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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 measuresin 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 potentia of the ingtitutional buildings sector in Kyiv. Results of this
assessment would support aloan by the World Bank for implementing an ingtitutional buildings sector
efficiency improvement program in Kyiv.

This report documents the assessment of the ingtitutiona 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. evauation of the ingtitutional sector building stock in Kyiv, estimation of heat energy
consumption in this building stock, and assessment of the cost-effective energy efficiency potentia through
retrofits to the buildings.

Buildings suitable for inclusion in a potentia 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 atotal of 6 million square meters of floorspace. There are an
estimated 339 healthcare buildings having about 1 million square meters of floorspace. Forty three cultura
buildings were aso included in the survey with atotal of 113 thousand square meters of floorspace. Total
floorspace included in the survey for the institutional sector is 7.2 million square meters.

Of 17.7 Gcd 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%,
ingtitutional sector 16%, and commercia sector 16%. Although aliterature review and professiona
experience indicate these estimates to be reasonable, uncertainty is high for these estimates. Of the
ingtitutional buildings included in this assessment, the educationa 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 smple payback. The measures include insulation (exterior,
roof, atic, 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 smple payback, internal rate of return, and net present
value.



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 potentia of 26% for dl buildings. The
investment levels associated with the efficiency improvements range from $3.47 per square meter for
schools to $6.21 per square meter for hospital administration buildings, or a weighted average investment
of $4.31 per square meter. Thetotal cost to install the efficiency measuresis $31.1 million.

Asaresult of energy efficiency improvements, a reduction in energy bills of $1.7 million is estimated
in the first year, increasing to over $9 million annualy when the installation of efficiency measuresis
completed in the fifth year of the program. In addition to energy use reductions, annua emissions are
expected to be reduced as follows: 332 metric tons of NOy, 232 metric tons of SOy, and 85,427 metric
tons of CO,. None of the measures considered are expected to have negative health impacts or other
environmenta impacts.
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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 measuresin 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 potentia of the ingtitutional buildings sector in Kyiv. Results of this
assessment would support aloan by the World Bank for implementing an ingtitutional buildings sector
efficiency improvement program in Kyiv.

This report documents the assessment of the ingtitutiona 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 therma distribution system) were conducted
by Joseph Technology Corporation (JTC 1996) and Ekono Energy (1996), respectively.

1.1 Scopeand 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
municipa ingtitutional buildings in the city of Kyiv. The assessment involves three activities. Thefirstisa
survey of state and municipal ingtitutions to characterize the stock of ingtitutional 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.

Ingtitutiona buildings are defined as nonresidentia buildings owned and occupied by state and
municipa organizations. Genera categories of ingtitutional buildings are education, hedlthcare, 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 floorspace
under their subordination. These organizations include the Municipa Department of Hedlth, 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 municipa organizations.
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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 smple payback of 5 years or less. The economic analysis aso examines the costs
from net present value (NPV) and internal rate of return (IRR) standpoints. The efficiency potential is
devel oped to provide estimates of the reduction in total annua 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 potentia 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 anaysis of the
efficiency resource. Secondary economic impacts include employment, balance of payments, and
potential domestic manufacture of equipment and materials. Environmental impacts include reductions
in emissions and worker exposure to hazardous materials.

- Chapter 5 contains a summary and conclusions.
Appendix A describes the stock of ingtitutional 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 investment
requirements. Appendix F isareview of the literature. These appendices are referenced in the applicable
chapters.

1.3 Study Participants

PNNL, one of DOE's five multiprogram research laboratories, conducts a significant number of
programs in the area of energy efficiency and integrated resource planning. PNNL's Advanced Inter-
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national Studies Unit (AISU) conducts research on globa climate change and manages cooperative
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 mgority 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 residentia 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
ingtitutional 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 basgline space heat and hot water energy provided to each building sector by the district
heeting system.

2.1 Sector and Subsector Definitions

Three building sectors were defined in thisandysis: inditutiond, residential, and commercia. 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 ingtitutional and commercia 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 ingtitutional 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 architectura styles and building codes that
impact the therma 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 residentid buildings the categories are 1 to 4 story
buildings, 5 to 9 story buildings, and buildings 10 stories and greater. The ingtitutiona and residential
building sectors are described in more detail below.

2.1.1 Institutional Sector

The characterization of the institutiona buildings sector was developed by surveying the state and
municipa organizations that own and occupy buildings in this sector. More detailed information on the
dtate and municipal organizations surveyed for the information in this section is presented in Appendix A.
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Institutiona buildings are defined as nonresidentia buildings owned and occupied by state and

municipa government organizations. There are three types (subsectors) of ingtitutional buildings:
healthcare, education, and cultural. Each of these typesis described below.

Healthcare

Hedthcare buildings include only those buildings under the direction of the Municipa Department of

Health and the Ministry of Health. There are a number of healthcare facilities under the direction of other
organizations. The mgjority of buildings in the survey are owned by the Municipal Department of Hedlth.

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

- Hospitals. Hospitals provide in-patient care and medical services. In-patient hospitals are widely
digtributed 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 isin 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. Polydlinics provide out-patient medical services. Polyclinics are widdy 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 isin the categories of 3 to 4 story polyclinics built
between 1958 to 1980 and after 1980. There are atotal of 110 buildingsin this category.

- 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.

- Other Healthcare Buildings. Though there are alarge number of “other” healthcare-related build-
ings (136), they represent only 6% of the total healthcare floorspace. In addition, 64 buildings that are
not primarily dedicated to hedthcare have some floorspace used for healthcare activities. Again, this
floorspace represents a small fraction of tota 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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- Kindergartens. Public kindergartens serve a broader function in Ukraine and many other Eastern
European countries than in the United States. After childbirth, mothers are alowed paid leave
(currently 3 years, previously 1.5 years) to care for their child. An additional unpaid leave of the same
duration is aso available if they choose to remain in the home, with a guarantee of their old job when
they return. Kindergartens thus serve a preschool/daycare 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 residentia districts. In total there are approximately 600 state-owned kindergartensin
Kyiv, al of them less than 5 stories high. More than haf of the buildings and floorspace were built
between 1958 and 1980 and are 1 to 2 stories high. The bulk of the remainder are lso 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 dso less than 5 stories, with the mgjority (94%) being 3 to 4 stories high.
About haf of the buildings were constructed between 1958 and 1980. Along with buildings
constructed since 1980, there is aso a Sizable population of pre-1958 buildings. Schools are the largest
singleingtitutional building category in the survey, by area, comprising about 2.8 million square meters
of floorspace.

- Higher Education. This building type includes technica ingtitutes 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 isin the post-1980 category. This floorspace is accounted for by
19% of the buildings, reflecting a trend toward larger buildings in this period.

- Hostels. The Ministry of Education aso operates a significant number of resdentia 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 cultura 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.

- Art GalleriessMuseums. Information was collected for 31 art galleries and museums. About 84% of
these (26) are of pre-1958 construction.

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

Institutional Buildings Number of Floor space
Subsector Type Buildings (m?)
Healthcare Hospitds 160 637,125
Polyclinics 110 203,867
Administration 69 92,245
Education Kindergartens 600 1,312,326
Schools 339 2,804,268
Higher Education 174 1,228,765
Hostels 133 730,614
Culturd Theaters 12 48,043
Art GalleriessMuseums 31 65,358
Total 1,678 7,212,611

2.1.2 Residential Sector

The characterization of the residential sector building stock in Kyiv is derived primarily from a report
on building sector efficiency potentia 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. Tota estimates of residential floorspace for the past 16 years are presented in Table 2.2.

Table 2.2. Residentia Buildings and Floorspace®

Floor space
Year Number Dwellings | Average Area (m?) (million m?)
1980 620,400 534 33.1
1985 701,300 54.4 38.1
1990 807,300 4.0 436
1991 (b) (b) 44.5
1992 (b) (b) 45.5
1993 (b) (b) 46.3
194 (b) (b) 47.2
1995 (b) (b) 48.1
19% 839,400 55.1 49.0
(a) Estimatesfor 1980-1990 are from TACIS (1994). Total floorspace estimates from 1991-1996 are from
Ekono Energy (1996). Number of dwellingsin 1996 isfrom JTC (1996). Averageareain 1996is
estimated from the total floorspace and number of dwellings and is consistent with the trend toward
larger apartments.
(b) Nodataavailable.
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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

resdential housing sector describe, to alarge degree, the residential sector demand on the district heating
system.

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

- 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 1917 61%
constructed from 1917-1961 34%
constructed after 1961 5%

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

constructed before 1961 0%
constructed from 1961-1975 31%
constructed after 1975 6%

Multifamily residentia buildings can aso be described according to the number of building stories,
which has a strong correlation with therma 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 afirst order approximation of the residential buildings efficiency
resource because it is not the focus of this assessment.

2.2 District Heat System Overview

The digtrict 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 theriver. The layout of the six heating regionsis shown in
Figure 2.1. The two planned regions are to the south of region 6.
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SERTOTO0ST 2
Figure 2.1. Didtrict Heating Regionsin 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

Sour ce Gceal/Hr MW %
Kievenergo 5,667 6591| 60.1
Kyiv Municipa District Hegting Company 511 54 54
Akademtepl oenergo 250 291 2.7
Industrial Boilers 2,221 2583 235
Other Boilers 783 911 8.3
Total Capacity 9,432 10,969 100

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 Municipa 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. Industrial
boiler capacity also includes 1,601 Gcal steamvhour, 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 aso 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 aso 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.

Buildings operators purchase heat from the system based on estimated consumption rather than actua
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 periodsin
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
aso resultsin poor heeat 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 estimates,
which are developed from a combination of simulation modeling estimates, actua system performance
data, and design performance estimates. Efficiency potential is expressed as a percentage of this
basdline. Because of this, the magnitude of the basdline energy consumption plays a critical rolein 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 actua 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 flowsin 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
(usudly given as Geal/hour). 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 consump-
tion 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. Vaues used to generate Figure 2.2 are shaded in the respective tables.

Fuel consumption (Table 2.4) is presented only as the city-leve tota, 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 fue 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 hest-only boiler plants and individua hest 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 Geal) is split into commercial and ingtitutional sectorsin Figure 2.2.
Because there is no actua data on energy consumption in public buildings, this vaue is split evenly
between the two sectors. The estimated energy consumption of 1.1 Geal for education, cultural, and
hedlthcare 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
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Table:2:4. Bstimated.Fuel Consumption (thousand Geal) by District Heat Suppliers in Kyiv, 1995

Estimated Fuel Consumption By Heat Suppliers

Consumer Groups TETS® Heat-Only Boiler Plants Industrial
Boiler Plants
and Individual | Total for
Kievenergo Akademteploenergo Kievzhilteplokommunenergo Heat-Only Total for | Secondary Heat All
Boiter Plants | Heat-Only Energy Generators | Suppliers
District District | Other District Other of Other Boiler Resources
TETS® | Boiler Total | Boiler [ Boiler | Total | Boilet Boiler | Total Owners Plants (SER) .
Plants " | Plants Plants Plants Plants
2 3 4 5 6 7 8 9 10 11 12 13 14 i5
Residential | Totalincl: 8,845 4,576 13,422 266 153 419 105 1,360 1,465 2,142 17,447 382 784 18,613
and Public Residential 6,115 3,164 9,279 167 87 254 87 773 860 1,177 11,570 284, 763 12,617
Sector Public 2,730 1,412 4,142 98 96 165 17 587 604 965 5,876 98 21 5,995
Industry Water 2,075 1,073 3,148 151 2 153 - 20 20 31 3,353 5,991 - 9,344
Steam 602 - 602 - - - - - - - - 6,267 - 6,869
Total for Electricity 7,471 - 7,471 - - - - - - - - - - 7,471
Total for Heat 11,522 5,650 17,172 417 156 572 105 1,380 1,485 2,173 20,800 12,640 784 34,827
Total for All Consumers 18,993 5,650 24,643 417 156 572 105 1,380 1,485 2,173 20,800 12,640 784

(a) TETS refers to combined heat and power plants.

Total fuel use estimates for Kievenergo and Kievzhilteplokommunenergo from Ekono Energy (1996). Sector splits for Kievenergo from Ekono Energy (1996) and for Kievzhiheplnkorhmunenergo from

capacity 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
electricity estimated from electricity supply data and Kievenergo estimates of 1996 heat rate (JTC 1996).




Table 2.5.: Estimated Heat.and Electricity Supply.(thousand Gcal) to the District Heating System in Kyiv, 1995

Estimated Heat and Electricity Supply by Heat Suppliers
Consumer Groups TETS® Heat-Only Boiler Plants Industrial
Boiler Plants
and Individual | Total for
Kievenergo Akademteploenergo Kievzhilteploke 80 Heat-Only Total for } Secondary Heat All
Boiler Plants | Heat-Only Energy Generators Suppliers
District District | Other Distict | Other of Other Boiler | Resources
TETS® Boiler Total Boiler Boiler Total Boiler Boiler Total Owners Plants (SER)
| Plants Plants Plants Plants Plants
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Residential Total incl.: 7,804 4038 | 11842 | 234 135 370 89 L1s4 | 1243 1,890 15,344 337 692 16,373
and Public Residential 5,395 2,791 8,187 147 77 224 74 656 730 1,039 10,180 251 673 . 11,103
Sector Public 2,409 1,246 3,655 87 59 145 15 498 513 851 5,164 86 19 5,269
Industry Hot Water 1,831 947 2,718 133 2 135 0 17 17 27 2,958 5,286 0 8,244
Steam 512 . 512 - - - . . - - . 5327 . 5,839
Total Electricity (Gwh) 5,049 - 5,049 - c - - - - - - - - 5,049
N Total ElL (thousand Geal) 4,341 - - - - - - - - - - - 4,341
— Total Heat (thousand Geal) 10,147
i a) TETS refers to combined heat and power plants.

lHeat production for Kie'venergo and Kievzhilteplok go esti d 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 (Gcal/hour) from Ukrenergoprom. Electricity production from
Kievenergo data (JTC 1996).
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Table 2.6..Estimated Heat and Electricity Consumption (thousand:@eal) from the District Heating System in Kyiv, 1995

Estimated Heat and Electricity Consumption
Consumer Groups TETS® Heat-Only Boiler Plants Industrial
Boiler Plants
. and Individual Total for
Kievenergo Akademteploenergo Kievzhilteplokommunenergo Heat-Only Total for | Secondary Heat All
Boiler Plants | Heat-Only |  Energy Generators | Suppliers
District District | Other District | Other of Other Boiler | Resources
TETS® Boiler Total Boiler Boiler Total Boiler Boiler Total Owners Plants (SER)
Plants Plants Plants Plants Plants
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Recidential Total incl.: 6,243 3,230 9,473 187 108 296 7t 923 994 1,512 12,275 269 554
and Public Residential 4,316 2,233 6,550 118 61 179 59 525 584 831 8,144 201 538
Sector Public 1,927 997 - 2,924 69 47 116 12 398 410 681 4,131 69 15
Industry Hot Water 1,464 758 2,222 107 2 108 - 14 4 22 2,366 4,229 -
Steam 410 - 410 . - - - - - - - - -
Total Electricity (Gwh) 4628 - 4628 - - - - - - - - - -
Total El. (thousand Gceal) 3,979 - 3,979 - - - - - - - - - -
Total Heat (thousand Geal) 8,117 3,988 12,105 294 110 404 71 937 1,008 1,534 14,641 4,498 554
(a) TETS refers to combined heat and power plants.
Heat supply estimated from heat production assuming 20% losses of heat and steam in the transmission and distribution system (Ekonon Energy 1996), and ing electricity tr ission losses of 8.3% based on
Kievenergo data (JTC 1996). .
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Figure 2.2. Egtimated Energy Flow of Kyiv District Heating System (million Geal), 1995

(1996). Energy flows for Kievenergo are distributed by building sector according to building sector shares
given in Ekono Energy (1996), 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
suppliersis back-cal culated based on an estimated boiler performance of 88%, the approximate value for
Kievenergo boilers (Ekono Energy 1996; JTC 1996).

Heat supply to buildingsis 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 valuesin Kievenergo documents® (13%)
presented in Joseph Technologies (JTC 1996). These values appear low considering the poor condition of
the transmission and distribution system. Thisisillustrated 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 Energy

(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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1996). By comparison, Ekono Energy cites norma 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 eectricity by combined
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 eectricity supply is estimated assuming 8.3% transmisson
losses, aso from the same source.

Annual energy-flow estimates shown in Figure 2.2 are based on actua conditionsin 1995, and hence
cannot be compared directly with annua 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 thisratio, the total residential sector heat supply (1995 actual) of 8,883 Ged (Table
2.6) leads to an estimated 12,084 Gced in normal supply conditions. This vaue can be compared to the
Ekono Energy and Ukrenergoprom estimates of 11,314 and 15,080 Gcal, respectively. By comparison,
estimated heat consumption based on design data and residentia floorspace datais 11,685 Gea (see Table
2.6 and Appendix B for derivation of this estimate).

Including energy used in the production of eectricity, Kievenergo accounts for 58% of the total
42.3 million Gedl of fuel consumption. After conversion losses, this amounts to a production of 24.6 million
Gcal of hot water, 5.9 million Geal of steam, and 4.3 million Geal (5049 GWh) of eectricity. Tota supply
of heat energy after transmission and distribution losses is 24.8 million Geal, of which 47% is for industry
(including hot water and steam), 36% for residentia buildings, and 17% for ingtitutional and commercia
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 ingtitutional and commercia
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 valuesin 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 valuesin
Figure 2.2 by 0.74.
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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
subsector, and a sample of metered information taken in December of 1996. Additiona detail on the
estimation of ingtitutional 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. Ingtitutional sector energy use is dominated by education, which has the largest
amount of floorspace.

Table 2.7. Indtitutional Sector Basdline Heat and Hot Water Energy Consumption
Supplied by Digtrict Heat

Institutional Buildings Baseline Energy Use
Subsector Type (thousand Gcal)

Healthcare Hogpitals 157
Polyclinics 59
Adminigtration 16

Education Kindergartens 329
Schools 470
Higher Education 240
Hogtdls 154

Cultura Theaters 10
Art Galleries’Museums 12

Total 1,446

Residential Sector

The baseline heat consumption estimates for the residentia sector are based in part on anaysis con-
ducted for arecent World Bank report (World Bank 1996) and in part on arecent study conducted in the
Czech Republic (PNNL 1996). Additional detail for the residential sector baselineislocated in Appendix
B.

The estimates of residential sector heat and hot water consumption are shown by building typein
Table 2.8. Thetotal energy use estimate closely approximates the value of 8.9 Geal as shown in
Figure 2.2 adjusted by the factor 0.74. Residential sector energy useislargest in the 5 and 9 story building
types, which dominate total floorspace. Five story buildings also have arelatively high estimated specific
energy use.
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Commercial Sector

No attempt was made to characterize the commercia sector building stock. Baseline energy con-
sumption by this sector is estimated to be 2.8 million Gea annualy based on the valuesin Figure 2.2 and
the adjustment factor of 0.74.

Table 2.8. Residential Sector Baseline Heat and Hot Water Energy Consumption
Supplied by District Hest

Baseline Energy Use

Building Type (thousand Gcallyear)
2-story 2,569
5-story 3545
9-story 3545
14-story 2,026
Total 11,685
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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
gpplication 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 devel oped with attention to the ingtitutional 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 measuresis located in Section 3.1.3.

3.1.1 Efficiency Measures Considered

The 20 efficiency measures considered applicable to buildingsin 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 M easures

1. Insulate Exterior Side Walls - Insulation instaled on the exterior walls of the building improves the
R-value, or therma retention, of the building shell, and therefore decreases heat 1oss through the walls.
Depending on the method used and the material thickness, the R-value of the walls may be increased
by 0.8to 1.4 n? K/W. Exterior insulation also results in increasing the temperature in zones adjacent
to exterior wals by as much as 3 to 5°C, thus indirectly reducing overheating of the building core
space when building temperatures are properly adjusted and building temperature controls are
avalable. An additional positive effect is the eimination of moisture condensation on the interior side
of the externa walls in cold westher.
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The insulation of exterior walls with alarge window-to-wall ratio is typicaly labor intensive and costly.
Only insulation of walls without windows or with arelatively small number of windows was
considered. Practicaly, this meansthat 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
externa surfaces which make it very difficult and inefficient to install any externa insulation. In
addition, some cultura 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 ingtalations.

- ThisECO generally has ahigh installation cost and is therefore not cost-effective in most
gpplications. 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.

- Pogtive impact on comfort, eimination of condensation problems in coldest rooms, and dimination
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 overhesating.

- Heat controls require operationa oversight and maintenance.
- Change in building exterior appearance must be considered.
Cost

- Materia costs vary widely depending on the type of insulation used. For this project, materia
costs are estimated to be $10.50/n.

- Labor timeto ingtall the measure is estimated to be 1.1 hours/n?, with alabor cost of $14.66/n.
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Availability
- Insulation materias are readily available domesticaly.

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

Insulate Roof - Thetop floor celling in many building types is poorly insulated, which resultsin sub-
stantia 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 wals/ceiling. Roof insulation installed from the outside must be covered by a new layer of
roofing material. Thistechnology is applicable to buildings with aflat 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 celling and roof
pandl. The roof insulation increases the R-vaue by 2.1 to 3.0 nt K/W.

Building Type Application

- Thismeasureis applicable to al buildings with aflat roof (without attic). For this study, all
ingtitutiona buildings constructed after 1958 are assumed to have aflat 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 ingtalled in the ventilation space between the roof and celling 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 overhesting.

Costs

- Materia costs are estimated to be $23.41/n¥.
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- Labor timeto ingtall the measure is estimated to be 0.34 hours/nt with alabor cost of $4.54/nt.

Availability

- Roof insulation and roofing materials are readily available.

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

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 afoam/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 n? K/W.

Building Type Application

- ThisECO isapplicable to al 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 typicaly 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 materia and its installation must be considered.

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

Costs

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

- Labor timeto install the measure is estimated to be 0.37 hours/n?, with alabor cost of $4.93/nt.
Availability

- Attic insulation materias are readily available in al forms (hard boards, spray, fiberglass) from
local sources.
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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 typicaly results

in alower thermostat setting. Many floor covering materials with good thermal insulation are

avalable. For floorswith an air cavity, blown-in cellulose-based insulation is also available.

Building Type Application

- Hoor insulation is gpplicable to al buildings consdered in the study.

Considerations

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

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

- Hoor 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 overhesting.

- Baancing 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 aso be insulated from the bottom (basement ceiling).
Costs
- Materia costs are estimated to be $6/nt.

- Labor timeto ingtall the measure is estimated to be 0.12 hours/n?, with alabor cost of $1.60/n.
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Availability

- Limited types of floor insulation materials and basement ceiling insulation materias are available
from domestic manufacturers. Decorative floor materials are available from local outlets of
foreign suppliers.

Weather strip Windows and Door s - Sedling 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,
especidly in older buildings, fit poorly, resulting in significant levels of unnecessary infiltration. To be
functional, seds have to be properly ingtalled and maintained.

Building Type Application

- Weatherstripping of windows and doorsis gpplicable to al 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 smal number of buildings in the city of Kyiv.

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

- Some spacesindirectly 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.

- Inbuildings 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 sedling,
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.

- Sedshaveto be inspected and properly maintained. The life of atypical sedl is approximately
5 years; then it has to be replaced.

Costs

- Materia costs are estimated to be $0.9/m.
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- Labor timeto install the measureis estimated to be 0.1 hours/m, with alabor cost of $1.05/m.
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Availability

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

Install Storm Windows and Weather stripping - The fenestration area of buildings in Ukraine can
be a significant fraction of the building envelope area. The U-vaue, 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
sgnificant. Ingtallation of athird pane on existing windows provides improved R-value for the
fenestration area and reduces heat 1osses through the glass. The U-vaue of awindow with athird
glass (storm window) is typicaly 1.9 to 2.1 W/n7K, whereas the common two-pane window has a
U-vaue of 2.6 to 2.8 W/nTK. It isaso 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

- Thismessureis assumed to be gpplicable to all buildings.

Considerations

- The storm window isinstaled 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
- Materia costs are estimated to be $60 per window.

- Labor timeto install the measure is estimated to be 5 hours per window, with alabor cost of
$66.67 per window.

3.8



Availability

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

- Thisproduct may be a source of local manufacture.

Install High-Performance Glass and Weather stripping - 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
2.5to 3 mm. Such windows have U-vaues of approximately 2.7 to 3.07 W/ntK. Itistypicaly 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 hesat reflective and has
greater thermal resistance resulting in lower U-valuesin the range of 1.5 to 1.8 W/nvK.

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

Building Type Application

- Thismeasureis assumed to be gpplicable only to cultura buildings.

Considerations

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

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

- Itisusudly sufficient to replace only one (externa) pane in a double-glassed window.

Costs

- Thematerial costs for this measure are estimated at $24.50/n.

- Labor timeto ingtall this measure is estimated at 1.4 hours/n?, with a labor cost of $18.66/nY.
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Availability

- High-performance glassis available from local outlets of foreign manufacturers and suppliers.
Install Third Window Pane - One of the commonly used methods of increasing the thermal
resistance of windows isto ingtall athird pane into the existing window frame. Thisis accomplished
by modifying the existing window frame holding the glass pane and inserting an additiona high-
performance pane. The most appropriate way is to install the new high-performance glass to the
outside. Precticaly, itiseasier to ingtall it between the existing panes. Sometime, a UV -resistant
plastic foil with thickness of 0.04 mm isinstalled between the frames and sufficiently stretched to
avoid light/view distortion. However, the life of plastic foil is substantialy shorter (3-5 years) and
overdl life cycle costs may be greater.

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

Building Type Application

- Thismeasureis assumed for al building categories, except where the appearance of the window
iscritica (historicd buildings).

Considerations

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

- Itisnecessary 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

- Themateria costs for this measure are estimated at $13.00/n7.

- Labor timeto ingtall this measure is estimated at 1.33 hours/n¥, with alabor cost of $17.69/n7.
Availability

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

- Window fail is available from loca suppliers.

3.10



0.

Install Heat Reflectors Behind Each Radiator - Hest 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. Thisisin many cases a“ do-it-yourself”
inexpensive measure.

Building Type Application

10.

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

Considerations
- Some radiator typesin Kyiv may be instaled too close to the wall and may require some additional
work during the installation of the reflecting materia. Remova of the radiator or its disconnection

from pipes was not considered to be necessary. Such cases are assumed to be minimal.

- Reflectors improve therma comfort in the room, sometimes resulting in alower temperature
setting of the thermostat (where available).

- Reflecting materia with therma insulation was assumed for the application.

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

Costs
- Materia costs are estimated to be $5.16 per radiator.

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

Availability
- Thismateria will have to be imported or purchased from local outlets of foreign manufacturers.

Air Handling M easures

Install Ventilation Heat Recovery - Buildings designed to hold gatherings or large crowds require
substantial fresh air supply. Hot air ventilation is typically instaled only in buildings constructed after
1958. In older buildings the fresh air is delivered via opened windows, doors, or with assistance of
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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 heet loss. Installation of an air make-up unit with a
hest recovery system alows controlled ventilation during heavy load in the wintertime and, if air
conditioning (A/C) is available, dso during the summer. Existing total heat recovery systems achieve
up to 80% efficiency.

Building Type Application
- This measure gppliesto culturd buildings only.
Considerations

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

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

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

Cost
- Materia costs are estimated to be $2.20/mé/hour.

- Labor time to install the measure is estimated to be 0.04 hours/m?/hour, with a labor cost of
$0.41/mé/hour.

Availability

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

Install Ceiling Fans - Halls accommodating large numbers of people are typically designed with
excessively high cellings to provide sufficient air supply. High open spaces cause room temperatures
to stratify. Asaresult, 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-dtratification of temperatures in high ceiling spaces is accomplished by application of large-
diameter, dow-speed ceiling fans. The use of celling fans eliminates the air temperature stratification
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and reduces temperature losses caused by overheating. In the cooling mode, ceiling fans produce a
dight air draft and delay the use of A/C during low cooling demand periods.

Building Type Application
- This measure gppliesto culturd buildings only.

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 electrica
wiring.

Cost
- Materia costs are estimated to be $163 per fan.

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

Availability

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

Domestic Water Heating M easur es

Domestic water heating (DWH) systemsin ingtitutional 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 generaly 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.
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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). Thisis not possiblein 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.

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 eiminating the

unnecessary return of hot heating water back to the return line; by insulating the internal pipes, and, in

some ingtalations, by eliminating losses in the externa pipes (between the substation and the building).

Building Type Application

- Thismeasureis considered for al building types, but is assumed to apply to only 80% of buildings,
or that fraction which currently operates on afour-pipe system. The measure is probably not
gppropriate for buildings with low hot water demands such as hospital administration and cultura
buildings. For smplicity, it is gpplied across dl 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 trestment, such as filters and softeners is desirable, especialy in hospitals and
schools. Thiswill aso increase the life of the system.

- Thismeasureis considered necessary to comply with Ukrainian regulations.
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13.

Costs

- Materia costs associated with retrofit of a domestic water heating system are a function of the
installed water heater capacity and range from $11 to $25 per kW of installed capacity, with
smaller systems bearing larger per unit costs.®

- Labor time to ingtall 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 capecity.

- 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 loca sources and from
several foreign companies having representation (saes offices) in Ukraine.

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 aso 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 eiminating the
unnecessary return of hot heating water back to the return line; by insulating the internal pipes, and, in
some ingtalations, by eliminating losses in the externa pipes (between the substation and the building).
Enhanced by a smple timer, the control system is capable of lowering the domestic water temperature
in the tank during unoccupied periods.

Building Type Application

- Thismeasureis considered for al buildings with considerable domestic hot water consumption,
such as hospitals and schools. It was not considered for administration and cultura buildings, in

(@

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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14.

which the volume of water consumption and consequent energy savings would not justify the
required investment.

Considerations

Ingtallation of the storage tank will require availability of floorspace.
- Water storage tank cleaning should be done periodicaly (at least every 5th year).

- 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 trestment, such as filters and softeners is desirable, especially in hospitals and
schools. Thiswill adso increase the life of the system.

- Thismeasure is usualy considered as a substantial capital improvement of the building and bears a
relatively high cost.
Costs

- Materia 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 timeto ingtall 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 capecity.

- Periodic ingpection and O&M is necessary and its cost should be included in the operationa
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 (saes offices) in Ukraine.

Install Low-Flow Shower heads - 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.
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Building Type Application

- Showerhead ingtallation 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

- Materia costs are estimated to be $7.69 per showerhead.

- Labor time to ingtall the measure is estimated to be 0.25 hours, with alabor cost of $2.64 per
showerhead.

Availability

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

. Install Aeratorsin Faucets - Aerators reduce the flow of water in bathrooms and utility room
faucets for bathing, dish washing, etc. Installing aerators is smple 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

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

Considerations
- Aeators are effective only when a*“running water” usage is assumed. For faucets used to fill

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

- Labor timeto ingtall the measure is estimated to be 0.15 hours, with alabor cost of $1.59 per
aerator.

Availability

- Thismateria isavailable from loca sources. Some good qudity models can aso be obtained from
local outlets of foreign suppliers and could be a source of domestic manufacture.

Install Hot Water Meters - Metering does not itsalf directly impact hot water use. Instead, it
provides building occupants with an incentive to reduce hot water consumption and thus leads to
reductionsin hot water use. In ingtitutional 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
resdentia buildings, unlike heat metering, which is difficult to implement because of the one-pipe
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 atypica family in Kyiv (more than $9 per month according to |EA [1996]), hot-water-rel ated
energy use for residential customersis aso alarge component of total heat consumption in Kyiv.

Building Type Application
- Thismeasureis gpplicable in resdentid buildings.
Considerations

- Metering imposes an additiona 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 timeto ingtal the measure is estimated to be 3 hours, with alabor cost of $40.00 per meter.
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Availability

- Thismateria is available from local sources.

Insulate Hot Water Pipesin 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 1osses.

Insulation in heated spaces is not considered economical, since the hest is “ utilized” for space heating

during the heating season.

Building Type Application

- All buildings are considered for this measure.

Considerations

- If exigting pipe insulation contains asbestos fibers, the disturbance of the old insulation may cregte
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.

- Good insulation decreases heat 10ss, which helps maintain the water temperature and reduces the
recirculation pump capacity.

Costs

- Materia cogts are estimated to be $3.30/m.

- Labor time to ingtal the measure is estimated to be 0.2 hours/m with alabor cost of $2.72/m.

Availability

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

Heating System M easures

An important characteristic of heating systems found in mogt ingtitutiona (and residentid) buildingsin

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 individua apartments in resdentia buildings is dso difficult for the

same reason. Multiple zone valves on each segment and multiple heat alocation devices would have to be
used to meter the occupants' heat consumption.
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Except for a smal number of large buildings with more than 10 stories and some other important
buildings, virtudly al buildingsin the city of Kyiv supplied by the district hesting system utilize hydro-
elevators (venturi nozzles) for circulation of heating water inside the buildings. Buildings grester 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 gpparent
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 hydrodevator system
in each building must be replaced by a heat-exchanger-based substation. It isimportant 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 overhesting, 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 occupied/unoccupied period setback when applicable.

The energy conservation effort must, in genera, include two parts. the party responsible for energy
bills must 1) 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 legidative order supported by financial
incentives for metered consumption (leading to temporarily better rates).

Ukraine' s building code requires al 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 residentia buildings within the period of 1996 to 2000. The implementation processis
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coordinated by the State Committee on Housing and Communal Services, and regiond 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 isto
be introduced in high-rise (5-story and more) buildings and then in low-rise buildings. In the second stege,
gpartment-level metering will be introduced.

Installation of metersis 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 retrofitsin al buildings. Building heat meters, because they alow 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

- Thismeasureisincluded for dl buildings.

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

- Labor timeto ingtal the measure is estimated to be 12 hours per meter, with alabor 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 overal retrofit of the heating substations in ingtitutional buildings was deemed to be the
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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 valvesinstalled 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 heet to difficult-to-heat
spaces (such as building corner rooms) without severely overheating the building core space.

Building Type Application

- Thismeasureis consdered for al buildings currently equipped with hydroelevator-type hegting
systems without temperature control and without proper heating system balancing. In some
buildings, such as inpatient hospita facilities, unoccupied setback cannot be utilized due to
permanent occupation of the space.

Considerations
- Thismeasure does not provide for temperature control in individual zones/rooms.

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

- Thismeasure is usually considered a substantial capital improvement of the building and bears a
substantial cost.

- Ingdlation of heat exchangersin alarge portion of buildings on asingle district heating loop may
change operating conditions in other buildings on the loop that continue to use a hydroelevator
system. |f 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 digtrict heating

loop.
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Costs

- Materid costs associated with retrofit of substations are a function of the installed substation
capacity and range from $11 to $25 per kW of installed capacity, with smaller substations bearing
larger unit costs.

- Labor timeto ingtal the measure is estimated to be 50 hours for every 100 kW of installed
capacity (including the [abor time for ingtallation 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 ingtallation of individua components will utilize a mgjority of domestic parts and import
items not individualy available domestically (controls). Riser baancing valves are available
domesticaly or from local sales outlets of major companies.

. Install Radiator Balancing Valves - Temperature control is assumed to be provided by the outdoor
temperature reset in the substation. Balancing vaves installed on each radiator will alow more
accurate distribution of heat throughout the building. This measure does not alow for temperature
control; however, it can be used for permanent (or long-term) reduction of heat output by individua
radiators. Energy savings are accomplished by the ability to provide sufficient heet 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

- Thismeasure is considered for al 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
utilized.

Considerations

- Thismeasure does not provide for temperature control.

- Baancing should be done periodicaly (at least every 5th year).
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- Thismessureis usualy combined with temperature control installation.
Costs
- Material costs are estimated to be $14.25 per vave.

- Labor timeto ingtdl the measure is estimated to be 1.0 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 mgjor
companies.

3.1.2 Efficiency Measures Not Consider ed

A number of ECOs identified (26) were not considered for further evaluation because they did not
offer an adequate leve 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.

Building Envelope

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

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

3. StormDoors. Storm doors are not practica on high-traffic entrance doors of ingtitutional 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 potentialy 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.
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Insulate Exterior Walls of Historical Buildings and Buildings with Complex Exterior
Appearance. Thiswas rejected as unacceptable for the historic buildings and too expensive for the
other building groups.

Insulate Building Exterior Walls Having Windows. Thiswas considered too expensiveto doin 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

Insulate Internal Walls Between Heated and Unheated Spaces (stairways). Thiswas not
considered to provide sufficient efficiency improvement and would have required additiona data
collection and analysis to evauate.

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

Repair Leaking Roofs and Gutters. Leaksin 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 andysisto evaluate. Also, such ameasure is considered to be a
necessary building maintenance issue.

Heating System

Re-Work Building Heating System Plumbing. Re-designing and re-working the building heating
system from a single, not-zoned system to alow 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. Thiswas 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 avery 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 andysis.

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
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10.

11.

motors are typicaly 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 measureisrelated to
the supply side of the energy system and insufficient data exist to effectively evauate 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.
Additiona 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. Thiswas not considered to be a common measure and was assumed to be of an
experimenta nature, requiring longer-term data collection and analysis for local climatic conditions.

Improve Maintenance (cleaning) of Heat Sources, Such as Local Boilers, Room Heaters, etc.
This would have required additiona data collection and analysis to evaluate.

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. Unlessthe
use of ventilation systems is mandated by minimum air quality standards (such as ventilation standards
for surgery rooms), this measure may actualy increase energy consumption.

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

Install Heat Recovery Vent System in Basements. Although this measure typicaly produces good

savings in the residential sector, it was deemed not to be economica in ingtitutional buildings, where
basements are not used for storage and do not require ventilation.
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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 economica and was not
recommended.

Domestic Water Heating

Insulate Hot Water Pipesin Conditioned Space. Thiswas not considered to be a cost-effective
measure. Hest lost from the hot water pipesis utilized for space heating and, from an energy
conservation view, insulation of such pipesin heated space would not produce savings. Also, most of
the hot water pipes are reasonably insulated.

Lower Domestic Hot Water Temperatures. Domestic water temperature is maintained at 55°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 Unit Cost ($)/Unit
Building Envelope
Exterior Side Walls m’ 25.17
Roof Insulation m’ 27.94
Attic Insulation m’ 11.38
Basement Floor Insulation m’ 7.59
Wesatherstripping m 1.96
Storm Windows each 127
High-performance Glass m’ 43.17
Third Window Pane m’ 30.68
Radiator Reflectors each 9.07
Air Handling
Celing Fans per fan 203
Ventilation Heat Recovery m*/hr 2.60
Domestic Water Heating
Hot Water Heat Exchanger (weighted average) bldg. 2,190
Storage Water Heater bldg. 3147
Low-Flow Showerheads each 10.32
Faucet Aerators each 4.58
Hot Water Meters each 135
Insulate Pipes m 6.02
Heating System
Building Heat Meters each 2,960
Retrofit Heating System (weighted average) bldg. 9,018
Radiator Balancing Vaves each 27.58

Different combinations of measures were installed depending on the performance of the measuresin
each building type. These combinations are discussed further in Section 3.3. Appendix C provides
additiona detail on the installed cost of the measures by building type.
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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
the technical and economic analysis methods, respectively. Differencesin the analysis approach for the
ingtitutional and residential sectors are noted in these two sections.

3.2.1 Technical Analysis Method

The technical analysis was based on the smulation 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 vigits to buildings in Kyiv. A tota of 33 prototypes were developed to mode 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, al building level estimates are scaled to the average building area, by building
category. The purpose of this scaling istwo-fold: to dlow 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.1).

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

Analysis of Building Envelope M easur es

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 annua energy consumption based on weather conditions in a given location.
This computer program utilizes a bin-type TMY (typical meteorological year) wesather file created from
hourly wesather data collected over along 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.

Basdline and post-measure instalation heat and hot water energy consumption were calculated for
each measure and each building type, the difference being the efficiency improvement. The development
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of the basdline building heating loads for each ingtitutional building type required making severa
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.

In the modeling of each ECO, only the pertinent value describing the given ECO was changed in the
mode. Insulation of walls, ceilings, and floors was modeled by lowering U-vaues. Wesatherstripping was
modeled by lowering the infiltration rate. Modeling of triple-pane and storm windows was accomplished
by lowering U-values.

Analysis of Water Heating M easures

Efficiency improvement calculations for low-flow showerheads and faucet aerators were based on
satistical 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. Caculation of
efficiency improvements obtainable by insulating the hot water pipes in unconditioned spaces is based on
lowering heat losses through additiona pipe insulation with improved R-vaue 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 ECOsin this category provide improved energy management in the building and assume that
outdoor temperature reset control isinstalled in each substation of the central district heating system.

Installation of temperature control devicesin conjunction with installation of energy consumption
metering provides building occupants/owners with an incentive to reduce energy consumption. The use of
a programmable thermostat aso 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:

- Room temperature is kept at the lowest possible acceptable (comfortable) level.
- 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 vaues is the energy-
use reduction. For each ECO analyzed, the temperatures and infiltration rates were estimated based on
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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.

Analysis of Ventilation Heat Recovery M easures

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 hest 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.

AnalysisMetrics

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 smple payback period, which in its
smplest form is caculated by dividing the installed cost of the ECO by the value of the annua 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 smplistic to be of much use. ECOs with future costs
may be overvalued if these costs are not accounted for. Escalating fuel prices will aso 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 aong with first cost to evaluate the attractiveness of measures.

Present and Net Present Value. A Hryvnatoday isworth more than a Hryvna tomorrow for two
principal reasons: genera 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 liesin what it
is capable of purchasing, inflation causes its value to decline. The time value of money refers to the fact
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that even in the absence of genera price inflation, money received sooner is preferred to money received
later.

It isthis 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 isthe “red
rate of interest.” The market or “nominal” rate of interest is the real rate plus the rate of inflation (thisis
adight smplification). Asan example, 100 Hryvnareceived 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 annua nomina rate of interest yields 100 Hryvna 2 years later.

The costs and benefits of an efficiency investment occur at different periodsin time, which must be
accounted for in the analysis. A metric for reflecting this fact is net present value, where the present
value of al 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 formulafor caculating the NPV is:

V=g —L .
=1 (1+d)
where: t = year
R = annual return
d = discount rate
C = copita outlay

Internal Rate of Return. TheIRR isthe interest rate that equates the present value of the expected
future cash flows or receiptsto the initia capital outlay. The formulafor caculating the IRR is:

IRR = r such that:
J R
a t -C=0
t+1 (1+ r)t
where: t = year
R = annual return
r = interes rate
C = copita outlay

The difference between the NPV and IRR is the discount rate (d) and interest rate (r). In the case of
IRR, the formulais solved for the interest rate (r) where the benefits minus the costs equals zero. The
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IRR isoften used to screen and rank aternative investments--in genera, the higher the IRR, the better.
In the case of thisanalysis, 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%.

In this analysis the IRR is computed only for those ECOs where a conventiona cash flow stream
exists and where the NPV is positive. Other cases may lead to multiple solutions or no solution.
Conventiona 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 typicaly used are nomina and
real. The main difference between the two is the presence or absence of inflation, respectively. Ina
nomind andysis, the value of energy savingsin 1997 is expressed in 1997 Hryvna, the vaue of energy
savingsin 1998 is expressed in 1998 Hryvna, and so on. The nomina vaue of the energy savings
continues to increase because of inflation and the general level of prices. A real analysis expresses al
money values in constant terms by removing the effects of inflation. In the case of this analysis, al vaues
are expressed in 1996 currency values.

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

Basic economic assumptions are provided below.

- nomind discount rate - 16%
- inflation rate - 6%

- red discount rate - 10%

- 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
potentia for the ingtitutional sector consisted of three steps:

1. Screen the individua measures by simple payback; measures having a simple payback of less than
5 years were retained for additional analysis.
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2. Combine the measures to identify interactive effects to avoid double counting the efficiency potentia
and to deselect measures that reduced the payback of selected bundles for individua building types.

3. Evauate the measure bundles and applicable individual measures for each building type to estimate
efficiency potentid.

The residential sector efficiency potentia was based on a combination of previous assessments
conducted in the Czech Republic (PNNL 1996), the Slovak Republic (PNL 1995), and in Russa (World
Bank 1996). Residential sector prototypes constructed for an analysis in the Czech Republic were
smulated using Kyiv weather data. The quantities of materia for the residential building types were
drawn from an analysis of residential sector efficiency potentia in Russia. Cost data were specific to
Ukraine and consistent with cost data used for the ingtitutional sector assessment.

3.3.1 Ingtitutional Sector Efficiency Potential

Thefollowing group of four space-heating measures having an interactive effect were selected for
gpplication:

- windows and door weatherstripping
- reflectors behind radiators

- cdling fans

- subgtation-leve 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:

- hot water heat exchangers
- low-flow showerheads
- aerators on faucets.
In all cases building heat meters are included.

Table 3.2 shows the cogt-effective ingtitutional sector efficiency potential by building type. Additiona
detail is contained in Appendix D.
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Table 3.2. Ingtitutional Sector Efficiency Potentia

Baseline Efficiency Efficiency

Energy Use Potential I mprovement IRR

Building Type (thousand Gcal) (thousand Gcal) (%) (%)
Hospitals 157 40 25.8 27.8
Polyclinics 59 16 27.2 24.4
Administration 16 4 26.2 164
Kindergartens 329 86 26.2 317
Schools 470 129 274 29.1
Higher Education 240 64 26.5 31.6
Hostels 154 A 22.0 254
Theaters 10 3 28.7 26.8
Art GalleriessMuseums 12 2 19.6 129
Total 1,446 378 26.2 29.2

3.3.2 Residential Sector

The assessment of building efficiency potentia for the residential sector was based on previous
anayses conducted for the Czech Republic (PNNL 1996) and for Russia (World Bank 1996), and was
modified to account for differencesin the size mix of the housing stock and differences in the thermal
performance of residential buildingsin 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 devel oped specificaly for the ingtitutiona buildings assessment in Kyiv. The following
measures were selected for application:

- reflectors behind each radiator

- low-flow showerheads

- faucet aerators

- hot water flow meter in each apartment

- building-level heat meters

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

Table 3.3. Residential Sector Efficiency Potential

Internal

Per centage Rate of

Baseline Energy Efficiency Potential of Baseline Return
Building Type Use (thousand Gcallyear) (%) (%)

(thousand Gcallyear)

2-story 2,569 451 17.6 234
5-story 3,545 873 24.6 26.4
9-story 3545 1,070 30.2 35.7
14-story 2,026 645 319 41.6
Total 11,685 3,039 26.0 324

3.4 Sensitivity Analysis

The sengitivity 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 (i.e., the IRR becomes less than

10%) can be determined. Thisvalueis referred to as the switching value.

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 10%, are presented in Tables 3.4 and 3.5 for the institutional and residential building sectors.

Table 3.4. Interna Rate of Return Switching Vaue for Energy Savings
and Ingtalled Costs - Indtitutional Buildings

Type Energy Savings (%) Installed Costs (%)
Hospitas 40 240
Polyclinics 45 220
Hospitad Admin. 70 160
Kindergartens 35 280
Schools 40 260
Higher Education 35 280
Hostels 45 220
Theaters 45 240
Art GaleriesMuseums 80 120
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Table 3.5. Interna Rate of Return Switching Vaue for Energy Savings

and Ingtalled Costs - Residentia Buildings

Type Energy Savings (%) Installed Costs (%)
2-story 50 200
S-story 45 220
9-story 30 300
14-story 25 360

In the case of hospitds, the energy savings would have to fall to 40% of the estimated value for the
IRR to drop below 10% (i.e., the energy savings would have to be 10.3% instead of 25.8% of baseline
energy use), or the ingaled cost would have to increase by 240%. The indtitutional building types most
sengitive to realized efficiency improvements or installed costs of efficiency measures are cultura
buildings and hospital administration buildings. In the residentid 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 redlity, not al existing buildings would be susceptible to retrofit.

The investment requirements for the ingtitutional 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 Ingtitutiona Buildings Sector

Investment Requirements ($)

Building Type Per Building Per m? Total
Hospitds 21,719 5.45 3,475,019
Polyclinics 14,143 5.29 1,555,709
Administration 8,309 6.21 573,290
Kindergartens 11,771 538 7,062,886
Schools 24,987 347 9,719,980
Higher Education 27,703 3.92 4,820,270
Hostels 2394 4.37 3,191,160
Theaters 21,295 532 255,545
Art GalleriesMuseums 12,809 6.08 397,093
Total 18,505 431 31,050,952

Table 3.7. Investment Requirements for the Residentiad Building Sector
Investment Requirements ($)

Building Type Per Building Per m? Total (millions $)
2-story 6,044 13.49 64.9
5-story 32,626 4.08 68.7
9-story 36,844 6.64 111.8
14-story 35,102 4.08 39.2
Total or Average 31,939 592 284.6

In the ingtitutional buildings sector, the per square meter costs range from alow 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 a $9.7 million, followed by kindergartens a $7.1 million. The potentia
investment level for residentia buildings is nearly $300 million compared to $31.1 million for the ingtitutional

buildings consdered in this anaysis.
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4.0 Impacts Assessment

The buildings efficiency improvement program will have potential additiona impacts, primarily in two
categories: economic and environmental. These include impacts on employment, energy security, air
pollutant emissions levels, worker hedlth and safety during building renovation activities, and indoor air
quaity asaresult of building renovations. In addition to the environmenta 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, aswell as World Bank operationd directives, are reviewed.

4.1 Economic Impacts

The potential economic impacts are substantial for buildings efficiency programsin 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 andysis assumes the ratio of Ukrainian to Western labor ranges from 5:1 to 8:1, depending on
the efficiency measure. Whileit 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
equivaents 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 trandates 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. Thisis estimated to result in aredirection of $5.8 million in annual expenditures for fuel
imports.

Although aresidentia sector program was not examined in detail, the burden of excessive fuel con-
sumption is aso felt by residentia 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 hill (IEA 1996).
Reductions in energy consumption that are trandated 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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Table4.1. Secondary Impacts

1998 1999 2000 2001 2002 Annual

Budget Reductions

Municipal Dept. of Health ($) 266,411 543,478 831,521 1,130,869 1,441,858 1,441,858

Municipa Dept. of Education ($) 5,421 1,928,658 2,950,847 4,013,152 5,116,769 5,116,769

Ministry of Education ($) 429,093 875,349 1,339,284 1,821,427 2,322,319 2,322,319

Municipa Dept. of Culture ($) 23314 47,560 72,768 98,964 126,179 126,179

Tota ($) 1,664,238 3,395,046 5,194,420 7,064,412 9,007,125 9,007,125
Emissions Reduction (tonnes)®

NOy 66 133 199 266 332 332

SO 46 93 139 185 232 232

CO, 17,085 A,171 51,256 68,342 85,427 85427
Domestic Employment (FTEs)®

Direct (measure installation) 3 63 63 63 63

Indirect (materials manufacture) * * * * * *
Fuel Import Reductions®

Natural Gas (thousand n’) 11,452 22,904 34,357 45,809 57,261 57,261

Mazut (tonnes) 16,118 32,236 48,354 64,472 80,590 80,590

Naturd Gas (%) 950,531 1,901,062 2,851,593 3,802,123 4,752,654 4,752,654

Mazut ($) 218,744 437,489 656,233 874,978 1,093,722 1,093,722

Tota Fue ($) 1,169,275 2,338,551 3,507,826 4,677,101 5,846,376 5,846,376

(8 NOy and SO emission factors from Ekono Energy (1996). CO, emission factors from DOE (1995).

(b) Full-time equivaents.

(c) Fue import reductions estimated from energy savings using estimated transmission/distribution losses of 20%, and average boiler
efficiency of 88%. Natural gas savings converted from Geal to cubic meters using 7,975 keal/m® (Kievenergo data) (JTC 1996), and
mazut savings converted from Geal to tonnes using 7,000 kcal/kg. Estimated price of natural gas, $83/thousand nv. Estimated price of

mazut, $95/tonne.

employment impacts has not been made.

Domestic manufacture of equipment and materials is expected, but an estimate of the types and quantities of materials and associated




4.2 Environmental Impacts

Assessment of the net environmental impacts associated with the potentia investment program,
particularly emissions impacts, requires an adequate characterization of an existing or basdline 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. Asaresult, current pollutant emissions are
aso below normal levels.

The actua environmental impact of the potential investment program at the building leve 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 ng impacts based on
the existing (heat supply conditions in 1995) situation may accurately reflect actua short-term changesin
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 aresult 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 additiona electricity use
may or may not be local to Kyiv, they arein fact real impacts, and depending on the technology used to
generate this additional eectricity, may be much more dramatic than impacts due to changes in natural gas
consumption at district heating plants. The complexity of thisissue, however, is beyond the scope of the
current effort to evaluate impacts associated with changes in electricity-related emissions.

Finaly, 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 boilersin Ukraine will be used, in conjunction with performance
estimates of the existing heat production and distribution system. This method is transparent and provides
areasonably 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 Operationd Directive on Environmental
Assessment, O.D. 4.01 (World Bank 1991). The assessment has aso been performed in accordance with
the requirements of the Ukrainian Ministry of Environmental Protection and Nuclear Safety, 1991 Law of

4.2



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 EmissionsImpacts

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 Pollutantsin
Exhaust Gases (when a = 1.4), mg/m?, at
Total Exhaust, gMJ @ Normal Conditions
Particulate Oxides Particulate Oxides
Adjusted Amount of Ash Adjusted Amount of
in the Fuel, % kg/MJ Ashin Fuel, % kg/MJ
Boiler Steam
Capacity, t/hr
Thermal
Capacity, MWt Fuel <0.6 0.6-25 | >0.6 | Sulfur | Nitrogen | <0.6 | 0.6-25| >0.6 | Sulfur | Nitrogen
420 t/hr and Gas 0.043 125
bigger, 300 (1.25)
MWt, (1,000 Mazu 0.02 0.175 0.065 50 400 185
GJ/hr) t (0.586) (5.13) 1.9
Lessthan 420 Gas 0.086 250
t/hr, 300 MWHt, (2.5
(1,000 GJ/hr) Mazu 0.06 0.25 0.1 150 600 290
t (1.76) (7.33) (2.93)

(@) Numbersin 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.
Thefull list of regulated pollutants includes more than 800 items, of which the most important for this
project are NO, SO,, CO,, and particulate. The maximum permissible concentrations of these pollutants
are presented in Table 4.3.

4.3




Table 4.3. Maximum Permissible Concentration of Air Pollutants

Maximum Short-Term | Average Concentration

Pollutant Concentration (ppm) per 24 Hours
Nitrogen Dioxide 0.085 0.04
Nitrogen Monoxide 0.6 0.06
Sulfur Dioxide 0.5 0.05
Residential Oil Ash (recalculated to -- 0.02
vanadium penoxide)
Nonorganic Particulates (silicon dioxide 0.15 0.05
content above 70%)
Nonorganic Particulates (silicon dioxide 0.3 0.1
content ranging from 20 to 70%)
Nonorganic Particulates (silicon dioxide 0.5 0.15
content below 20%)
Note: ppm is parts per million.

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. Asdiscussed above, precisaly estimating the actual emissions reduction is difficult. However, a
reasonabl e approximation can be made using estimated average emission factors and system
performance. The assumptions used in this analysis are presented in Table 4.4.

Table 4.4. Emissions Estimate Assumptions

Natural Gas Mazut Total or Average

Fuel Share 85% 15% 100%
Emission Factors (g/MJ)

NOx 0.21 0.21 0.21

O« - 0.975 0.146

CO, 50.3 74.7 54.0
Boiler Efficiency 88% 88% 88%
Transmission Efficiency 80% 80% 80%
Heat Use Reduction (Gcal) 321,501 56,735 378,236
Fuel Use Reduction (Geal) 456,677 80,590 537,267
Fuel Use Reduction (MJ) 1912 337 2,249
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Total emissions reductions by year as aresult 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 CO, emissions would be reduced by 85,427 tons annualy.

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 asinsulation. Exposure to airborne asbestos particles poses a known hedlth
risk. In Ukraine, asbestosis used primarily to produce asbestocement, which may be used as a materia
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 ductsin
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 potentia disturbance be addressed in the audit of individual buildings.

An additiona 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 industria facilities along the Dnieper
River. In some casesindustria residues from the Donets Basin were used as aggregate in these panels
(TACIS 1994). The use of such residuesis now prohibited due to the potentia for high heavy metals
content in the waste. However, little publicly available information has been located on the hedlth hazards
associated with the use of these panelsin 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 substancesin
ambient (outdoor) air. Under regulations of the Ministry of Health, maximum concentrations for indoor air
of residentia and ingtitutiona buildings must not exceed established maximum permissible concertrations
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 10sses 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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Actud exigting ventilation rates in Ukraine are difficult to quantify. Iningtitutiona buildings, ventilation
systems are often inoperable. Because of high infiltration rates, however, indoor air quality is generaly not
aproblem. Because some efficiency measures are expected to reduce infiltration, it will be necessary to
ensure that adequate ventilation is maintained.

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

4.2.4 Soil Contamination

The potentia 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 aso prohibit investment in buildings with soil contamination.

Exigting soil contamination may be of concern in Kyiv due to the location of past or present industrial
activities near residential and commercia areas. In addition, Kyiv is located in an area affected by the
1986 Chornobyl nuclear power plant explosion, which spewed radioactive materials into the atmosphere.
This contamination is no longer considered to pose a hazard, but it is recommended that the potentia for
disturbance of contaminated soil be addressed during the audit of individua buildings.

4.2.5 Ozone Depleting Substances

In compliance with the Montreal Protocol® (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 amost every sector of the economy.

Ukraine will receive financial assistance, partly financed by a Globa Environmenta 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 materids, including foam insulation manufactured with chlorofluorocarbon (CFC) foaming
agents such as HCFC-11. The total number of licenses will gradualy be reduced as required by the
London amendments to the Montreal Protocol.

(@) 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 Viennain 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, al tender documents for this project will stipulate
that foam insulation materials shal 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 measuresin 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 potentia of the ingtitutional buildings sector in Kyiv. Results of this
assessment would support aloan by the World Bank for implementing a buildings efficiency improvement
program in Kyiv.

This report documents the assessment of the ingtitutional 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: evauation of the institu-
tional sector building stock in Kyiv, estimation of heet energy consumption in this building stock, and
assessment of the cost-effective energy efficiency potentia through retrofits to the buildings.

In conducting this assessment, because of limitations in quaity and availability of existing data,
uncertainty arose regarding the size, distribution, and energy consumption of the ingtitutional sector building
stock. This assessment focused on reducing the uncertainties associated with size and distribution data by
directly surveying the owning ingtitutions. The uncertainty associated with the basgline 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 basdline 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 atota of 6 million square meters of floorspace. A totd of 989 of these buildings are
under the jurisdiction of the Municipa Department of Education, the remainder being under the jurisdiction
of the Ministry of Education. The Municipa Department of Health is estimated to own 339 buildings
having about 1 million square meters of floorspace. Forty three cultura buildings were aso included in the
survey with atotal of 131 thousand square meters of floorspace. Total floorspace for the institutional
sector included in the survey is 7.2 million square meters. By comparison, residentia buildings include
about 49 million square meters of floorspace.

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%, industria sector 34%,
ingtitutional sector 11%, 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 ingtitutional buildings included in this assessment, the educationa 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 smple 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 eva uated based on simple payback, IRR, and NPV.

The estimated averages for efficiency potential range from 20% of baseline energy use for art
gdleries and museums to 29% for theaters. For education buildings, cultura buildings, and hospita
adminigtration buildings, the bulk of the efficiency potentid 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 controlsis
reduced because of the 24-hour occupancy schedule; however, high hot water use levels result in
additional efficiency potentia 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 $4.31
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 atotal
investment of $31.1 million.

The performance of the efficiency measure package varies as a function of building size, age, and
function. In generd IRR islower for small and older buildings. By function, IRR is lowest for hospital
adminigtration buildings (16%) and art galleriesymuseums (13%), 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 10%, the minimum value for which the net present
valueis postive. For the value of the IRR to fal below 10%, 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 fal to 10%.
The cost of materials would have to more than double for the IRR to fal below 10% in al but hospital
administration buildings and art galleriesmuseums, for which the cost of materials would have to escalate
by 20% to 60% (see Table 3.4).
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Asaresult of energy efficiency improvements, areduction of $1.7 million in energy bills is estimated
in the first year, increasing to over $9 million annualy when the installation of efficiency measuresis
completed in the fifth year of the program. The reduction in energy costs trandates to additional funding
available for redirection to other usesin the agencies or reductions in the state and municipa budgets. The
reduced consumption of energy aso trandates 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
NOy, 232 metric tons of SOy, and 85,427 metric tons of CO, 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

I nstitutional Building Stock Survey and Data Collection

A.1 General Description

Kyiv, the capita of Ukraine, is situated on the banks of the Dnieper River and has a population of
about 2.8 million. The city isdivided into 14 districts and covers an area of about 80,000 hectares
(200,000 acres). Overdl the city contains about 50,000 buildings including residential, industrid,
commercia, and public (ingtitutional) buildings. Thereisalarge industrid area aong the Dnieper River,
and anewly developed area, with primarily residentia buildings, on the outskirts of the left (East) bank.
Institutional buildings are spread throughout the city, but the mgority are located on the right (West) bank
in the older parts of the city.

Ingtitutional buildings are a diverse category that includes buildings with various socia functions, such
as:

- healthcare (hospitals, polyclinics, medical research ingtitutes, etc.)

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

- professional and higher education (professiond colleges, ingtitutes, universities, academies, student
hostels, etc.)

- socid and cultural ingtitutions (museums, theaters, concert halls, libraries, sport complexes, etc.)

- adminigtration and office buildings (ministries, committees, city and district administrations, various
municipal organizations, research and design ingtitutes, etc.).

The god of the project was to consider only those buildings with state or municipa (city and district)
ownership. Until quite recently, the state was the nominal owner of amost al rea-estate property. State
and municipa ingtitutions acted as actual owners who were responsible for accounting procedures and
maintenance of buildings. In this capacity there are such mgjor institutions as ministries, state committees,
ministry-level organizations (e.g., National Agency for Reconstruction and Devel opment, State Property
Fund, etc.), and the city and district administrations. Ministries and state committees,
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gpart from their own buildings, may have in their subordination research, design, and educational ingtitutes,
research and development bureaus, etc. Although formally subordinated, these ingtitutions act as separate
legd entities with full rights of property disposa (except selling the property).

As aresult of insufficient financing from the state and municipal budgets, these ingtitutions are usualy
forced to rent their buildings to government or commercia 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 municipa property, and public buildings are being sold to private owners. As aresult, the
indtitutiona buildings stock is undergoing rapid changes and cannot be regarded as fixed.

A.1.1 Targeted Buildings

Because the purpose of this study is to provide an assessment of the ingtitutiona buildings sector
efficiency potential and investment level for a potential World Bank oan, the focus was on institutional
buildings with large populations administered by a single owner. It is more likely that such owners will
consider aloan 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 borrowers.
In addition, the willingness of large owners to provide data and to cooperate during the survey phase was
apostive sign of their interest in obtaining the potentia 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 maority of higher and professiona
education buildings are subordinated to the Ministry of Education, and some other ministries have their
own educational establishments. Healthcare ingtitutions (hospitals, polyclinics, etc.) are owned by the city
and the Ministry of Health. There is amuch 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 substantial
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 ingtitutions. 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 implementation costs.
Institutional buildings in other categories were not built according to the same standard designs and would
require an individua approach.
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Another category with alarge number of buildingsis research and design ingtitutes. Here the largest
owner isthe Ukrainian National Academy of Sciences. It has dozens of ingtitutes in its structure, although
each of them isregarded as a separate lega identity. The Situation here is quite complicated, as the
Academy is now in the process of restructuring, and the privatization processis under way. Asaresult,
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 dso
have separate legal identities and, under conditions of insufficient financing, are usualy forced to rent their
office space to various commercia structures or state organizations.

TablesA.1 and A.2 present summary information on the number of buildings and floorspace for
9 categories of buildings. hospitals, polyclinics, and hospitd administration buildings, kindergartens,
secondary schools, higher education buildings, and student hostels; and theaters and art galleries/
museums. Data for hedthcare facilities primarily include information for buildings owned and operated by
the Municipa Department of Health. Data on healthcare ingtitutions with other owners (Cabinet of
Ministers, Ministry of Defense, Ministry of Internal Affairs and the National Safety Service) are not
available. Hedlthcare units not located in separate buildings were not assessed for efficiency potential, as
well as those where the efficiency potentid is relatively small and implementation of energy conservation
opportunities does not make sense (pathol ogies, laundries, garages, warehouses, €tc.).

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 andlysis are prior to 1958, 1958 to 1980, and after 1980; gradation by sizeissmall (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 hest
insulation levels. For these buildings, it is difficult to make an accurate estimate of thermal resistance
vauesfor the building envelope. However, available reference information alows 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 eements (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. Practicaly al buildings were designed and constructed to minimize their cost, o the
building envelope had the minimum possible thickness.
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Table A.1. Number of Buildings by Vintage and Size

Number of Buildings by Vintage and Size

Ingtitutional Building Pre-1958 1958-1980 Post-1980 Total Number
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 41 26 5 12 2 30 3 2 19 160

Polyclinics 25 8 1 10 22 3 4 14 23 110

Administration A 2 1 13 5 4 3 3 4 69

Subtotal 100 36 7 35 49 37 10 19 46 339
Municipal Dept. of Ed.

Kindergartens 43 1 0 375 0 0 153 28 0 600

Schools 7 95 0 11 185 0 7 84 0 339

Subtotal 50 9% 0 386 185 0 160 112 0 989
Ministry of Education

Education Buildings 4 32 5 9 43 48 4 7 22 174

Hostels 2 6 7 2 5 97 0 0 14 133

Subtotal 6 33 12 11 48 145 4 7 36 307
Municipal Dept. of Culture

Theaters 0 8 1 2 0 0 0 0 1 12

Art GalleriesMuseums 17 8 1 0 0 1 3 1 0 31

Subtotal 17 16 2 2 0 1 3 1 1 43
Total 1,678




Table A.2. Floorspace of Buildings by Vintage and Size ()

Floor space of Buildings by Vintage and Size (nf)

Ingtitutional Building Pre-1958 1958-1980 Post-1980 Floor space
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 58,026 58,475 15492 12437 61,374 191,483 10,357 12,863 216,618 637,125

Polyclinics 24,340 9,775 1,300 6,715 50,886 12,757 2,876 51,462 133,756 293,867

Administration 19,219 2487 3,100 9,189 8,735 16,022 2420 6,261 24812 92,245

Subtotal 101,585 70,737 19,892 28,341 120,995 220,262 15,653 70,586 375,186 1,023,237
Municipal Dept. of Ed.

Kindergartens 47,867 1,427 0] 732806 0 0 431,920 98,306 0 1,312,326

Schools 12,792 531,414 0 19,409 | 1,419,251 0 19,987 801,415 0 2,804,268

Subtotal 60,659 532,841 0| 752215| 1419251 0 451,907 899,721 0 4,116,594
Ministry of Education

Education Buildings 18,648 182,982 26,924 19965 | 236144 430,404 11,664 51,559 250475 1,228,765

Hostels 8,722 26,399 31,525 3,840 39,189 539,789 80,650 730,614

Subtotal 27,370 200,881 58,449 23805 | 275333 970,193 11,664 51,559 331,125 1,959,379
Municipal Dept. of Culture

Theaters 0 38470 2,700 3453 0 0 0 0 3420 48,043

Art GalleriesMuseums 18334 15,159 5,380 0 0 20,000 3,585 2,900 0 65,358

Subtotal 18,334 53,629 8,080 3453 0 20,000 3,585 2,900 3420 113,401
Total 7,212,611




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. Asaresult, 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 officia 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 previoudy required.
But decreased volume of construction in recent years, and financia problems in the introduction of new
norms, led to the situation where by the end of 1996, the new norms had not yet substantialy 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 ingtitutional building types considered in this analysis have been
divided into groups characterized by the number of stories. The breskdown by stories was carried out
according to principles that make a basis for normative tables of energy-use intensity values, where these
vaues are smilar for different groups of buildings.

A.1.3 Data Collection M ethodology

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, Municipa Department of Health,
Municipa Department of Education, Ministry of Education, Municipal Department of Culture). Energy
savings potentia for corresponding building categories (hedthcare, education, cultura) 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 building 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 al 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
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Conservation organized a meeting with representatives of important structures. the Ministry of Hedlth,
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 dataareincluded in TablesA.1and A.2.

In addition, aletter 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 instructions
to a subordinate organization to provide help in collecting necessary data. This organization,
Kievzhilspetsekspluatatsia, is responsible for servicing residential and nonresidentia buildings in the city of
Kyiv. It worked with district administrations to provide the required data on buildings. Thiswork and the
andysis of obtained data have shown that the process of privatization and renting the buildings is quickly
changing the structure of ownership and financing. Pure municipa budget financing of office/
adminigtration buildingsis used only for buildings of city/district administrations (thet is, 15 buildings) and a
small number of other municipally owned buildings. The same s true for the ministries and other state
structures. Pure budget financing is applicable amost 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 hedthcare ingtitutions, athough owned and operated
by the city, were not included in the submitted data. Information on hedlthcare buildings was obtained with
the help of the Ministry of Health. There is a construction design ingtitute 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 bas's,
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 ingtitutions of higher education,
such as universities, academies, and institutes; and 41 technical colleges). The Ministry prepared letters to
subordinate ingtitutions that provided the data

Other state structures are too numerous to alow the collection of necessary information within the
timeframe of the project. (There are 54 ministries and state committees, National Academy of Sciences,
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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 (i.e., to maintain design
temperatures of 18°C). 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.1 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.
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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

ralves; Ao el crergy ase & Sstimaed o dhe Squadan

Qa = 24 hours/day * Qd * 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.3. Residential Buildings and Floorspace®

Number of - Floorspace
Year Dwellings Average Area (m?) (million m?)
1980 620,400 53.4 33.1
1985 701,300 54.4 38.1
1990 807,300 54.0 43.6
1991 b) (b) 44.5
1992 (b) (b) 45.5
1993 (b) (b) 46.3
1994 (b) (b) 47.2
1995 (b) (b) 48.1
1996 889,400 55.1 49.0
(a) Estimates for 1980-1990 are from TACIS (1994). Total floorspace estimates from 1991-
1996 are from Ekono Energy (1996). Number of dwellings in 1996 is from JTC (1996).
Average area in 1996 is estimated from the total floorspace and number of dwellings, and is
consistent with the trend toward larger apartments.
(b) No data available.

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

Specific Energy Demand (W/m?) Annual Annual
by Design Temperature Energy Use Energy Use
Stories -20°C -22°C -25°C (kWh/m?) (Geal/m?)
1-2 205 208 213 446 38
3-4 117 121 126 259 22
>5 79 82 86 176 15

where Qa is annual heat consumption in Geal, Qd is design heat load in Geal/hr, HDD is the number of
heating degree days per year, and AT is the difference between the design indoor temperature (18°C) and
the design outdoor temperature (-22°C). HDD is calculated as the difference between the design indoor
temperature (18°C) and the average outdoor temperature during the heating season (-1.1°C) times the
length of the heating season (187 days), or 3572 HDD. The value of FLEOH can be derived from this

equation as:

FLEOH = 24 hours/day * HDD =24 * 3,572 = 2,143 hours/year
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 Geal/m?.

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/m? (0.13 Gcal/m?) (based on net area),
and estimates actual consumption at 250 kwh/m? (0.22 Gcal/m?), or about 60% higher than the desngn
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 0.11 to
0.28 Mwh/m? (0.09 to 0.24 Gcal/m?).

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/m? (0.16 Gcal/m?). 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/m?

(0.22 Geal/m?), 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 Geal/m* in 1995 with energy supply constraints, and about 0.30 Gcal/m®
without energy supply constraints.
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Table B.5. Kievenergo 1995 Actual District Heat Supply (JTC 1996)

Heat Supply Percentage of Total
Type of Customer (1000 Gcal)® Heat Supply
Industrial 4,188 31.1
Communal Housing 13 0.1
Residential Housing 7,669 57.0
Construction Coop. Housing 1,560 11.6
Green Houses 22 0.2
Garage Construction Coop. 14 0.1
Wholesale Customers and Dist. -- --
Total - 13,454 100
(a) Total heat supply is not exactly equal to the sum of the components in the
reference. The estimates given here are as cited in Joseph Technology Corporation
(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 Gcal/m?, compared to space heat energy use of 0.16 Geal/m?, or
total heat energy use of 0.22 Geal/m®. 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 Geal/m®. Heat energy consumption for hot water is estimated as 28% of the total heat consumption,
or 0.07 Geal/m?, for a total heat consumption of 0.24 Gcal/m?. 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

Floorspace Annual Energy Use
Building Type (million m?) (thousand Geal)
2-story 4.8 2,569
5-story 16.8 3,545
9-story 16.8 3,545
14-story 9.6 2,026
Total 48.1 11,685
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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 ingtitutional and residential buildings sectors.
Material costs and quantities are also presented for average buildings for the ingtitutional sector.® The
quantities of material for the ingtitutional buildings were estimated based on analysis of specific buildingsin
Kyiv, or based on design calculations. Per unit labor requirements were based on professiond 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 quartities 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 ingtdl 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.1 Institutional Buildings Sector

The indtitutiona buildings sector is modeed using nine categories of buildings. hospitas, polyclinics,
and hospita administration buildings; kindergartens, schools, higher education buildings and student hostels;
and theaters and art galleriesmuseums. 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
resdential 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 mode the ingtitutional buildings sector. These are presented in Table C.1.

(a) For adiscussion of the conversion from prototype to average buildings, see Section 3.2.1.
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Table C.1. Ingtitutiona Building Sector Prototypes

Number
Building Type Building Subtypes Prototypes
Hospitals 1 to 2 stories before 1958 1
2 10 4 stories, 1958-1980 and after 1980 2
>4 gories, 1958-1980 and after 1980 2
Polyclinics 1 to 2 stories before 1958 1
310 4 stories, 1958-1980 and after 1980 2
>4 gtories after 1980 1
Hospita Administration | 1 to 2 stories before 1958 and 1958-1980 2
>4 gtories, 1958-1980 and after 1980 2
Kindergartens 1to 2 Sories, al age groups 3
Schools 3to 4 stories, dl age groups 3
Higher Education 3to 4 dories, al age groups 3
>4 gories, 1958-1980 and after 1980 2
Hogtels 5 stories and 9 stories 2
Theaters 1 to 2 stories, 1958-1980 1
3 to 4 stories, before 1958 1
>4 stories, after 1980 1
Art GdleriesMuseums | 1 to 2 stories, before 1958 and after 1980 2
3 to 4 stories, before 1958 1
>4 stories, after 1980 1
Total 33

Table C.2 provides the estimated installed cost of the 20 measures considered applicable to
ingtitutional buildings in Kyiv. The cogts 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
genera building categories. Not al retrofit options apply to each building prototype. For example, ceiling
fans are only applicable in buildings with high cellings, such as cultura buildings. In addition, many retrofit
mesasures are not found to be cost-effective in some or al 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 indtitutional 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 cogts in Table C.5 match the per building investment requirementsin Appendix E, Table E.1.
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Table C.2. Measure Cost Data

Equipment Labor Total Cost
Measure Per Unit Hour S/Unit Ratio Cost/Unit ($)@ Per Unit
Category/Description Unit Cost ($) | Domestic | Foreign | Dom./For. | Domestic | Foreign | Installed ($)
Envedope
Exterior SdeWalls nt 1050 0.92 0.18 5 4.58 10.08 25.17
Roof Insulation nt 2341 0.28 0.06 5 142 312 2794
Attic Insulation nt 6.45 0.31 0.06 5 154 3.39 11.38
Basement Floor Insulation nt 6.00 0.10 0.02 5 0.50 1.10 7.59
Weatherstrip Windows and Doors m 0.90 0.09 0.01 8 0.44 0.61 1.96
Storm Windows and Weatherstripping each 60.00 417 0.83 5 20.83 45.83 127
High Perf. Glass and Weatherstripping nt 24.50 117 0.23 5 5.83 12.83 4317
Third Window Pane nt 13.00 111 0.22 5 5.53 12.16 30.68
Radiator Heat Reflectors each 5.16 0.33 0.04 8 164 2.26 9.07
Air Handling
Ceiling Fans per fan 163 250 050 5 12,50 27.50 203
Ventilation Heat Recovery m/hr 2.20 0.03 0.01 5 0.13 0.28 2.60
Domestic Water Heating
Hot Water Heat Exchanger (weighted average) bldg. 1,748 27.62 552 5 138 304 2,190
Storage Water Heater bldg. 2,480 41.67 8.33 5 208 458 3,147
L ow-Flow Showerheads each 7.69 0.22 0.03 8 111 153 10.32
Faucet Aerators each 3.00 013 0.02 8 0.67 092 458
Apartment-Level Meters each 95 250 050 5 1250 2750 135
Insulate Pipes m 3.30 0.17 0.03 5 0.85 187 6.02
Heating System
Building-Level Meters each 2,800 10.00 2.00 5 50 110 2,960
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 5 417 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

Institutional Envelope|Weather strip| Air Handling Domestic Water Heating Heating System
Building Owner Radiator | Windows Celling Low-Flow|Faucet Flow| Heat |Building| Riser Bal.| System
and Category Reflector Doors Fans Shower | Restrictors | Exch. | Meters | Valves | Retrofit
Municipa Dept. of Hedth
Hospitals X X X X X X X X
Polyclinics X X X X X X X
Adminigtration X X X X X X
Municipa Dept. of Ed.
Kindergartens X X X X X X X
Schools X X X X X X X
Ministry of Education
Education Buildings X X X X X X X X
Hostels X X X X X X X X
Municipa Dept. of Culture
Theaters X X X X X X
Art GaleriesMuseums X X X X X X




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

Radiator Weather- Ceiling Heating Shower- Heat DHW Total
Institutional Building Reflector stripping Fans Syst. Ret. heads Aerators Meters Heat Ex.
Prototype Each {Cost ($)f Meters [Cost (8) Each [Cost ($) Bldg(a) | Cost ($)] Each JCost (S} Each |Cost (S)] Each Cost () JEach(a)[Cost () Cost ($)
{Small Hospital, before 1957 971 8751 731] 1,430 0 Of 094 84571 16| 165 22 99 2] 5.005] 2.06] 4510] 16,033
JMedium Hospital, before 1957 194] 1,759] 1,463] 2,860 0 of 142] 12842 32 330 43 199 2] 5939 313] 6849 @"
edium Hospital, 1958 to 1980 194] 1,759] 1,463] 2860 0 of 42 12842 32 330 43 199 2| 6229 313] 6849 24213
arge Hospital, 1958 to 1980 291 2638] 2,194] 4.290] 0 o 167] 15034 48] 49 65] 298 I _3330] 366] 8018 26,087
arge Hospital, after 1980 2911 2,638] 2,194] 4200 0 of 167] 15034 48] 49 65| 293 1 19451 366] 8018 24,702)|
Small Polyclinic, before 1957 97] 879) 731] 1430 0 of 093] 8404 16 0| 22 99) 2| 68008 102 2241 1761
JiMedium Polycfinic, 1958 to 1980 194) 1,759] 1463 23860 0 of 129 116528 32 0| 43]  199] 3) 84358 1.42] 3707 24,904]|
[Medium Polyclinic, after 1980 194 1,759] 1,463 2,860 0 of 129 11,652 32 0 43| 199 37518 142] 3107] 20220,
[ILarge Polyclinic, after 1980 291] 2,638] 2,194] 4290 0 of 184] 16632] 48 0 65| 298 1 _3655] 203] 4435 27,513))
[iSmall Hosp. Admin__ before 1957 o7f 8791 731] 1430 0 o] 093] 8404] 16 0 22 0 105658 0.34] 7a7] 71074
mall Hosp.Admin., 1958 to 1980 97f 879 731 1430 0 of 093] 8404 16 0) 22 0 39762 034] 747 30473
arge Hosp. Admin., 1958 to 1980 291 2,638] 2,194] 4,290 0 of 184] 16632] as 0 65 0| 31 8223 o068] 1478 31734
arge Hosp. Admin., after 1980 291] 2638] 2,194] 4,290 0 of 184 16632] 48 0 65 0 I 3427) 068] 1.478] 26987
[Kindergartens, before 1957 140] 1,269] 2,056] 4,021 0 of 1s1] 13578f 1o 0 25 115 Sf 142308 124] 2716] 33213
[[Kindergartens, 1958 to 1980 140f 1,269] 2,056] 4,021 0 of tsif 13578 10 [ 25 115 3 18] 124] 2716] 27.1a1)f
{Kindergartens, after 1980 140] 1,269] 2,056] 4,021 0 of 151} 13578 10 0 25 115] 2| s442]  1.24] 2716] 24425
O [chools, before 1957 280 2538] 4,113] 8043 0 of  204] 18422 20 0 50| 229 2] 5977) i.68] 3684] 35210
' [Schools, 1958 to 1980 2801 2,538] 4,113] 8,043 0 of  204] 18422 20 0 50f 229 Y 4344) 1.68] 3684] 33577
{Ischools, after 1980 280] 2,538) 4,113] 8,043 0 o] 204] 18422] 20 0| Sof 229 1) 3533) 1.68] 3684] 32706
|Med. Higher Ed__ before 1958 140) 1.269] 2,056] 4,021 0 of 1si] 13578 20 0| 25 115 1 2860] "124] 2,716] 21,843
JMed. Higher Ed_, 1958 to 1980 140] 1,269) 2,056] 4,021 0 of 151] 13,578 10 0 251 115 1 32370 1.24] 2716] 22.220)
(Med. Higher Ed_, after 1980 140] 1,269] 2,056] 4,021 0 of 1s1f 13578 10 0| 25 113] Y 2774 124] 2,716] 21.756]
lILarge Higher Ed., 1958 to 1980 280] 2,538] 4,113] 3.043 0 of 207} 18653] 20 0 50| 229 1y 3556] 170] 3731 33020)
[ILarge Higher Ed., after 1980 280 2,538] 4,113] 8,043 0 of  207] 18653 20 0) 50| 229 1) 2801 1.70] 3,731 32265
lMedium Hostels 300 2,720 0 0 0 O 137] 12,388] 9ol o200 1s0] 835 1f 2744] 1.76] 33854] 23 460)
JlLarge Hostels 405} 3,672 0 0 0 Of 142 12,768] 108[ 1,115] 216] 990 H_3244) 181] 3,972 25760)
lsmall Theaters 0 Of 1554 3,039] 14] 2842 160 14405 0 0) 0 0) 31 7821} 028] 607] 23.108
[Medium Theaters 0 Of t.5s4f 3.039) 14] 2.842] 160 14,405 0 0) 0 0, 112952 028] 07| 23238
[lLarge Theaters 0 Of 1554 3.039] 14] 2843] 160 14405 0, 0, 0 0 1 3948] 0281 607] 24,235
JiSmall Art Galleries/Museums, before 1958 0 O} 2,191 4294] 15| 3.045]  166] 14977 0 0) 0 0 5 13482] 029] 631 35794
([Small Art Galleries/Museums, after 1980 0 Of 2,096 4294] 151 3.045]  1.66] 14977 0 0 0 0 3] 8968) 029] e31] 31,285
JiMedium Art Galleries/Museurns 0 Of 21961 4294] 15| 3,045]  1.66] 14.977 0 0) 0) 0 21 6371) 029] 631] 23688
arge Art Galleries/Museums 0 Of 2196 4.294] 15[ 3045 166 14977 0 0 0 0| 2 7277 029  631] 23,044

a) Heating system retrofit and hot water heat exchanger costs and costs per unit capacity are a function of system size. The quantity value expressed here, when multiplied by the average
system cost, yields the system cost for each building prototype. It does not have any other physical significance.
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Table C.5. Average Institutional Building Requirements and Costs

Radiator Weather- Ceiling Heating Shower- Heat DHW
Refl S stripping Fans Syst. Ret. heads Aerators Meters Heat Ex. Total
Institutional Building Type Each|Cost (8] Meters | Cost ($) JEach Cost($) | Bldg | Cost($) JEachiCost (§{EachiCost ($]Each|Cost (S JEach| Cost ($) § Cost($)
[Small Hospital, before 1957 571 520 432 8461 0 0| 0.55 5,001 9 981 13 59] 1.00] 2.960f 1.22 2,667 12,151
Medium Hospital, before 1957 91 826 687 1,344 0 0 0.67 6,033 15 155) 20 93] 0.94] 2,7901 0.68 3,218} 14.460
[Medium Hospital, 1958 to 1980 113] 1,025 852 1,667, 0 4] 0.83 7484) 19 193] 25 1164 1.23} 3,630} 1.82 3,991 18,105}
[Large Hospital, 1958 to 1980 259] 2,345 1,950 3,814 0 0 1.48 13,363F 43 4418 58] 265) 1.00] 2.960] 3.26 7.127¢ 30,314}
Large Hospital, after {980 462 4,188 3,483 6,812 0 0 2.65) 23869F 76j 787] 103 473] 1.04{ 3,088 5.81 12,730] 51,948}l
iSmali Polyclinic, before 1957 39 358 297 582, 0 0 0.38 3,419 7 0l 9 401 0.93] 2,767} 0.42 912 8,077l
[Medium Polyclinic, 1958 to 1980 941 850 707 1,382 0 0| 0.62 56301 15 of 21 96) 1.38] 4.075) 0.69 1,501 13,534
Medium Polyclinic, after {980 149) 1,350, 1,123 2,19 0 0 0.99 89471 25 0] 33 152§ 6.97{ 2,880] 1.09 2,386 17,912,
|Large Polyclinic, after 1980 236] 2,136 1,777 3.475 0 [ 1491 13,469 39 of 53 2411 1.00] 2,960] 1.64 3,592 25.873
Small Hosp. Admin., before 1957 23] 208 173 338 0 0] 022 1,985 4 0 5 0] 0.84] 2.496) 0.08 176, 5,203
Small Hosp. Admin., 1958 to 1980 29] 260 216 422 0 0 0.28 2,482 5 0/ 6 0} 0.971 2,884} 0.10 221 6,269
[Large Hosp. Admin., 1958 to 1980 162 1,471 1,224 2,393 0 0 1.03 9,277 27 ot 36 0§ 1.55] 4,587} 0.38 825) 18,553
Large Hosp. Admin,, after 1980 251 2,279 1,895 3,706 0 0] 1.59 14,367 41 o) 56 0] 1.00] 2,960] 0.58 1,277} 24,589
Kindergartens, before 1957 29 262 425 831 0 0 0.31 2,806, 2 0 5 241 0.99] 2,941} 0.26 561 7,426
|[Kindergartens, 1958 to 1980 51 460 746 1,459 0 0 0.55 4,926 4 ¥} 9 421 1.00] 2,960} 0.45 985 10,833
IKindcrganens, after 1980 73 665 1,078 2,108 0 ) 0.79 7,117 5 of 13 60} 0.96] 2.852] 0.65 1,423 14,225
Schools, before 1957 145) 1,318 2,136 4,176 0 ) 1.06 9.566] 10 0y 26 1191 1.05] 3,103} 0.87 19131 20,196]
ISchools 1958 to 1980 199] 1,808, 2,929 5,728 0 0 145 13,119} 14 of__36 163} 1.05{ 3,094) 120 2,624]) 26,535
Schools, after 1980 248| 2248 3,643 7,123 0 0] 1.81 16,3151 18 Of 441 203} 1.06] 3,129] 149 3,2631  32,280]
Med. Higher Ed., before 1958 149] 1,347 2,183 4,269 0 0! 1.60 14415) 21 0] 27 122§ 1.03] 3,0361 132 2.883] 26,073
Med. Higher Ed., 1958 to 1980 143] 1,294 2,097 4,100 0 0 1.54 13,844) 10 0f 25 1178 1.12] 3,300§ 1.26 2,769 25425
Med. Higher Ed., after 1980 191} 1,735 2,812 5,499 0 0 2.06 18,568f 14 0] 34 157§ 1.28] 3,793 1.7¢ 3,714]  33.467
[Large Higher Ed., 1958 to 1980 2331 2,113 3,423 6,695, 0 0 1.72 15,526] 17 0] 42 191§ 1.00] 2,960} 142 3,105] 30,589
Large Higher Ed., after 1980 296| 2,683 4,347 8,500 Q 0 2.19 19,7141 2% Of 531 242} 1.00] 2,960§ 180 3,943] 38,041
Medium Hostels 352] 3,188 [1] 0 0 0| 2 14,522} 106] 1,089} 211 967] 1.09] 3,217} 2.06 4518) 27,502
Large Hostels 370] 3,350, 0 0 [ 0 1 11,651 991 1.018) 197 903} 1.00] 2,960} 1.66 3,625 23,507
mall Theaters 0 0 588 1,150 5 1,076, 0.60 5.452) g 0] 0 0] 1.00} 2.960§ 0.10 230} 10,867
Medium Theaters 0 0 1,638 3,203] 15 2,996 1.68 15,185 0 0 0 0f 1.05{ 3,112 0.29 639}  25,135)
arge Theaters Y 0 1,163 2,278} 10 2,131 1.201 10,799 0 () [ 0} 1.00] 2,960} 0.21 455 18,62)3“
mall Art Galleries/Museums, before 1958 0 0 482 943 3 669 0.36 3,288 [{] 0 0 0] 1.00] 2.960¢ 0.06 1384 7,998
mall Art Galleries/Museums, after 1980 0 0| 534 1,045 4 741 040 3,644, 0 0 0 0§ 0.74] 2,182 0.07 153 7,764
Medium Art Galleries/Museums Q 0 847 1,657 6 1,175 0.64 5,778 [ 0 0 0} 0.83} 2,458] 0.11 243 11,310
ILarge Art Galleries/M 0 0 8,941 174851 61 12,398 6.76] 60,983 0 0 0 0f 8.761 29601 1.17 2,568) 96,394
a) Heating system retrofit and hot water heat exchanger costs and costs per unit capacity are a function of system size. The quantity value expressed here, when multiplied by the
average system cost, Zields the system cost for each building prototype. It does not have any other physical significance.




C.2 Residential Building Sector

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 Russa. Where
necessary, material costs were revised to reflect typical costsin Ukraine. Energy savings estimates were
developed using asimulation model. The modd inputs were adopted from a study of residential sector
buildings in the Czech Republic (PNNL 1996) and matched to the most similar prototypesin the Russia
EHDP andysis. Finaly, resdential 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.

Table C.6. Residentiad Section Building Prototypes

Building Type Floor space (million nv)
2-gtory, Brick Construction, with Attic 4.81
5-gtory, Panel Congtruction, with Attic 16.84
9-story, Panel Construction, No Attic 16.84
14-gtory, Panel Congtruction, No Attic 9.62
Total 48.10
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Table C.7. Resdentia Prototype Building Materid Requirements and Costs

Substation Building Heat | Apartment Hot
Reflectors Controls Shower heads Aerators Meters Water Meters | Total

Prototype | Each | Cost ($) | Bldg. | Cost | Each [Cost ($)| Each [Cost ($)| Each | Cost | Each |Cost ($)|Cost ($)
(%) (%)

2-story 22 203 | 020 | 1,609 8 112 16 80| 1 2,960 8 1080 6,044
5-story 300 2,770 | 158 | 12,588 NDO 1,259 180 90| 1 2,960 Q0 | 12150| 32,626
9-story 405 3,740 | 163 | 12,974 108| 1510 216| 1080| 1 2960 108 | 14580| 36,844
14-story 364 3361 | 166 | 13,200 98| 1371 196 980| 1 2,960 98 | 13230| 35102




Appendix D

Efficiency Measure Performance Analysis



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 evauation and estimated efficiency potentia for the ingtitutional and residential sectors.

D.1.1 Common Economic Values

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

Vaues of key economic factors underlying the analysis are

- price of digtrict heat energy is $22/Gcal

- real annua escalation rate of district heat energy is 2.5%

- ratio of Ukrainian to foreign labor ranges from 5:1 to 8:1, depending on the efficiency measure
- hourly wage of foreign labor is $55.00

- hourly wage of Ukrainian labor is $5.00

. annua red 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
resdential sectorsusing A Smplified Analysis Method (ASEAM) building energy simulation program
applied to the building prototypes described in Appendix C. Wesather data for Kyiv were used in the smu-
lations, with Kyiv having an estimated 3572 hesating 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. Findly, 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 residentid prototypes may not fully reflect the residentia 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 Ingtitutional Sector

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

- window and door wegtherstripping
- radiator reflectors
. substation-leved heat controller

- riser balancing valves

(a) Heating degree days in Ukraine are defined as the product of the length of the heating season
(187 days in Kyiv) and the difference between the design indoor temperature and the outdoor average
temperature (18°C and -1.1°C, respectively).
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- hot water heat exchangers
- low-flow showerheads

- faucet aerators

- cdling fans.

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

The economic performance for the institutional sector prototypesis shown in Tables D.1to D.3 for
the three economic criteria. Simple paybacks by prototype building range from 3.3 years for schoals, to
nearly 7.4 yearsfor art galleriemuseums. Simple paybacks are lowest for buildings constructed between
1958 and 1980 due to the construction practicesin 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 aso 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
ingtitutional 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 ingtitutiona sector floorspace included in this analysis.

The sengitivity 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 isrelatively sensitive to changesin
measure performance and materia costs for hospital administration buildings and art galleries/museums,
but relatively insengitive for other building types. Materia 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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TableD.1. Ingtitutional Building Sector Smple Paybacks

Simple Payback by Vintage and Size (years)

Institutional Building Pre-1958 1958-1980 Post-1980 Weighted
Owner and Category | <3 Stories | 3-4 Stories | >4 Stories | <3 Stories | 3-4 Stories | >4 Stories | <3 Stories | 3-4 Stories | >4 Stories | Average
Municipal Dept. of Health
Hospitals 7.6 6.9 6.9 3.8 3.8 2.9 3.8 3.3 3.3 3.8
Polyclinics 8.7 8.7 8.7 3.9 3.9 3.9 3.9 3.9 3.8 4.3
Administration 12.8 12.8 12.8 6.6 4.0 4.0 6.6 4.0 4.0 6.1
Municipa Dept. of Ed.
Kindergartens 7.9 7.9 3.5 3.7 3.7 3.6
Schools 4.8 4.8 3.0 3.0 3.3 3.3 3.3
Ministry of Education
Education Buildings 54 54 54 2.9 2.9 3.0 3.3 3.3 3.3 34
Hostels 5.3 5.3 5.3 5.3 5.3 3.9 5.3 4.2
Municipa Dept. of
Culture®
Theaters 4.1 4.1 3.2 3.7 3.9
Art GalleriesMuseums 10.7 8.6 8.6 4.7 6.4 6.4 7.4
All Buildings 3.6

(a) Payback calculations include costs for dectricity consumed in ceiling fans, and hence will differ dightly from payback estimated from heat
energy cost savings and investment costs. The difference is less than 2 percent.




Table D.2. Ingtitutional Building Sector Interna Rate of Return

Internal Rate of Return by Vintage and Size (%)

Ingtitutional Building Pre-1958 1958-1980 Post-1980 Weighted

Owner and Category | <3 Stories| 3-4 Stories | >4 Stories | <3 Stories| 3-4 Stories | >4 Stories| <3 Stories| 3-4 Stories | >4 Stories |  Average
Municipal Dept. of Health

Hospitals 124 142 142 282 28.2 36.2 282 R4 R4 278

Polyclinics 99 99 99 271 27.1 274 27.1 274 276 244

Administration 43 43 43 15.0 26.3 26.3 15.0 26.3 26.1 164
Municipal Dept. of Ed.

Kindergartens 116 116 30.6 288 288 317

Schools 218 218 354 354 318 318 29.1
Ministry of Education

Education Buildings 191 191 19.1 36.2 36.2 359 317 317 322 316

Hostels 195 195 195 195 195 275 195 254
Municipal Dept. of Culture

Theaters 26.1 26.1 327 285 26.8

Art GalleriesMuseums 6.8 102 102 221 154 154 129
All Buildings 29.2




Table D.3. Ingtitutiona Building Sector Net Present Vaue

Net Present Value by Vintage and Size ($)

Ingtitutional Building Pre-1958 1958-1980 Post-1980 Floor space

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 | 1419859 3,801,676

Polyclinics -24,403 -9,800 -1,303 34,464 261,169 52,921 14,761 213484 498,678 1,039,970

Administration -55,146 -7,136 -8,895 29,974 28,316 51,939 7,84 20,296 66,241 133,483

Subtotal -28,265 39,309 4,703 160,640 764,221 1,628,884 102,767 318093 | 1,984,778 4975129
Municipal Dept. of Ed.

Kindergartens 25,783 769 0| 5,971,965 0 0| 2,668563 607,371 0| 9274450

Schools 20,981 1,245,493 0 122,033 | 8923438 0 9,084 | 3972941 0| 14,392,970

Subtotal 55,764 1,246,262 0| 6093997 | 8923438 0| 2,767,647 | 4,580,312 0| 23,667,420
Ministry of Education

Education Buildings 45,216 443,680 65,283 179,002 | 2117,216| 2,724,355 77,227 341372 | 1251,144| 7,244,495

Hostels 26,092 80,468 94,306 11,487 117,233| 2,796,618 0 0 241,263 3,367,467

Subtotal 71,308 524,148 159,590 190489 | 2234,449| 5520973 71,227 341372 | 1,492,407| 10,611,962
Municipal Dept. of Culture

Theaters 0 235,735 16,545 44,262 0 0 0 0 25,297 321,839

Art GalleriesMuseums -22,143 9,559 3,393 0 0 71,943 10171 8,228 0 81,152

Subtotal -22,143 245294 19,938 44,262 0 71,943 10171 8,228 25,297 402,991

Total

39,657,502




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

Economic Metric

Building Type Payback IRR (%) NPV ($)

Hospitals 3.8 27.8 3,801,676
Polyclinics 4.3 24.4 1,039,970
Administration 6.1 164 133,483
Kindergartens 3.6 317 9,274,450
Schools 3.3 29.1 14,392,970
Higher Education 34 31.6 7,244,495
Hogtels 4.2 254 3,367,467
Theaters 3.9 26.8 321,839
Art GaleriesMuseums 7.4 129 81,152
Total 3.6 29.2 39,657,502
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Table D.5. Sendtivity of Ingtitutional Sector Internal Rate of Return to Efficiency Measure Performance

IRR as a Function of Energy Savings (%)

Energy Savings - Hospital |Kinder- Higher Art
% of Estimated | Hospital | Polyclinic| Admin. |gartens| Schools |Education| Hostels |[Theaters| Galleries/
Museums

100 27.8 24.4 16.4 31.7 29.1 31.6 25.4 26.8 12.9

95 26.3 23.1 15.4 30.1 27.6 30.0 24.0 25.4 12.0

0 24.9 21.8 14.3 28.5 26.1 28.4 22.7 24.0 11.0

85 23.4 20.4 13.3 26.9 24.6 26.8 21.3 22.6 10.1

80 21.9 19.1 12.2 25.2 23.1 25.1 19.9 21.1 9.1

75 20.4 17.7 11.1 23.6 21.5 23.5 18.5 19.6 8.0

70 18.9 16.3 9.9 21.9 19.9 21.8 17.0 18.1 7.0

65 17.3 14.8 8.7 20.1 18.3 20.1 15.5 16.6 59

60 15.7 13.3 7.5 18.4 16.6 18.3 14.0 15.0 4.8

55 14.0 11.8 6.2 16.5 14.9 16.5 12.4 13.3 3.6

50 12.3 10.1 4.9 14.7 13.1 14.6 10.7 11.6 2.3

45 10.5 8.4 34 12.7 11.2 12.7 9.0 9.8 1.0

40 8.6 6.7 1.9 10.7 9.3 10.6 7.2 7.9 -0.5




Table D.6. Sendtivity of Ingtitutional Sector Internal Rate of Return to Efficiency Measure Installed Costs

IRR as a Function of Installed Costs (%)

Energy Savings - Hospital |Kinder- Higher Art
% of Estimated | Hospital | Polyclinic| Admin. |gartens| Schools |Education| Hostels |Theaters| Galleries/
Museums

100 27.8 24.4 16.4 31.7 29.1 31.6 25.4 26.8 12.9

120 22.9 20.0 129 26.3 24.1 26.2 20.8 221 9.8

140 19.3 16.7 10.2 22.3 20.4 22.3 17.4 18.6 7.3

160 16.5 14.1 8.1 19.2 174 19.2 14.7 15.8 54

180 14.2 11.9 6.4 16.7 15.1 16.7 12.6 13.6 3.8

200 12.3 10.1 4.9 14.7 13.1 14.6 10.7 11.7 2.4

220 10.6 8.6 3.6 12.9 11.4 12.8 9.2 10.1 12

240 9.2 7.3 2.4 114 10.0 11.3 7.8 8.7 0.2

260 8.0 6.1 1.4 10.0 8.7 10.0 6.6 7.4 -0.8




D.2.2 Residential Sector

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

criteria
- radiator reflectors
- low-flow showerheads
- faucet aerators
- substation heat controller

- building heat meters.

The economic performance for the residential sector prototypes is shown in Table D.7 by the three
economic criteria. The sendgitivity of the IRR metric to fuel price and material costsis shown in

TablesD.8 and D.9.

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

Building Type | Payback (years) IRR (%) NPV (%)
2-story 4.5 234 5,679
5-story 4.0 26.4 38,463
9-story 3.0 35.7 71,303
14-story 2.5 41.6 85,331
Average 34 324 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%.

D.10




Table D.8. Senditivity of Residential Sector Internal Rate of Return to Efficiency Measure Performance

Energy Savings IRR as a Function of Energy Savings

% of Estimated 2-Story 5-Story 9-Story 14-Story
100 234 26.4 35.7 41.6
95 221 251 339 39.6
0 20.8 23.7 322 375
85 195 22.2 304 355
80 18.2 20.8 28.6 334
75 16.9 19.3 26.7 313
70 155 17.9 24.9 29.2
65 141 16.3 23.0 27.1
60 12.6 14.7 21.1 24.9
55 111 13.1 19.1 22.7
50 9.5 114 17.0 20.4
45 7.8 9.7 14.9 18.1
40 6.1 7.8 12.8 15.7
35 4.2 59 10.4 13.2
30 22 37 8.0 10.5

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

Installed Costs IRR asa Function of Installed Costs

% of Estimated 2-Story 5-Story 9-Story 14-Story
100 234 26.4 35.7 41.6
120 191 21.8 29.8 34.8
140 15.9 18.3 25.4 29.8
160 133 155 22.0 26.0
180 11.3 13.3 19.3 23.0
200 9.5 114 17.0 20.4
220 8.0 9.8 151 18.3
240 6.7 8.5 135 16.5
260 55 7.2 12.1 14.9
280 4.5 6.1 10.8 135
300 3.6 5.2 9.6 12.3
320 2.7 4.3 8.6 11.2
340 2.0 35 7.7 10.1
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D.3 Efficiency Potential

This section provides the estimated efficiency potential for both the institutional and residentia sectors.
The estimated potentia 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 Ingtitutional Sector

Estimates of institutional sector efficiency potential in Geal per year are presented in Table D.10 by
building type, vintage, and size. Table D.11 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%.

Annua institutiona buildings sector energy cost savings can be estimated from the annua 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 mgjority of savings are in the building types schools and kindergartens, which
dominate the buildings included in this analysis on the basis of floorgpace. Table D.13 summarizes the
efficiency potentia estimates by building category, and aso shows the fractional contribution of each
building category to the total energy savings.
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Table D.10. Energy Savings (Gcal/year)

Efficiency Potential of Buildings by Vintage and Size (Gcal/year)

Ingtitutional Building Pre-1958 1958-1980 Post-1980 Total Efficiency
Owner and Category  |<3 Stories|3-4 Stories|>4 Stories|<3 Stories|3-4 Stories|>4 Stories|<3 Stories|3-4 Stories|>4 Stories Potential

Municipal Dept. of Health

Hospitals 2923 2432 644 953 4,702 13,790 793 795 13,393 40,426
Polyclinics 1024 411 55 446 3,379 713 191 2,878 6,876 15974
Administration 613 7 9 549 446 819 144 320 1,079 4,148
Subtotal 4,560 2923 798 1947 8,527 15,322 1129 3,993 21,349 60,548

Municipal Dept. of Ed.

Kindergartens 1,792 53 0 51,983 0 0 26,258 5,976 0 86,063
Schools 428 17,791 0 oA 72677 0 898 36,016 0 128,805
Subtotal 2,220 17,845 0 52,977 72677 0 27,157 41,993 0 214,868

Ministry of Education

Education Buildings 701 6,880 1,012 1401 16,572 22,040 702 3101 11,257 63,665
Hostels 348 1074 1,259 153 1,565 26,235 0 0 3221 33,856
Subtotal 1,049 7,954 2,271 1554 18,137 48,275 702 3,101 14,478 97,521

Municipal Dept. of Culture

Theaters 0 2,205 155 302 0 0 0 0 227 2,889
Art GalleriessMuseums 568 470 167 0 0 909 163 132 0 2,409
Subtotal 568 2,675 322 302 0 909 163 132 227 5,299

Total 378,236




TableD.11. Percentage Energy Savings

Per centage Energy Savings of Buildings by Vintage and Size (%)

Ingtitutional Building Pre-1958 1958-1980 Post-1980 Weighted
Owner and Category <3 Stories | 3-4 Stories | >4 Stories | <3 Stories | 3-4 Stories| >4 Stories | <3 Stories | 3-4 Stories | >4 Stories | Average
Municipa Dept. of Health
Hospitd's 24.8 24.9 24.9 25.3 25.3 25.8 25.3 26.3 26.3 25.8
Polyclinics 25.9 25.9 25.9 27.4 27.4 27.4 27.4 274 27.4 27.2
Administration 235 235 235 24.7 275 275 24.7 275 27.8 26.2
Municipa Dept. of Ed.
Kindergartens 24.6 24.6 26.1 26.4 26.4 26.2
Schools 27.3 27.3 27.2 27.2 27.9 27.9 27.4
Ministry of Education
Educetion Buildings 24.7 24.7 24.7 25.8 25.8 27.2 26.2 26.2 27.9 26.5
Hostels 19.0 19.0 19.0 19.0 19.0 23.1 19.0 22.0
Municipal Dept. of Culture
Theaters 28.7 28.7 28.7 28.7 28.7
Art GalleriessMuseums | 19.6 19.6 19.6 19.6 19.6 19.6 19.6
All Buildings 26.2




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

Value of Efficiency Potential by Building, Vintage, and Size ($/year)

Pre-1958 1958-1980 Post-1980 Total
Ingtitutional Building Efficiency
Owner and Category <3 Stories|3-4 Stories| >4 Stories | <3 Stories | 3-4 Stories| >4 Stories| <3 Stories [ 3-4 Stories|>4 Stories| Potential
Municipal Dept. of Health
Hospitals 65,920 54,839 14,529 21486 106,029 310,969 17,893 17934 | 302,015 911,613
Polyclinics 23,098 9,276 1234 10,055 76,198 16,086 4,307 64,893 155,063 360,211
Administration 13812 1,787 2,228 12,369 10,066 18,463 3,257 7,215 24,335 93,532
Subtotal 102,830 65,903 17,990 43910 192,292 345,518 25457 90,042 | 481413 1,365355
Municipal Dept. of Ed.
Kindergartens 40,401 1,204 0| 1,172,226 0 0 592,124 134,769 0| 1,940,725
Schools 9,657 401,192 0 22412 | 1,638,873 0 20,255 812,167 0| 2,904,557
Subtotal 50,058 402,396 0| 1,194,639| 1,638,873 0 612,379 946,936 0| 4845282
Ministry of Education
Education Buildings 15,810 155,133 22,826 31594 | 373694 497,007 15821 69,934 | 253836| 1435655
Hostels 7,855 24,225 28,391 3458 35294 591,589 0 0 72,633 763,446
Subtotal 23,665 179,358 51,218 35053| 408987 | 1,08859 15821 69,934 | 326469 2,199,100
Municipal Dept. of Culture
Theaters 0 49,629 3439 6,711 0 0 0 0 5,068 64,848
Art GalleriesMuseums 12,707 10,542 3734 0 0 20,424 3,566 2,919 0 53,892
Subtotal 12,707 60,172 7,173 6,711 0 20,424 3,566 2,919 5,068 118,740
Total 8528477




Table D.13. Institutiona Buildings Sector Efficiency Potential

Efficiency Potential | Efficiency Potential Fraction of Total
Building Type (thousand Gcal) ($lyear) Savings (%)
Hospitds 40 911,613 10.7
Polyclinics 16 360,211 4.2
Adminigtration 4 93,532 11
Kindergartens 86 1,940,725 22.8
Schools 129 2,904,557 34.1
Higher Education 64 1,435,655 16.8
Hostels A 763,446 9.0
Theaters 3 64,848 0.8
Art GalleriesMuseums 2 53,892 0.6
Total 378 8,528477 100.0

D.3.2 Residential Sector

Table D.14 presents the cost-effective efficiency potential in the resdentia buildings sector by building

prototype, both in Geal and annua cost savings based on the first-year heat cost.

Table D.14. Resdentia Building Sector Efficiency Potential

Efficiency Potential Efficiency Potential | Fraction of Efficiency
Building Type | (thousand Gcal/year) (million $/year) Potential (%)
2-story 451 113 14.8
5-story 873 21.8 28.7
9-story 1,070 26.8 35.2
14-story 645 16.1 21.2
Total 3,039 76.0 100.0
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Appendix E

| nvestment 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 ingtitutional and residential sectors.

E.1.1 Institutional Sector

The total investment requirements estimated for the prototype buildings for the ingtitutional sector are
shown in Table E.1 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 sizein Table E.2. Findly, per-square-
meter investment levels are used in conjunction with floorspace estimates from Appendix A (Table A.1) to
estimate total ingtitutional sector investment requirements. These data are presented in Table E.3 dong
with the total investment requirements by building category, and the total investment requirements for the
ingtitutiona buildings sector.

Ingtitutional 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 ingtalled in al buildings, add an additiona $3,000 per building to the
investment requirements.

Investment requirements by building category are summarized in Table E.4. Tota ingtitutional sector
investment requirements are $31.1 million for 7.2 million square meters of floorspace, reflecting a
floorspace weighted mean investment level of $4.3U/n?. Thisinvestment level reflects afairly conserva
tive package of ECOs that meet the 5-year simple payback investment requirement at $22/Gcal for heat
costs. Thetota ingtitutional sector investment represents the investment needed to retrofit only that
fraction of the ingtitutiona floorspace found to be suitable for inclusion in the World Bank loan package.
While additional ingtitutional building floorspace exists, the budget structure and ownership/operation status
for these buildings was not considered suitable for inclusion in the loan package.
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TableE.1 Ingtitutiona Building Sector Investment Requirements per Building

Investment per Building by Vintage and Size ($/Bldg.)

Ingtitutional Building Pre-1958 1958-1980 Post-1980 Average

Owner and Category <3 Stories |3-4 Stories| >4 Stories | <3 Stories |3-4 Stories| >4 Stories | <3 Stories |3-4 Stories|>4 Stories | Investment
Municipal Dept. of Health

Hospitals 12,151 14,460 19,920 6,726 18,105 30,314 22,405 29,305 51,948 21,719

Polyclinics 8,077 10,137 10,785 3,929 13534 20,722 4,207 17,912 25,873 14,143

Administration 5,203 11,445 28,532 6,269 8,092 18,553 7,154 9,667 24,589 8,309
Municipal Dept. of Ed.

Kindergartens 7,426 9,519 10,833 14,225 17,692 11,771

Schools 6,598 20,196 6,103 26,535 9,661 32,280 24,987
Ministry of Education

Education Buildings 21,257 26,073 24,553 10,270 25425 30,589 13,249 33,467 38,041 27,703

Hostels 20,820 21,403 21,500 9,166 37,418 23,507 27,502 23,9%
Municipa Dept. of Culture

Theaters 25135 14,112 10,867 18,623 21,295

Art GalleriesMuseums 7,998 11,310 32,112 96,34 7,764 18,843 12,809
Average 18,505




TableE.2 Indtitutional Building Sector Investment Requirements per Square Meter

Investment per Square Meter of Buildings by Vintage and Size ($/n?)

Institutional Building Pre-1958 1958-1980 Post-1980 Weighted Average

Owner and Category |<3 Stories|3-4 Stories|>4 Stories|<3 Stories|3-4 Stories|>4 Stories|<3 Stories|3-4 Stories|>4 Stories| Investment Level
Municipal Dept. of Health

Hospitals 859 6.43 6.43 6.49 6.49 475 6.49 456 4.56 545

Palyclinics 8.30 8.30 8.30 5.85 5.85 487 5.85 487 445 5.29

Administration 9.20 9.20 9.20 8.87 4.63 4.63 8.87 4.63 3.96 6.21
Municipal Dept. of Ed.

Kindergartens 6.67 6.67 554 504 504 5.38

Schools 361 3.61 346 3.46 3.38 3.38 347
Ministry of Education

Education Buildings 456 456 456 4.63 4.63 341 454 454 334 392

Hostels 477 477 477 477 477 422 477 437
Municipal Dept. of Culture

Theaters 5.23 5.23 6.29 5.45 532

Art GalleriesMuseums 742 597 597 482 6.50 6.50 6.08
All Buildings 431




Table E.3 Indtitutional Building Sector Tota Investment Requirements

Total Investment by Vintage and Size (%)

Pre-1958 1958-1980 Post-1980 Total

Ingtitutional Building Invest-

Owner and Category | <3 Stories |3-4 Stories|>4 Stories| <3 Stories |3-4 Stories| >4 Stories| <3 Stories | 3-4 Stories|>4 Stories ment
Municipal Dept. of Health

Hospitals 498,182 375,952 99,602 80,715 398,313| 909417 67,216 58610 987,011 3,475,019

Palyclinics 201,931 81,096 10,785 39,292 297,74 62,165 16,829 250,773| 595,034 1,555,709

Administration 176,888 22,890 28,532 81,491 40,460 74,213 21,461 29,001 98,355 573,290

Subtotal 877,002 479,938 138919 201,499 736,527| 1,045,795 105,506 338,383 | 1,680,449 5,604,018
Municipal Dept. of Ed.

Kindergartens 319,309 9,519 0| 4,062,210 0 0| 2176477 495,371 0 7,062,886

Schools 46,183| 1918577 0 67,132 4,908904 0 67,625 2,711,557 0 9,719,980

Subtotal 365492 1,928,096 0| 4129342 4,908,904 0| 2244102 3,206,929 0| 16,782,866
Ministry of Education

Education Buildings 85,028 834,330 122,763 92431| 1,093260| 1,468,286 52,997 234,266 836,910 4,820,270

Hostels 41,640 128419 150,503 18,333 187,092 2,280,142 0 0| 385031 3,191,160

Subtotal 126,668 962,748 273,267 110,763| 1,280,352 3,748,429 52,997 234,266 | 1,221,941 8,011,430
Municipal Dept. of Culture

Theaters 0 201,076 14,112 21,734 0 0 0 0 18,623 255,545

Art GalleriesMuseums 135971 90,480 32,112 0 0 96,34 23,293 18,843 0 397,003

Subtotal 135,971 291,556 46,224 21,734 0 96,394 23293 18,843 18,623 652,638
Total 31,050,952




Table E.4. Inditutiona Buildings Sector Investment Requirements

I nvestment Requirements ($)

Building Type Per Building Per m? Total
Hospitals 21,719 5.45 3,475,019
Polyclinics 14,143 5.29 1,555,709
Administration 8,309 6.21 573,290
Kindergartens 11,771 5.38 7,062,886
Schools 24,987 347 9,719,980
Higher Education 27,703 3.92 4,820,270
Hostels 23,94 4.37 3,191,160
Theaters 21,295 532 255,545
Art GaleriessMuseums 12,809 6.08 397,093
Total 18,505 431 31,050,952

E.1.2 Residential Sector

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. Aswith the

ingtitutional 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

Investment Requirements ($)

Building Type Per Building Per m? Total (millions)
2-story 6,044 13.49 64.9
5-story 32,626 4,08 68.7
O-story 36,844 6.64 111.8
14-story 35,102 4.08 39.2
Total 31,939 592 284.5
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Appendix F

Review of Literature

Four studies that focused some or al 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 &l the reports focused on the residentia buildings sector, but the combined information was
helpful in developing the ingtitutional sector efficiency potentia in this assessment. Magor findings of the
studies are discussed below.

F.1 Feashbility 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/nt for Kyiv:

Existing Buildings (W/m?)

Building Height No Efficiency Improved Efficiency | New Buildings
1-2 Stories 208.2 196.8 168.8
3-4 Stories 120.6 114.2 934
>5 Stories 81.8 77.8 76.2

Of the total 1995 building sector heat demand of 7412.1 Geal/hr (8620.2 MW), it was estimated that
2406.7 Ged/hr (2799 MW) were accounted for by public buildings and 5005.4 Ged/hr (5,821.3 MW) by
residentia buildings. Thetota energy, 6298 Geal/hr, was used for heat and ventilation, and 1114 Geal/hr
was used for hot water. The information was provided in terms of pesk demand (Gcal/hr), not in terms of
caories of consumption.

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

With respect to heat loss, the following information was provided. A vaue of 1.0 W/ntK (U-value)
was used for calculating heat 1oss through walls. This value was felt to accurately reflect the properties of
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older brick and concrete construction and the deteriorated condition of sandwich wall construction, which
theoretically has a heat loss coefficient aslow as 0.3 W/n7K (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/ntK. The assumed U-value
of 2.3 W/ntK 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*/person/day
(liters/person/day), rather than the design value of 105 to 110 dm*/person/day. Hest is usually distributed
through radiators at a design temperature of 95/70°C (105/70°C 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 wegatherstripping. Estimates of the reduction in energy
consumption were provided for some of the measures as follows.

Controls

Building Leve 15-20%
Hot Water N/A
Thermostatic Valves N/A
Baancing Vaves 57%
Pipe Insulation N/A
Wall Insulation 15%
Weatherstripping N/A

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

The building sector efficiency potential was felt to be small in view of the current prices and economic
stuation. 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 reductions
in peak capacity requirements of 2 to 4% could be achieved from a buildings sector efficiency program.
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F.2 UkraineDistrict Heating Project (JTC 1996)

The Joseph Technology Corporation report includes information on the distribution of nonresidential
buildings and an estimate of the number of residentia buildings (33,320) and apartments (889,440).
Residentid floorspaceis estimated a 49 million n¥, with 10% in buildings of 1 to 4 stories, 70% in buildings
of 510 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 nt per person; 2010 population of
3.052 million and 22.7 nt per person.

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

Peak Demand (Gcal/hr)
Heating 5472
Ventilation 581
Hot Water 1,101
Peak Demand by Customer Class Peak Demand (Gcal/hr)
Industrial
Steam 1,520 (2,535 tong’hr)
Hot Water 3,465
Buildings 7,155
Total 12,140

Forecasts of heat demand are provided for the industrial and buildings sectors. Peak demand is
projected to increase from 12,140 Geal/hr to 17,290 Geal/hr.

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

- External Insulation. Apply polystyrene panelsto increase the R-valueto 11 or 12. The estimated
cost is $6/ft* or $2,500/apartment.

- Windows. Instal double or triple panes and use caulking and weatherstripping. The estimated cost is
$2,000/apartment.

- Weatherstripping. The estimated cost is $50/apartment.
- Thermostatic Valves. The estimated cost is $150/apartment.

- Heat Meters. The estimated cost is $1,500 per apartment building.
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- Domestic Hot Water Taps. The estimated cost is $20/apartment.
- Heat Supply Substations. Substation modernization is estimated to be $32,400/substation.

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

F.3 Energy Poalicies 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 atypical family of four in Kyiv is estimated as follows:

Central (district) Heat 1.4 million KRB ($8.00)

Hot Water 1.6 million KRB ($9.14)

Gas (for cooking) 800,000 KRB ($4.57)

Electricity (180 kWh) 900,000 KRB ($5.14)
Tota Monthly Energy Bill 4.7 million KRB ($26.85)
Average Monthly Earnings 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 nt (71 n¥ gross). Actual consumption is estimated to be 14 to 16 MWh/yr.

Factors that bear upon household implementation of efficiency measures are
- households are not hilled for actua consumption, hence they have no incentive to conserve
- households do not have sufficient information about efficiency measures
- 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
aso 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 approva by Regiona 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 $10/GJ with 10 to 15% transmission |osses.

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 1.7GJInT/yr as compared
to about 0.7 to 0.75 GIn/yr for countries such as Denmark, Belgium, and Finland.

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

Didtrict heat is usudly billed on estimated consumption, and legidation is caling for ingtalation of heat
meters so consumers can be charged for actua 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 Actionsto I mprove the Overall
Energy Efficiency in the Building Sector in Ukraine (TACIS 1994)

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

The report provided an extensive discussion of the physical characteristics of the measures, their
ingdlation, and implementation in existing and new buildings. The implementation discussion included the
human resources available as well as an estimate of the quantity of labor required. An extensive
discussion was dso provided for the domestic production of insulation and glazing.
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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. Control indoor temperature at 18°C, and balance system through instalation of thermostatic
bypass vaves at the radiator and balancing valves in the vertical lines.

2. Employ night and weekend setback in public buildings.
3. Ingdl building-level heat meters to enable billing for actual heat consumption.

4. Ingtall hot water circulation pumps and heat exchangers with temperature controlsin place of the
existing “venturi” systems.

5. Ingal balancing valves on the building inlets.

- Insulation. This consisted of two classes of measures.
1. Insulate exterior walls, roofs, and attics.
2. Westherstrip windows and doors.

The study sdlected a sample of 31 buildings: 18 residentiad, 3 office, 3 education, 2 hotdl, 1 cultura, 1
sport, 1 retail, and 2 other. A number of measures were analyzed by computer analysis, and two
residentia 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 18°C base temperature yielded savings as follows:

Range Average
Thermostatic Regulation 14-25% 18%
Thermostatic Regulation with Setback 44-53% 50%
Thermostatic Regulation with Setback and W/R Ins. 17-70%
Thermostatic Regulation with Setback and Wall Ins. 20-70%

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 hest price of $14.25/MWh, the analysis showed that temperature controls had a payback

F.6



ranging from 0.9 to 5 years, and that the addition of wall and roof insulation increased the payback beyond
5yearsfor dl building types and up to 26.1 years. The office building with setback controls exhibited the
shortest payback.

Recommendations were to insta| 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 gainsin existing buildings due to regulation and insulation were twice as much
as for regulation aone; in new buildings the energy gains were found to be three times that of regulation
aone.

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