includes technical 
and policy recommendations. Only those sections that pertain to the technical analysis of the buildings 
sector are discussed in this review. 

The average energy expenses for a typical family of four in Kyiv is estimated as follows: 

Central (district) Heat 
Hot Water 
Gas (for cooking) 
Electricity 
Total Monthly Energy Bill 
Average Monthly Earnings 

1.4 million KRB ($8.00) 
1.6 million KRE3 ($9.14) 
800,000 KRB ($4.57) 
(180 kWh) 900,000 KRE3 ($5.14) 
4.7 million KRB ($26.85) 
14 million KRB ($80) 

The source for these figures is the Ukrainian Academy of Sciences. 

Theoretical heat demand using present building standards is 9.3 MWh/yr for an apartment with net 
living area of about 60 m2 (71 m2 gross). Actual consumption is estimated to be 14 to 16 MWh/yr. 

Factors that bear upon household implementation of efficiency measures are 

0 households are not billed for actual consumption, hence they have no incentive to conserve 

0 households do not have sufficient information about efficiency measures 

0 equipment/materials are expensive and sometimes difficult to obtain. 

Building standards, if enforcement and education were provided, would bring new housing up to 
'Western European levels of consumption. Appliance labeling, scheduled to be implemented in 1996, 
would also be expected to improve energy efficiency. 
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The report notes that the tariffs for district heat are based on production and transmissions costs. 
Production costs factor in fuel and operating expenses, but not depreciation expenses. Transmission 
costs are calculated to cover losses of 7%; losses are estimated to range from 10 to 15%. These tariffs 
are subject to approval by Regional Energy Committees and according to guidelines set by the Ministry 
of Economy. Tariffs are higher for industrial customers than for residential customers, and the Ministry 
of Economy provides a subsidy to apartment or homeowners. The average heat tariff is about $2.60/GJ, 
about half the economic level. A World Bank estimate is that the marginal cost of heat from a coal-fired 
plant is about $1 O/GJ with 10 to 15% transmission losses. 

r 

c 

In Kyiv, residential customers are estimated to account for about two-thirds of district heat supplied, 
and the hot water to steam ratio is 85: 15. Average consumption is estimated at I .7GJ/m2/yr as compared 
to about 0.7 to 0.75 GJ/m2/yr for countries such as Denmark, Belgium, and Finland. 

Transmission and distribution losses are estimated to be 17%, and water losses are estimated to 
surpass 3% in some hot water systems and 5 to 10% in steam systems. 

District heat is usually billed on estimated consumption, and legislation is calling for installation of 
heat meters so consumers can be charged for actual consumption. 

Water consumption is estimated to be 328 liters/day.as compared to about 150 to 240 liters/day in 
industrialized countries. 

The average cost of water and heat meters is about 700 million KRB per building, and these meters 
are expected to reduce consumption, by about 15 to 20% initially and 35 to 50% in the longer term. 

Retrofits to provide for metering and control of heat in apartments would require the installation of 
thermostatic valves, bypasses, and throttle valves. This retrofit is estimated to cost $300/apartment. 

F.4 Study of the Potential for Developing Actions to Improve the Overall 
Energy Efficiency in the Building Sector in Ukraine (TACIS 1994) 

The TACIS report presents an assessment of potential energy efficiency measures for buildings in 
Kyiv and the expected energy savings from these measures. 

1 

The report provided an extensive discussion of the physical characteristics of the measures, their 

the human resources available as well as an estimate of the quantity of labor required. An extensive 
discussion was also provided for the domestic production of insulation and glazing. 

. installation, and implementation in existing and new buildings. The implementation discussion included 
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Measures evaluated were 

Temperature Controls. This consisted of three measures for near-term implementation and two 
measures for the longer term: 

1. 

2. 

3. 

4. 

5 .  

Control indoor temperature at 18”C, and balance system through installation of thermostatic 
bypass valves at the radiator and balancing valves in the vertical lines. 

Employ night and weekend setback in public buildings. 

Install building-level heat meters to enable billing for actual heat consumption. 

Install hot water circulation pumps and heat exchangers with temperature controls in place of the 
existing “venturi” systems. 

Install balancing valves on the building inlets. 

Insulation. This consisted of two classes of measures. 

1. Insulate exterior walls, roofs, and attics. 

2. Weatherstrip windows and .doors. 

The study selected a sample of 3 1 buildings: 18 residential, 3 office, 3 education, 2 hotel, 1 cultural, 
1 sport, 1 retail, and 2 other. A number of measures were analyzed by computer analysis, and two 
residential buildings and the serving substation were metered from 15 October to 15 December 1993. 
Estimates of the achievable reduction in space heating energy were evaluated for thermostatic regulation, 
thermostatic regulation with setback, thermostatic valves with setback and wall and roof insulation, and 
thermostatic valves with setback and wall insulation (note the setback applied only to the nonresidential 
buildings). The efficiency improvements using an 1 8°C base temperature yielded savings as follows: 

I Range I Average II 
Thermostatic Regulation 14-25% 18% 
Thermostatic Regulation with Setback 44-53% 5 0% 

Thermostatic Regulation with Setback and Wall Ins. , 20-70% 
Thermostatic Regulation with Setback and W/R Ins. 17-70% 

An economic analysis was conducted for nine of the residential prototypes and one office building. 
The economic analysis also provided an estimate of the quantities and costs of equipment, materials, and 
labor. Using a heat price of $14.25/MWh, the analysis showed that temperature controls had a payback 
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ranging from 0.9 to 5 years, and that the addition of wall and roof insulation increased the payback 
beyond 5 years for all building types and up to 26.1 years. The office building with setback controls 
exhibited the shortest payback. 

Recommendations were to install regulation equipment on existing buildings. A similar set of 
measures was examined for new buildings, and both insulation and regulation were generally found to be 
cost-effective. The energy gains in existing buildings due to regulation and insulation were twice as 
much as for regulation alone; in new buildings the energy gains were found to be three times that of 
regulation alone. 

Estimates of the efficiency potential were developed for Kyiv; these ranged from a low of 20% 
(987,350 MWh/yr) to a high of 55% (2,858,600 MWh/yr). 

Domestic manufacture of certain equipment/materials was also assessed for insulating materials, 
glazing materials, and heat regulation equipment. For each, an estimate of the market size was made 
along with the necessary investment and associated level of employment. 
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