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KIBA Demonstration Status Report

The Ukraine State Committee for Energy Conservation felt that a demonstration activity was needed to
increase the confidence of public agencies and organizations that cost-effective energy improvements can be
implemented in public buildings. Four school buildings were selected to demonstrate the effectiveness of
weatherization and control measures to reduce the heat energy consumption provided by the district heating
system. This report provides a summary of the report titled Demonstration of Energy Efficiency Measures in
Four Kyiv School Buildings, PNNL-11946, and a pictorial review of the installed efficiency measures.

Demonstration Scope

Four typical school buildings providing education to grades 1 through 11 were selected for the demonstra-
tion. School buildings were selected because this category is considered to be high profile and a priority
group. School buildings of this type compose 23% of the 1,678 institutional buildings selected for the KIBA
program and represent 39% of the floorspace and 34% of the energy efficiency potential.

Two classes of measures were selected:
* Weatherization measures to reduce infiltration and improve occupant comfort. Weatherization measures
consisted of weather-stripping around the windows and doors and caulking to seal cracks around window

frames.

» Control measures to better match the indoor with outdoor temperature in order to prevent conditions of
overheating and to reduce the heat energy supplied during unoccupied periods.

In addition, heat meters are included in each installation to verify the performance of the weatherization
and control measures in reducing heat energy consumption.

The following table summarizes the size, achieved energy efficiency potential, and cost of the demon-
stration activities in each of the four school buildings participating in the demonstration activity.

School Building Size Installed Costs (Material and Labor) ($)

Building Efficiency Heat Control Weatheri-

Number # Floors m? Improvement Meter System® zation® Total Per m?
272 3 8,921 28.5% 3,792 24,244 6,738 34,774 3.90
303 3 10,301 26.1% 3,829 23,683 4,970 32,482 3.15
324 4 5,026 19.9% 3,235 18,428 4,046 25,709 5.12
159© 4 9,511 23.6% 3,575 21,292 N/I 24,867 2.61
Average 8,440 25.3% 3,608 21,912 5,251 30,771 3.67

(@) The control system measure includes retrofit of the heat substation (heat exchangers, circulation pumps, cut-off valves, filters,
and control system).

(b) The weatherization measure includes weather-stripping around the windows and doors, and external caulking to seal joints.

(c) Building number 159 is served by the same heat substation as building number 324. The retrofit of the substation serving
building number 324 resulted in the installation of the control system measure in building number 159, but the weatherization
measures were not installed.

N/I = Not Installed.

Comparison with Technical Assessment

For this category of building, a comparison of the demonstration estimates with those of meters, controls,
and weatherization measures contained in the Technical Assessment are shown in the following table:
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Demonstration Average Technical Assessment

Estimated Efficiency 25.3 22.8
Improvement (%)
Size (M%) 8,440 7,340
Cost ($)

Heat Meter 3,608 3,404

Heat Control System 21,912 18,680

Weatherization 5,251 6,035

Total 30,771 28,118

Per m® 3.67 3.36

Comparing the two estimates shows the cost for the demonstration to be about 9% higher per square meter
than for the cost estimated in the Technical Assessment. It is felt that the cost associated with full-scale
implementation will be less due to competitive bidding, volume discounts, and installation efficiencies. Hence
the actual costs are expected to be very near to those predicted in the Technical Assessment.

The predicted efficiency improvement of 22.8% is within the range of the improvement experienced in the
demonstration (19.9 to 28.5%) and is within about 10% of the average efficiency improvement experienced
(25.3%).

The financial evaluation contained in the Technical Assessment estimated the simple payback of these
measures to be 3.3 years and the internal rate of return to be 29%. Although the costs are slightly higher, so is
the efficiency improvement, thus, the financial performance of the measures is close to that predicted in the
Technical Assessment.

Lessons Learned

The lessons learned from the demonstration effort that should be carried forward to the implementation
phase follow:

»  Some weatherization measures are weather dependent and must be installed during periods of favorable
weather conditions.

»  Occupant education is required to prevent (or reduce) vandalism or other forms of occupant-related
degradation of installed weatherization materials.

» Training of installation contractors is necessary to ensure high-quality installations.

» The length of time needed for the design process and approval points to a need to streamline this process
and involve the district heating company.

» Cleaning of the secondary system within the building is a necessity.

»  Heating system retrofits need to include air bleed valves in the risers and/or radiators.

» Follow-up service is needed to ensure correct operation of the heat exchanger system.

» Atraining program needs to be implemented to instruct facility/building managers on heat exchanger
system operation.

» The district heating company must reconsider the sizing practices of the flow restricting orifices with
regards to automatic control equipment.
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Hydroelevator Substation

Currently, the vast majority of buildings connected to Kyiv’s district heating (DH) system are equipped
with hydroelevator type substations. The schematic diagram of such substations is presented in Figure 1. Hot
water from the DH primary loop is introduced directly to the building heating system and circulates in the
pipes and radiators. In order to maintain the temperature of the radiators within a predetermined level, the hot
supply water is mixed with colder water returning from the building. The supply water flow is controlled by a
fixed flow restrictor (orifice) (3) sized and installed by the DH company. A Venturi nozzle, also called a
hydroelevator (2), is used to mix the two water streams. The mixing ratio is fixed and is only a function of the
physical dimensions of the hydroelevator and the pressure in the primary circuit. The heat balancing within
the building is accomplished by loop balancing valves (6).

This system is very simple, inexpensive, and does not require maintenance. However, it is very energy
inefficient as it does not permit control of the heating supply by the building occupants and because thermo-
static indoor temperature controls and/or a building energy management system cannot be utilized. Since the
DH water circulates directly through the radiators, pipe corrosion and debris deposits carried by the water
cause the system to clog, thus reducing the heating system performance and causing frequent problems.
Except for the presence of a simple solid-particle separator (5) which is mainly used to “prevent” return of
solid particles back to the DH system, no other filter is used in the system. Also, the building heating pipes
and radiators are exposed to higher pressure (0.5 to 0.8 MPa) and pressure spikes that can cause more frequent
leaks.

Heat Exchanger Substation

A heat exchanger substation enables the control of the indoor temperature in response to outdoor condi-
tions, occupancy, and changes to the thermal characteristic of the building envelope. Application of energy
efficient equipment ranging from a simple room thermostat to building level energy management requires
utilization of a heat exchanger (HX) based substation.

In a HX system (Figure 2), the DH water enters the cross-flow, plate heat exchanger (8) on the primary
side and the heat is transferred through the heat exchanging surface to the secondary (building side) water
which distributes the heat throughout the building. Thus, the heat exchanger effectively separates the primary
side (district heating side) water flow from the closed loop building heating system. Both water flows are
passed through strainers (7) which remove debris and protect the HX surface. The pressure equalizing valve
(2) maintains constant pressure difference in supply and return lines and prevents damage to the HX from
pressure spikes.

The heat consumption is metered by the heat meter consisting of a water flow meter (5), two temperature
sensors (6), and an integrator (4). Provisions for connecting the building domestic water heating system and
the ventilation system heating equipment are made on the primary pipes after the heat meter.

The primary side is connected to the secondary side of the heat exchanger to allow the secondary side to
be filled with water from the primary side and then function as an independent closed loop. Water returning
from the building passes through the strainer (7). Two circulating pumps (14) with check valves (13) are
installed and the pumps are alternated every 12 hours so that one always serves as a backup. The secondary
side also is equipped with a feed valve (19) and bypass valve (22), pressure relief valve (23), and expansion
tanks (18).

The control system (10) utilizes inputs from the indoor temperature sensor (11), outdoor temperature
sensor (12), supply water sensor (9), and the programmed occupancy schedule to maintain the indoor
temperature by the modulating valve (3) which controls the primary water flow input to the heat exchanger.



Typical School Building

F — 1

— 3 story, approximately 7,760 m*, grades 1-12

Typical Classroom




Entrance lobby

- School Administrator (center)
- Volodimir Diery (left), ARENA-ECO
- Andrew Popelka (right), Tysak Engineering

Typical Classroom




Typical hydro-elevator configuration

-y

The top horizontal pipe is the supply line (flow is left to right).

The bottom horizontal pipe is the return line (flow is right to left).

The vertical green connecting pipe is for re-circulation to mix the cooler water leaving the
building with the warmer water entering the building from the district heating system.

An orifice to limit the water flow entering the building is located on the supply line to the left of
the ‘T’ where the (vertical) green recirculation line is joined to the upper red supply line.

Heat Exchanger Retrofit

- Shut-off valves on primary side of heat exchanger — the upper valve line is for the supply and the
bottom valve is for the return.
- The unit to the left of the valve on the upper line is the filter required by the district heating company.



Heat Exchanger Retrofit

Primary circuit to heat exchanger from district heating system — the upper horizontal line is for
supply and the lower horizontal line is for return.

- The blue valve with the coil spring is a ‘pressure equalizer valve’ that ensures the provision of a
constant pressure to the heat exchanger in order to prevent damage that may occur as a result of
pressure spikes.

- The black capped device is the supply side flow meter and the red capped device is the return side
flow meter. These two flow meters in combination with nearby temperature sensors provide the
measurements used to calculate the delivered energy.

- The two vertical pipes on the left on both the supply and return lines are for domestic hot water.

- The gray unit on the far right of the supply line is a modern filter.

Heat Exchanger Retrofit

- Heat exchanger and heat control valve on the primary supply line (upper horizontal pipe).
- The pipes to the left are the primary from the district heating system and the pipes on the right are
the secondary to the building.



Heat Exchanger Retrofit

The heat exchanger is the blue and silver vertical unit in the center.
The primary supply line is visible at the top; behind it is the secondary supply line.

At the bottom, the secondary return line is visible and the primary return line is behind it.
A partial view of the control unit is on the left.

Heat Exchanger Retrofit

The pumps on the secondary circuit are shown in the foreground. The pumps located on the return

side of the secondary circuit circulate hot water from a manifold (on right) that combines the hot
water from three major circuits that supply heat to the building (flow is from right to left).

- The heat control valve (gray) located in the supply side of the primary circuit can be seen in the upper

left.
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Heat Exchanger Retrofit
L)

- Heat exchanger is on the left.

- The two circulation pumps for the secondary circuit (in center) draw from the manifold on the
right (flow is from right to left) connected to the returns from the two major circuits that
distribute heat within the building.

- The two expansion tanks (red) for the secondary circuit are in the center background.

- On the left in the background are the flow meters installed in the primary circuit — the supply
is blue capped and the return is red capped.

Heat Exchanger Retrofit

The control system — typical mounting.

- The unit in the center is the pump timer to switch the operation every 12 hours of the two
circulation pumps in the secondary circuit.

- The heat meter is shown on the right. It combines the inputs from the two flow meters and
associated temperature sensors to calculate the amount of heat delivered.

- The temperature control unit and set-back timer is located on the left. This unit regulates the
heat control valve in response to a thermostat installed in a representative location and controls
the opening/closure of the valve depending upon the time of day.

11



Weatherization Retrofit

- Typical Window Before Retrofit

Weatherization Retrofit

Seals Used, From Left to Right:
- V-Seal — used between the window and frame on the shearing surface

- Profile or Santa Foam Seal — compression seal used for external application

- P-Seal (silicon rubber) — compressing seal used for external or internal application
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Weatherization Retrofit

- Installation of Profile (Santa Foam) Seal

Weatherization Retrofit

- Installation of Caulking
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