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l. EXECUTIVE SUMMARY

The Armenia Weatherization Program, funded by the U.S. Agency for International Development,
(USAID) has taken place in three separate phases, roughly corresponding to the years 1994,
1995, and 1996. All phases of the work were managed and implemented by Resource
Management Associates of Madison, Inc. (RMA). Over forty buildings have been weatherized in
the three years, including schools, hospitals, orphanages, residential buildings, and other buildings
of strategic or historic importance. The impact assessment, which is the subject of this report, is
focused on the third phase of the project, where there was an emphasis on making the
weatherization cost-effective and marketable. In this phase, the monitoring and evaluation of
project results were included in the scope of the work.

A detailed evaluation of the weatherization program was conducted to determine the impacts and
effectiveness. The program sponsor (USAID), the recipient (Government of Armenia), and the
direct beneficiaries (participants) all have an interest in the impacts. Other funding agencies who
are considering programs of a similar type will also find the results interesting and useful in
designing additional programs in Armenia and elsewhere.

The impacts of the weatherization are both quantitative and qualitative. To determine quantitative
impacts, a data collection and analysis plan was developed which included measurement of
temperature and air infiltration over a monitoring period. Four buildings were selected to
implement the quantitative assessment. The qualitative assessment was done largely through the
use of surveys and interviews with program participants, non-participants, and weatherization
workers. A persistence survey and follow-up visit were also designed for selected buildings
which had been weatherized in earlier program years.

Quantitative Results

A quantitative assessment was done on four of the buildings which were weatherized in 1995/96:
The results of each of the assessments is summarized below:

MATERNITY HOSPITAL #4, YEREVAN
Quantitative Results
Actual
v Temperatures in weatherized room higher by 5° - 10° C
v Heat losses from infiltration at windows reduced by 84.5%
v"  Energy savings for monitoring period = 1.55 billion BTUs
v Cost savings for monitoring period = $8,359
v Payback period = 292 heating days
v"  Monitoring period = |01 heating days
Theoretical
v Heat losses from infiltration at window reduced by 88%
v Energy savings for monitoring period = 3.4 billion BTUs
v Cost savings for monitoring period = $18,331
v Payback period = 139 heating days

Resource Management Associates, Inc. Page |
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TRAUMATOLOGICAL HOSPITAL #6, YEREVAN

Quantitative Results
Actual

v Temperatures in weatherized room higher by 5° - 10° C
v Heat losses from infiltration at windows reduced by 43%
v Energy savings for monitoring period = 260 million BTU s
v Cost savings for monitoring period = $1,395
v Payback period = 346 heating days
v Monitoring period = 38 heating days

Theoretical
v Heat losses from infiltration at window reduced by 51%
v Energy savings for monitoring period = 543 million BTUs
v Cost savings from monitoring period = $2,909
v" Payback period = 166 heating days

SCHOOL #8, YEREVAN

Quantitative Results
Actual

v Temperatures in weatherized room higher by 5° - {0° C
v Heat losses from infiltration at windows reduced by 60%
v Energy savings for monitoring period = 560 million BTUs
v Cost savings for monitoring period = $3,001
v Payback period = 823 heating days
v Monitoring period = 58 heating days

Theoretical
v Heat losses from infiltration at window reduced by 66%
v Energy savings for monitoring period = 1.06 billion BTUs
v Cost savings for monitoring period = $5,684
v Payback period = 434 heating days
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ScHool #20, YEREVAN

Quantitative Results

Actual
v/ Temperatures in weatherized room higher by 5° - 10° C
v/ Heat losses from infiltration at windows reduced by 73%
v/ Energy savings for monitoring pericd = 6.5 million BTUs
v Cost savings for monitoring period = $1,502
v/ Payback period = 425 heating days
v/ Meonitoring period = 44 heating days

Theoretical
v/ Heat losses from infiltration at window reduced by 77%
v/ Energy savings for monitoring period = 7.5 million BTUs
v Cost savings for monitoring period = $4,071
v/ Payback period = 157 heating days

Qualitative Results

Participant Surveys:
Participants were asked in surveys about five different categories. A summary of the responses
are presented below.

* Weatherization Impacts - The most important impacts, according to participants,
were either those which are highly visible (e.g. more attractive building) or led to greater physical
comfort (e.g. better working environment). Energy-related impacts such as higher energy
efficiency and lower energy costs rated lower in importance to participants. Participants did not
believe that weatherization had any negative affects, such as increased moisture problems or
poorer indoor air quality.

* Quality of the Weatherization Work - The quality of the work was rated very high
by all respondents, including the skills of the workers, the materials used, and the responsiveness
of the local staff in addressing any problems in the conduct of the work.

* Perception of the Cost of the Work - Participants were not generally aware of the
cost of the weatherization for one door or window. Only 11% responded with the right range for
windows, and 27% for doors. However, since the cost is quite near the cut-off point of two of
the cost ranges, if the two categories are combined, 56% of participants are correct for windows
and 59% for doors.

* Achievable Energy Savings - The largest category of respondents was in the

category of “ more than 20% of energy savings is possible from weatherization.”
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* General Comments - Participants mentioned such additional impacts as an
increased number of days that the schools could remain open and an increase in school
attendance.

Non-Participants Surveys

Non-participants were asked questions regarding their perception of the impacts of
weatherization, costs, and achievable energy savings. Their responses on the impacts were quite
similar to those of the participants. A substantial majority of the non-participants underestimated
the cost of weatherization, and they were more conservative on the possible energy savings.

Workers Survey

Workers on the weatherization crews were also asked their opinion on the impacts of
weatherization. Unlike the participants or non-participants, their highest ranking impact was
lower energy cost, followed by greater productivity, more comfortable working conditions, and
saving money through lower energy costs. Workers were unanimous in their opinion that high
quality in the work was stressed.

Persistence Survey

For eight of the sites which had been weatherized in previous years of the program, a reviewer
was sent out to interview personnel and to visually assess the condition of the work which had
been done. In all of the institutional sites visited, the condition of the weatherized windows was
assessed as “good” to “very good”. One of the residential sites was reported to have moisture
problems. Many comments were offered which were favorable of the work and demonstrated the
recipients gratitude to USAID and RMA.

Other Program Impacts

1. Multiple economic benefits have accrued to the Armenian economy through wages paid
and local procurement purchases. A standard economic multiplier effect in the U.S. might
be 2-3. In the third phase of the project alone, approximately $300,000 was spent on local
wages and local procurement. Many bilateral projects are criticized by the host
governments because most of the funds stay in the country which is providing the
assistance, i.e., providing work for consultants. This project can be used as an example of
one which has successfully enhanced the livelihood of people in the country receiving the
assistance.

2. Other donor organizations have recognized the benefits of this type of program, and have
committed funds to similar programs in other parts of Armenia. While the programs may
not contain the same elements, the weatherization project demonstrated that a large
number of local personnel can be mobilized and trained to do high quality weatherization
and construction-related work.
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3. The demand for weatherization supplies has assisted in the development of two small local
manufacturers.
4, The awareness of the benefits of building weatherization is increasing, contributing to the

beginning of a market demand for such services. Several private companies will be
starting up within the next few months, formed from the crews who were trained to do the
weatherization work.

The Armenia Weatherization Project has been widely regarded throughout the country as a
successful project. This is largely due to the grassroots nature of the project. It is highly visible
and has an immediate effect on people’s lives. Skills which are marketable and transferable to
other types of work (e.g., general construction) were taught. One indication of the project’s
success is that two other donor agencies have designed and implemented similar projects, with a
third considering this for next year.

Resource Management Associates, Inc. Page 5
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2.  INTRODUCTION
2.1 Description of the Weatherization Program

The Armenia Weatherization Program, funded by the U.S. Agency for International Development,
has taken place in three separate phases, roughly corresponding to the years 1994, 1995, and
1996. All phases of the project were managed and implemented by Resource Management
Associates of Madison, Wisconsin, and Yerevan, Armenia. The objective of the first phase was to
demonstrate weatherization techniques and materials in a small number residential and municipal
buildings (schools and hospitals). The second phase focused on weatherizing buildings which
were used to provide critical services to vulnerable segments of the Armenian population, such as
maternity hospitals, orphanages and schools. The third phase of the project is trying to develop
the business skills of key personnel and to make the weatherization more cost-effective, with the
objective of privatizing the workforce and making the weatherization activity self-sustaining. The
third phase is scheduled to end September 30, 1996.

To date, over forty buildings throughout Armenia have been weatherized during the three years in
which RMA has been active. This has included five residential buildings, three refugee centers,
nineteen hospitals/clinics (or portions thereof), one orphanage, seven schools, and five other
buildings of various historic or strategic importance. RMA has trained over 120 workers in
weatherization and carpentry skills, including workers from the cities of Yerevan, Gyumri, and
Vanadzor. The work has included door and window repair and replacement, weatherstripping
and caulking. Because of poor construction and maintenance practices, windows have often
required considerable refurbishment to reduce or eliminate thermal loss. Materials used for
weatherization were either purchased locally or imported from the U.S. RMA has also worked
with the Armenian Relief Society and the United Nations High Commission for Refugees, training
their workers to perform weatherization.

The project which will be described in this assessment will concentrate on phase three, where the
monitoring and evaluation of project results were included in the scope of the work. The project
provided technical assistance (overall project management and expatriate weatherization
specialist), training in weatherization techniques, and the materials/supplies to complete the work.
The labor assigned to the project in this phase was overwhelmingly local, with a ratio of about 60
person months local labor to 1 person month of expatriate labor. Roughly one-third of the project
budget of $600,000 was spent for materials; one-half for local labor; and the remainder for
technical assistance, training, travel, and other direct costs.

The project beneficiaries fall into several groups:

. Administrators and employees who work in the weatherized buildings

. Recipients of services provided in the buildings (students and patients)

. Municipalities/hospital administration who experience lower energy costs
° Local Armenians employed by the project

. Vendors of products purchased for the project

Resource Management Associates, Inc. Page 6
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Financing was initially on a completely grant basis, although as the demand for weatherization
services has increased, a cost share has been requested of sites being considered for
weatherization. The cost share has been a low percentage of the total cost of the work at each
location; however, this requirement has provided a stronger stake in the project.

2.2 Purpose of the Impact Assessment

A detailed evaluation of the benefits of weatherization was conducted to determine the impacts
and effectiveness of the program. The program sponsor (USAID), the recipient (Government of
Armenia) and the direct beneficiaries (participants) who have been involved in the program all
have an interest in the impacts. Other funding agencies who are considering programs of a similar
type will also find the results interesting and useful in designing additional programs in Armenia
and other locations with similar problems.

The specific evaluation objectives are as follows:

. Estimate energy savings resulting from weatherization, using data collected in winter 1995
. Compare measured savings to engineering calculations of projected savings

. Measure “customer satisfaction” with the weatherization program

. Assess benefits to workers performing weatherization

. Assess increased awareness of benefits of weatherization

23 Impact Assessment Plan

The impacts of the weatherization project are both quantitative and qualitative, impacts which
require different measurement techniques. To estimate the quantitative impacts, a data collection
and analysis plan was developed. First, as a routine part of job estimation and for tracking the
costs of the weatherization, background information on each building was gathered. This data
was used to select four sites (two schools and two hospitals) for the quantitative assessment.
Data loggers were purchased to record the temperature differences between weatherized and
unweatherized rooms at each of the locations. Temperature was logged on an hourly basis,
twenty-four hours per day. Air infiltration measurements were recorded on a daily basis in both
the weatherized and the control room. Data collection was done over the winter of 1995-96, in
the period January through April 1996. The data was used to determine the increase in average
room temperature, heat loss reduction, and to calculate energy savings and payback periods.
Data collection and analysis was the responsibility of RMA subcontracted staff in Yerevan, with
assistance from RMA Madison.

To measure the qualitative impacts, surveys were developed for different project beneficiary
groups to determine impacts beyond energy savings (increased hours of operation, better working
conditions, longer patient stays, etc.). Surveys were developed for participants in the program
(buildings which were weatherized), non-participants, and weatherization workers. Each of the
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surveys was field-tested on a small number of persons in the target group and revised, based on
their responses and understanding of the questions. A survey of the persistence of weatherization
measures was also developed and implemented. RMA staff in Yerevan was responsible for

implementing the surveys. Responses to the surveys were compiled and analyzed by the RMA
Yerevan and Madison offices.

Resource Management Associates, Inc. Page 8
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3. IMPACT ASSESSMENT RESULTS

3. Quantitative Results
Quantitative assessment was done on four of the buildings which were weatherized in 1995/96:

. Maternity Hospital #4

. Traumatological Hospital #6
School #8

School #20

Profiles for each of the buildings, energy use data and a breakdown of the weatherization costs is
contained in Appendix A. This section summarizes the quantitative results of the evaluation.

3.1.1 Description of the Work

The weatherization work in general included the following elements:

. Caulking

. Weatherstripping

. Replacing missing glass in windows

. Filling gaps between window frame and wall

. Replacing missing hardware on windows and doors
. Installing new doors and door sweeps

The general condition of most of the windows in the buildings weatherized was very bad, as a
result of little or no maintenance for many years. Gaps between the window sash and frame were
4-8 mm and 5-12 mm between the window frame and building. The average size of the gap
between the door sash and frame ranged from 4-10 mm and between the door frame and building
3-12 mm. All of the windows were designed to be double-pane, but many of them were missing
glass panes. The fit of the windows was also poor because of missing hardware.

Two grades of weatherization work on windows was completed. All activities relevant to
windows from the above list were performed on all of the windows. In addition, in some sites
considerable repair and rebuilding work was done on the windows. This work included stripping
and repainting the windows and carpentry repair of windows’ frames and sills. This level of
weatherization work was termed “full repair,” because following the work, the condition of the

windows was “like new.” Of the sites evaluated in the quantitative assessment, only School #8
underwent full repair of the windows.

3.1.2 Actual and Theoretical Results

This section presents the results of the quantitative assessment. Data is presented for each of the
four sites, followed by selected graphical representations.
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MATERNITY HOSPITAL #4, YEREVAN

m Constructed in 1984; concrete block with tufa plates

m 7 floors/180 rooms (48 patient rooms, 2| operating rooms, 2 critical care rooms)
® Operational Capacity = 140 patients

m Serves a population of 400,000

m [ow-temperature district heating supplemented by electric space heating

_—_—-—_————————

Quantitative Results
Actual

v/ Temperatures in weatherized room higher by 5° - {0° C
v Heat losses from infiltration at windows reduced by 84.5%
v/ Energy savings for monitoring period = 1.55 billion BTUs
v Cost savings for monitoring period = $8,359
v/ Payback period = 292 heating days
v/ Monitoring period = [0 heating days

Theoretical
v Heat losses from infiltration at window reduced by 88%
v Energy savings for monitoring period = 3.4 billion BTUs
v/ Cost savings for monitoring period = $18,331
v/ Payback period = 139 heating days

Resource Management Associates, Inc. Page 10
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TRAUMATOLOGICAL HOSPITAL #6, YEREVAN

m  Constructed in 1963; tufa block

®m 4 floors/190 rooms (93 patient rooms, || operating rooms, 6 critical care
rooms)

m  Operational Capacity = 350 patients (served by 60 doctors)

®  District heating backed-up by wood-burning stoves

Quantitative Results
Actual

v/ Temperatures in weatherized room higher by 5° - 10° C
v Heat losses from infiltration at windows reduced by 43%
v Energy savings for monitoring period = 260 million BTUs
v Cost savings for monitoring period = $1,395
v Payback period = 346 heating days
v/ Monitoring period = 38 heating days

Theoretical
v Heat losses from infiltration at window reduced by 51%
v Energy savings for monitoring period = 543 million BTUs
v Cost savings from monitoring period = $2,909
v/ Payback period = 166 heating days
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ScHooOL #8, YEREVAN

m  Constructed in 1923; tufa, concrete block with tufa plates, and glass block. One
of the oldest and largest schools in Yerevan, central city.

® 4 floors/82 rooms (46 classrooms serving grades kindergarten - 8)

Operational Capacity = [,124 students and 120 teachers

® District heating system shut down in this district. Heating source is kerosene,
backed-up/supplemented by electric space heating.

Quantitative Results
Actual

v/ Temperatures in weatherized room higher by 5° - 10° C
v Heat losses from infiltration at windows reduced by 60%
v Energy savings for monitoring period = 560 million BTUs
v’ Cost savings for monitoring period = $3,001
v/ Payback period = 823 heating days
v Monitoring period = 58 heating days

Theoretical
v Heat losses from infiltration at window reduced by 66%
v/ Energy savings for monitoring period = 1.06 billion BTUs
v Cost savings for monitoring period = $5,684
v Payback period = 434 heating days
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SCHOOL #20, YEREVAN

m  Constructed in 1960; tufa and concrete block with tufa plates

® 4 floors/76 rooms (50 classrooms, 10 laboratory rooms, 5 offices, serving grades
kindergarten - 8)

m  Operational Capacity = 780 students and 90 teachers

®  District heating system shut down in this district. Heating source is kerosene,
backed-up/supplemented by electric space heating.

Quantitative Results
Actual

v' Temperatures in weatherized room higher by 5° - 10° C
v Heat losses from infiltration at windows reduced by 73%
v Energy savings for monitoring period = 6.5 million BTUs
v Cost savings for monitoring period = $1,502
v Payback period = 425 heating days
v/ Monitoring period = 44 heating days

Theoretical
v Heat losses from infiltration at window reduced by 77%
v Energy savings for monitoring period = 7.5 million BTUs
v Cost savings for monitoring period = $4,071
v Payback period = 157 heating days
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3.2 Qualitative Results

This section presents the results of the surveys from each of the survey groups:

. Participants

. Non-Participants

. Workers

. Persistence of Weatherization Measures

The surveys which were administered (in English and Russian) are contained in Appendix B.
3.2.1 Participant Surveys

The objective of surveying the participants was to determine their satisfaction with the
weatherization work. Participants of the weatherization program are those people who work in
or receive services from the buildings which were weatherized as part of the program. A total of
59 persons were interviewed for the participant survey, from nine sites which had been fully or
partially weatherized. The survey sample is described more fully in Section 4.2.1. The survey
questions generally fell into five different categories:

’ Weatherization Impacts
. Quality of the Weatherization Work
. Perception of the Cost of the Work
. Achievable Energy Savings
. Comments

Weatherization Impacts

The impacts of the weatherization work could be both positive (e.g., higher level of comfort,
better working environment) and negative (higher level of moisture). A series of questions were
designed to measure the participant’s perception of the impacts of the weatherization.
Respondents were asked to rank their opinion of the possible impact, based on a scale of 1 to 5,
with 1 being “strongly disagree” to 5 being “strongly agree”. For each of the questions, the mean
was calculated. The possible impacts which the respondents agreed to and their means are shown
(from highest to lowest) on the following chart.
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Weatherization Impacts Survey Results #1

Weatherization is important for
keeping the building in good shape

More attractive building
Better working environment
Employees more productive
Reduction in the level of dust
More energy efficient
Weatherization saves energy
Reduced noise level

Reduced number of sick days

Note: | = “strongly disagree”; 5 = “strongly agree”

It is interesting that the impacts which the respondents agreed to be the strongest were the ones
which were either visible or led to a greater physical comfort. That weatherization made the
facility more energy efficient and that it saved money were not perceived to be among the
strongest impacts. This could lead to the conclusion that in “selling” weatherization, the most
important element is improved comfort.

The following chart displays the results of survey questions regarding impact statements with
which the respondents either disagreed or were neutral.

Weatherization Impacts Survey Results #2

Increased security in the building

Energy efficiency could be improved with
additional work

Reduction in the rate of complications due
to cold - hospitals only

Number of patient days decreased
Fewer complaints of noise

Poorer indoor air quality
Greater problerns with moisture

Significant disruption in the work during
weatherization

The level of infection decreased - hospitals
only

Note: | = “strongly disagree”; 5 = “strongly agree”

Resource Management Associates, Inc.

Page 22



4 Impacts Assessment - Armenia Weatherization Program 4

Quality of the Work

One of the emphases of the weatherization program was on the quality of the work, both through
the use of quality materials and the intensive training of the workers. The reasons for this were to
demonstrate the energy savings possible using low-technology materials and to raise the standard
of workmanship which is expected. The survey contained five questions regarding the quality of
the work and the materials. The respondents were asked to rank the statement on a scale of 1 to
5, with 1 being “strongly disagree,” and 5 being “strongly agree.” These statements and the means
of the responses are displayed on the following chart.

Responses Relating to Quality of Work

. RMA was easy to work with

2. The workers were highly skilled

3. RMA was responsive to problems which
came up in the work

4. RMA uses high-quality materials in the
work

5. Overall rating of the quality of the work (5
is “excellent”, | is “poor™)

Cost of the Weatherization

Respondents were asked their estimate of the cost to weatherize a single door and a window. The
distribution of their responses is shown in next two figures. The actual cost for Maternity
Hospital #4 (basic weatherization) is approximately $56 per window or door.
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What Do You Think Is the Cost to Weatherize One Window? What Do You Think Is the Cost to Weatherize One Door?

] 429

What is Your Estimate of the Energy Savings Possible

. ) From Weatherization?
Possible Energy Savings

Respondents were also asked what their
estimate of energy savings would be. The
distribution of their responses is shown on the
adjacent graph.

[ 1w @B 2500 B 1500 [l 15%
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Respondents’ Comments

Several comments have been selected to indicate important additional points from the survey
activity.

* “The number of days which the school could remain open increased by 20.”

\ 4 “All teachers detected a major increase (around 50%) in the attendance of
students this year as compared to last year.”

* “It is quite important and will be very informative to conduct next year the
same survey at the same sites”.

2 (Hospital) “The number of patients increased not only because of the
weatherization, but also because we started to feed patients... It was
foreseen to consume 4,000 kWh per day, instead we consumed 1,300 kWh
because of weatherization and our thriftiness. It is also expected to save
another 300 kWh in the summer time.”

Several sites requested additional weatherization work.

Notes from interviewer:

“All participants were pleasantly surprised with the weatherization materials, the tools; they never
saw anything like that. But most of all, by the style, attitude towards work and people around
showed by the workers. They never believed that our Armenian ex-Soviet people are able to
maintain such a quality”.

“It became difficult for participants to do a comprehensive estimation of the benefits and impacts
of the weatherization because this winter was not as severe as the previous one. Also, this year,
in some places the kerosene distribution was more plentiful.”

3.2.2 Non-Participant Surveys

The primary purpose of conducting surveys of the non-participants was to determine if the
demonstration aspects of the project increased awareness of weatherization impacts on the part of
participants. They were asked questions similar to those posed to participants, and the results
were compared. Two sites were selected for the non-participant surveys: School #8 (portions of
which were not yet weatherized) and Erebouni Hospital, who had requested weatherization work.
Personnel at both sites were obviously aware of the weatherization work, especially at School #8,
where parts of the building had already been weatherized at the time of the surveys. The survey
contained questions which addressed possible positive and negative aspects of weatherization as
well as perceptions of weatherization costs.
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In field testing the surveys, we found that it was not possible for non-participants to respond to
the impact statements with any differentiation in degree of agreement or disagreement with a
particular statement. In other words, a non-participant could not select from a range of responses
when presented with a statement such as “Weatherization will result in a better working
environment.” A non-participant could agree or disagree with the statement, or have no opinion.
Thus, the survey was modified so that all questions on potential impacts of weatherization were
answered “yes,” “no,” or “no opinion.” This means that these responses cannot be directly
compared to those of the participants, except in the area of expected cost of weatherization,

where the questions were the same.

Impacts of Weatherization

Reduction in the rate of complications due to cold
Employees more productive

Reduced noise level

Weatherization saves energy

More attractive building

Increased security in the building

Reduction in the level of dust

Fewer complaints of noise

Better working environment

Greater problems with moisture

Poorer indoor air quality

Weatherization is important to keep building in good shape
Reduced number of sick days

Significant disruption in the work during weatherization
The indoor air quality will improve

No Opinion |:| Ne

Costs of Weatherization

The next two figures give the breakdown of responses to the questions of expected cost of
weatherizing one window and one door.
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What Do You Think Is the Cost to Weatherize One Window? What Do You Think Is the Cost to Weatherize One Door?

] a7sm 12.5% [] 5% 125 [ 1z5%
Potential for Energy Savings What is Your Estimate of the Energy Savings Possible

From Weatherization?
The adjacent figure shows the distribution of

estimated energy savings.
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3.2.3 Workers Surveys

The objective of surveying the workers was to determine their perceptions of the customer’s
views on impacts of weatherization, the skills which the workers had learned in performing the
weatherization work, and whether a market seemed to be developing in Armenia for
weatherization services. Surveys were completed by sixteen of fifty workers, roughly one-third
of the crew members. Efforts were made to survey all of the job categories, including crew
leaders, workers, carpenters, and support personnel (warehouse, estimation). The sample which
was surveyed is described in more detail in Section 4.2.1.

Impacts of Weatherization

Workers were asked to rate the importance of the following impacts of weatherization according
to their importance to the customer (1 is not important, 5 is very important). They have been
ranked according to the mean response, from highest to lowest.

Workers' Assessment of the Impacts of Weatherization

L. Lower energy cost

2. Greater productivity

3. More comfortable working
conditions

4. Saves money

Possible negative impacts of the weatherization work, such as moisture or increased indoor air
pollution, were judged not to be important factors.

Market for Weatherization Services

Workers were questioned about their perception of whether a market was developing, by asking
about increased supply of materials in response to market demand, greater awareness of benefits
of weatherization, and the usefulness of skills that had been taught. The answers to all of these
questions tended to settle around a mean of 3 to 3.73. This indicates a fairly neutral response to
whether there is a sustainable market. This is most likely due to the general economic situation in
Armenia, rather than a reflection on sustainability of a market for weatherization services.
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On the other hand, four of the sixteen workers who were surveyed strongly agreed that they
would be interested in starting their own weatherization business when the project was completed.
These are the persons who are being targeted for further training in estimating, preparing bids,
and contracting construction-related work.

Quality of Work

All workers strongly agreed that RMA stressed high quality in the work which was done (mean of
5, which is the highest possible score).

The workers also judged that the administration of the buildings which were weatherized were
very happy with the work which was done (mean: 4.9).

Comments

Comments of the workers are included in Appendix C. In general, when asked about the most
important things learned from the work, workers cited the following:

. A greater awareness of the benefits of weatherization
. The importance of good management

. Familiarization with new materials and techniques

. A sense of satisfaction in achieving impressive results

3.2.4 Persistence of Weatherization Measures

The weatherization program has been fortunate to have had multiple years in which to improve
and refine operations. While the emphasis and the funding level allocated has been quite different
in each of the three years, the basic activity of weatherization has remained largely the same. The
first year was a relatively small demonstration activity of the benefits of weatherization. The
second year of funding focused more on critically needy populations, primarily a humanitarian
effort, rather than on skills development or energy savings. In the third year, the main emphasis
has been on making the services cost-effective and market-oriented. Because the program had
multiple years, we felt it was appropriate in the impact assessment to revisit some of the sites
which were weatherized in the first and second years to see whether the measures were still in
place and to determine whether the recipients had experienced any problems or difficulties with
the weatherization.

A reviewer was sent out to each of the sites to interview personnel and to assess the status of the
weatherization measures through visual inspection. In all of the institutional sites visited, the
condition of the weatherized windows and doors was visually inspected and was judged to be
satisfactory. '

The reviewer also visited two residential sites which had been weatherized, the Sayat Nova
Apartment building and a refugee center. At Sayat Nova, problems with increased moisture were
reported. There are several reasons for this. First, Sayat Nova was the first residential building
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which was weatherized in this program. The crews were relatively inexperienced at that time, so
they made the rooms too airtight in locations which had more moisture because of room usage
(e.g., bathroom or kitchen). Second, residents did not follow recommendations on room usage,
e.g. not to cook in living rooms. Third, the problem was compounded when another organization
applied ouside-the-wall insulation without making adjustments in the indoor conditions. As a
result, it was noted in the visit that residents had removed weatherstripping. Moisture problems
were not reported by residents in the refugee hostel.

Selected comments from the persons interviewed in the persistence survey follow.
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________—_—_——___—————__—_———_—-__.—

Comments

Director of Spitak School #4: “ After the earthquake of 1988 we felt like we had been
abandoned... Of course, some assistance was provided by different organizations, but we
felt that this help was somewhat formal. RMA was the first organization whose
management differed dramatically from any other I had ever seen. The final results of
their job are exceptional; you can see with your own eyes the quality of work.. ...Last
year we were forced to have only 15-minute classes (instead of the regular 45 minutes),
and only in two or three classrooms. This number of classrooms was necessary to maintain
warmth during the winter. After the weatherization performed by RMA, we now have 45-
minute classes and all of our classrooms are operating. I noticed that inside the building,
the drafts vanished. ...After the weatherization, the building aesthetically looks more
attractive...”

The administration of Spitak School #6: “The winters here in Spitak are quite severe
(lows of -25° C). Before the weatherization done by RMA, we used to burn the furnaces
all day, with very little results. The children would sit in their coats, wearing gloves and
hats. The classrooms at school were so chilly that we were even forced to stop our
studies for a month. This year, we had all of our classes. The kids didn’t even wear coats
during their lessons.”

The Director of School #67 in Yerevan: “I would like to stress the significant effect of the
thermoinsulation, which I correspond with RMA’s work. ...The amount of fuel used this
year was the same as compared to the previous year, but the temperature inside the
building was noticeably higher. My office used to be the coldest place in the building, and
during winter, I was always cold and wore a coat. Now I feel comfortable in my office.
Thank you.”

Hospital - cardiology unit. “We’ve noticed a significant change in the inside temperature.”

The maintenance man of the Aparan Refugee Center: “Before the weatherization, parents
didn’t allow their kids to attend kindergarten because of the cold. This is the first year the
Kindergarten actually operated during the winter. We were even able to celebrate New
Year’s Eve here. Thank you all.”

Chief of Depository of the National Art Gallery: “Our institution is one of honor for all
Armenians, and therefore is considered a site of first priority. However, due to the energy
crisis and poor insulation, all of the art pieces in the Depository were doomed to perish.
Because of the cool inside temperature, the quality of the paintings was deteriorating.
...After weatherization, we were able to preserve our art in improved conditions. I felt the
difference in temperature in my own office as well as the offices of other employees.

...We are very happy with this initiative.”
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4. IMPACT ASSESSMENT DESIGN AND METHODS
4. Quantitative Assessment

Four sites were monitored to determine temperature and air infiltration differences, utilizing a
weatherized room and a non-weatherized room for comparison. The measurement period used
for comparison is January through March 1996. Energy savings during the measurement period
were calculated assuming a constant energy supply where the supply has been erratic. Four
buildings were monitored: Maternity Hospital #4, School #8, School #20, and Traumatological
Hospital #6.

Energy savings were calculated for the four buildings based on collected data. Formulas which
were used in the calculations are shown in Appendix D.

Engineering calculations were done for all buildings weatherized to determine theoretical
(expected) energy savings, taking into account data limitations. The expected energy savings
were compared to measured savings, and energy savings payback periods calculated and
compared.

4.2 Qualitative Assessment

4.2.1 Survey Design and Implementation

Participant Survey

Five different use types of buildings have been weatherized in the total weatherization program
funded by USAID in FY ‘94, ‘95 and ‘96:

. Schools

. Hospitals

. Refugee Centers/Orphanage

. Housing (Apartments)

. Commercial (Office, Museum, Theater)

A survey was developed to determine program impacts, such as increased awareness of the
benefits of weatherization, increased comfort, productivity improvements, ease of working with
RMA, and overall customer satisfaction with the weatherization. Unintended consequences of the
program are also addressed, such as moisture-related problems, increase in indoor air pollution,
and inconvenience to the customer. The survey was administered to program participants at
several levels:

. Schools: Administrators, Building Maintenance, Teachers, Parents
. Hospitals: Administration, Heads of Departments, Doctors/Nurses
. Refugee Centers: Regional Managers, Refugees, Building Maintenance
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The survey also contained general questions which were used to profile the respondents. A draft
survey was prepared prior to Ms. Mary Worzala’s April visit to Yerevan, and the RMA/Yerevan
office was consulted regarding the relevance and phrasing of all questions. Modifications were
made to the survey based on these discussions, and a version was prepared in Russian for
implementation.

The impact survey was field tested during the April visit of Ms. Worzala by conducting interviews
with a small number of respondents in each group. School #8, Hospital #4, and the refugee hostel
in Sevan were used for field testing. Modifications were made based on the respondents ability to
understand the questions and the ranking scale used in the survey. The final version of the survey
is included in Appendix B.

After field testing and adjustment, the survey was implemented by the RMA/Yerevan staff (Rita
Haroutunyan). Surveys were administered to personnel at a total of nine sites (listed below)
which were weatherized in the period September 1995 through April 1996. Unless otherwise
indicated, the sites were all located in Yerevan.

. Maternity Hospital #4

. School #38

. School #20

. Maternity Hospital #2

. Traumatological Hospital #6
. Refugee Hostel (Aparan)

. Refugee Hostel (Sevan)

. School #8 (Spitak)

. St. Mary’s Hospital

Non-Participant Survey

Several questions on the participant survey are oriented towards what the customer perceives are
the benefits of weatherization. This section of the survey was administered to non-participants in
the program (i.e., customer groups who would like to have weatherization done in their facilities
or unweatherized areas of buildings where work was done). One school (School #8) and one
hospital (Erebouni) were included in the non-participant group.

The non-participant survey was developed and field-tested during the April trip of Ms. Worzala.
It was decided to change the ranking scale from a numerical one (1 to 5), to a “yes,” “no,” or
“don’t know” response. This was because, in the field test, it was determined that respondents
could not judge over a spectrum of responses to questions such as “Weatherization will save
energy”. Either the respondent agreed with the statement or disagreed, but didn’t have any basis
for differentiating on a scale. The non-participant survey was finalized after the field test, and is
included in Appendix B (both in English and in Russian).
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Worker Survey

One of the benefits to the weatherization program should be the increased skill level of the
workers who were responsible for installing weatherization. A survey was developed to
determine the impact of the training and other benefits of the program, including income
generation, increased awareness of weatherization, market development, other employment
opportunities, and interest in forming a weatherization company. The survey was field tested with
a group of five workers and revised, based on their comments. The survey was administered to
approximately one-third of the 60 crew members working on the program. Workers were also
asked their opinion of the positive and negative attributes of weatherization.

Persistence Survey

The primary methods of assessing persistence of the weatherization done in previous years was
through visual inspection and interviews. A checklist was developed for the reviewer to visually
inspect the weatherized areas. The general condition was rated “1" (poor), “2" (average), or “3"
(excellent). The reviewer also solicited comments from beneficiaries of the weatherization. In all,
eight sites were visited in the persistence survey (three schools, two hospitals, two residential
buildings, and the art gallery).
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4.2.2 Descriptive Summary of Sample

Participant Survey

Site Job Title Number Interviewed Average Years at Site
Administrator | 16
Teacher/Administrator { 2
Teacher ) 9.4
Parent 3 N/A
Administrator | 44
Teacher/Administrator 2 18.5
Teacher 4 20.5
Administrator 1 3
Teacher 2 3
Maintenance | 3
U.N. Representative | N/A
Teacher/Administrator | 2
Teacher | 2
Administrator 3 13.7
Chief Physician | 6
Physician 3 19.3
Nurse | I
Maintenance | 9
Administrator | 10
Physician/Administrator 2 18.5
Physician 2 155
Nurse 4 28.25
Cleaner | 14
Administrator 2 2.5
Physician Administrator | 12
Nurse 4 9.75
Maintenance 3
Administrator i I
Refugee 2 8
Administrator (UN Rep.) I 2
Refugee 4 4
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Non-Participant Survey

Site Job Title Number Interviewed Average Years at Site
] Administrator 2 11.5
Teacher 4 10.25
Maintenance 2 12
| Chief of Department 3 5
Chief Nurse | 6
Nurse | 5
Maintenance | |

Workers Survey

Crew Leader 5 2.8
Carpenter 4 [.75
Worker 5 2.3
Other 2 I

Persistence Survey

The following shows the sites which were visited to determine persistence of weatherization
measures, their location, year of weatherization, and number of persons interviewed at each site.

School #4, Spitak 1994 2: Director, Maintenance

School #6, Spitak 1995 3: Director, Deputy Director, Maintenance

School #67, Yerevan 1994 |': Director

Republican Maternity Hospital, Yerevan 1993 | : Administrator

Cardiology Hospital, Yerevan 1994 I'1:9 Nurses, Chief of Laboratory, Deputy
Chief

Sayat Nova Apartment Building, Yerevan 1993 Members of 3 Families

Refugee Center, Aparan 1995 2: Director of Kindergarten, Maintenance

National Art Gallery, Yerevan 1994 3: Chief of Depository, 2 Employees

Resource Management Associates, Inc.
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5. OTHER PROGRAM IMPACTS AND LESSONS LEARNED

In addition to the impacts discussed in the previous sections, there have been several spillover
effects of the project as well. These effects are very difficult to measure scientifically and may not
be sustained in the long term. Nonetheless, they are worth mentioning and recognizing as directly
related to the project activities.

1. Multiple economic benefits have accrued to the Armenian economy through wages paid
and local procurement purchases. A standard economic multiplier effect in the U.S. might
be 2 - 3. In the third phase of the project alone, approximately $300,000 was spent on
local wages and local procurement. Many bilateral projects are criticized by the host
governments because most of the funds stay in the country which is providing the
assistance, i.e., providing work for consultants. This project can be used as an example of
one which has successfully enhanced the livelihood of people in the country receiving the
assistance.

2. Other donor organizations have recognized the benefits of this type of program, and have
committed funds to similar programs in other parts of Armenia. While the programs may
not contain the same elements, the weatherization project demonstrated that a large
number of local personnel can be mobilized and trained to do high quality weatherization
and construction-related work.

3. The demand for weatherization supplies has assisted in the development of two small local
manufacturers.
4. The awareness of the benefits of building weatherization is increasing, contributing to the

beginning of a market demand for such services. Several private companies will be
starting up within the next few months, formed from the crews who were trained to do the
weatherization work.

The Armenia Weatherization Project has been widely regarded throughout the country as a
successful project. This is largely due to the grassroots nature of the project. It is highly visible
and has an immediate effect on people’s lives. Skills which are marketable and transferable to
other types of work (e.g., general construction) were taught. One indication of the project’s
success is that two other donor agencies have designed and implemented similar projects, with a
third considering this for next year.

Several factors contributed to the success of the project. Strong local leadership by the Armenian
Project Manager was crucial. His ability to direct and manage the work, and to absorb and pass
along Western business practices made the project possible without a resident expatriate.
Scheduling the work, working with administrators at the sites, obtaining local materials, and
relations with the work crews was delegated entirely to the local staff. Very high standards were
set for the quality of the work, and the workers took pride in being able to meet those standards.
The weatherization work which emphasized long-term solutions to infiltration problems, rather
than stop-gap measures which will not be sustained. Job costing and tracking were given priority,
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which has developed a strong foundation from which to form small businesses. The costs of
weatherization were closely tracked through the project period in an effort to make the service
more cost-effective, thus more affordable in a market-oriented economy. Continued support over
a three-year period allowed the program to evolve.

The primary obstacles which needed to be overcome in implementing the project, and for the
long-term sustainability of weatherization services, may not be unique to Armenia. First, the state
of the Armenian economy is very poor, though improving. This means that only a select few can
afford the services which are being offered, so there is unlikely to be much of a sustained market
for weatherization. The second obstacle is the lack of quality materials which are available
locally. Caulking and weatherstripping are rarely available on the local market, and when they
are, the quality is generally very poor and the price very high.

A third obstacle which affects the demand for services is that the cost of energy is highly
subsidized and supply is uncertain. This means that the payback period for weatherization is very
long, making the service uneconomic. The slow pace of privatization has also contributed to a
lack of incentives for weatherization.
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Address:

Gurjyan Str. # 6, Il Massiv

Phone:

63-25-10

Chief Administrator:

Armen Manukyan

Head of Maintenance:

Arthur Martirossyan

Building Operational Capacity:

140

Date of Construction:

1984

Significance:

The only Maternity Hospital for the
Region with population 400,000 p.

Total Number of Rooms:

180

Doctors: 30
Nurses/Laborants/etc.: 70
Administrative: 20
Maintenance: 5

&

Patient rooms:

Operating Rooms: 21

Laboratory Rooms: 6
Critical Care Room: 3
Laundry: 1
Kitchen: 5
Storage Rooms: 8
Offices: 36
Maintenance Rooms 5
Bathrooms 24

Different .28




Armenia Weatherization Project
Monitoring Data Collected

¥, Sis
o SIS

Temperature inside the building ‘93-'94

no data

Temperature inside the building ‘94-'95

no data

Temperature inside the building 9596

+19C

Temperature outside the building ‘93-'94

-15C

Temperature outside the building '94-'95

-10C

Temperature outside the building ‘95-'96

0C

Power consumption ‘93-'94

53620

Power used for heating

no data

Power used for ligting

no data

Power used for kitchen and laundry

no data

Power used for other purposes

no data

Power consumption ‘94-'95

Power used for heating

Power used for ligling

Power used for kitchen and laundry

Power used for other purposes

Power used for heating

no data

Power used for ligting

no data

Power used for kitchen and laundry

no data

Power used for other purposes

1800 kw/h

Fuel consumption ‘93-'94

gas

non

wood

non

kerosene

non

Fuel consumption  ‘94-'95

gas

wood

kerosene

mazut

i Fuel consumption ‘95-'96

gas

wood

kerosene

mazut

{ Hours heat supplied per day  ‘94-'95

3 Hours heat supplied per day  ‘95-'96

Temperature of heat carrier ( supply) '94-'95

] Temperature of heat carrier ( return ) ‘94-°95

Temperature of heat carrier ( supply ) ‘95-'96

Temperature of heat carrier ( return ) ‘95-'96

Power consumgptian limit ‘94-'95

Power consumption limit ‘95-'96

91500

Used power comparing to limit _‘94-'95

102.5%

Used power comparing to limit ‘95-'96

46.0%




Armenia Weatherization Project
Monitoring Data Collected

300 mm 300 mm 300 mm

Thickness of outside walls 300 mm 200 mm
Surface of glazing 339 sq.m 211 sq.m 327 sq.m 208 sq.m non
Surface of building envelope 936 1092 977 977 986
Surface of windows covered w/ Astro-Foil non non non non non
Surface of walls insulated non non non non non
Thickness of insullation non non non non non
Surface of glazing missing 90 90 55 55

Orientation N-E S-W S-E N-W

Number of windows 129 81 127 80

Average size of windows 2.59 2.57 2.57 2.57

Average perimeter of window 6.47 6.42 6.42 6.46

Average size of gap between window sash and frame 7mm 7 mm 8 mm 7 mm

Average size of gap between window frame and building 10 mm 5mm 12 mm 7 mm

Number of exterior doors 4 2 2 2

Average size of doors 536sqm | 4.28sq.m | 3.88sq.m | 3.46 sq.m
Average perimeter of doors 11.5m 8.5 m 8 m 7.6m

Average size of gap between door sash and frame 4 mm 8 mm 10 mm 7 mm

Average size of gap between door_frame and building 6mm 8 mm 12 mm 7 mm

19 | Building material

Concrete whuta plates

20 | Number of existing glass panes 2

21 | Type of the roof flat roof

22 | Number of floors 7

23 | Total volume of the building 20700 cub. m
24 | Average size of the gaps around windows 7 mm

25 | Heating system

Hot water w/electrick heaters

Type of heating units

Radiators & Heaters el.

Total surface area of glass

26

27 | Number of healing units 417

28 | FEfficiency of heating units 60%

29 | R- Value of wall material 0.66

30 | U- Value of wall material 1.5

31 _| R- Value of roof material 0.55

32 | U- Value of roof material 1.8

33 | Area of one floor 986

34 | Total floor area 7888

35 | Total surface of the building 4700sq. m
36 | Tolal surface area of exterior doors 44.7 sq.m
37

1085x2-2170 sq. m

Data Collected by : Hovik Chibukhchyan, Gagik Karapetyan, Vahag Karapetyan
Data Provided by: Armen Manukyan - Chief Administrator,
Arthur Martirossyan - Head of Maintenance.

Date: Sept. 1995



Armenla Weatherization Project
Monitoring Data Collected

Building:

Temperature inside the building '95-'96

Temperature outside the building ‘95-'96

Power consumption ‘95-'96

Power used for heating

Power used for ligting

Power used for kitchen and laundry

Power used for other purposes
actual estimate
Fuel consumption '95-'96
gas
wood
kerosene
mazut

Hours heat supplied per day  '95-'96

Temperature of heat carrier ( supply) ‘95-'96

Temperature of heat carrier ( retum ) ‘95-'96

Power consumption limit ‘95-'96

Used power comparing to fimit '95-'96

Data Collected by :
Data Provided by:
Date:



FILE3.

W

! O )3 =
Date / Time g g Air Density Alr Density Tem- Tem- Outside Inlet Alr
perahire pe 1s ed v perature |perature {Tempe From One Qng
a0 ahe e waatharized |Outside Air [l v cieih ikl Bl nON wea- |weathe-  |rature Broken Q do
e ad pe o thetized |rized Window 6 egihe
absolute jabsolute jabsolute [Non weather
0 Dw Do g Tnw {Tw To Vb
kg / cub.m kg / cub.m G : 3‘ v (U] [O) {T) cub.m/hour >
11/01/96 0:57 562 15.26 [SAY:] 1.2275 1.2993 0.1282 16.3547 278.62 288.26. 273.14 161563415 1982 8560
12/01/96 0:57 562 15.23 0.13 1.2277 1.29%4 0.1282 20.1105 278.62 288.23 273.13 1614.3568 1981.8773
13/01/96 0:57 562 15.24 014 1.2276 1.2093 0.1282 17.2214 278.62 28824 27314 1614.3288 1981.7662
14/01/94 0:57 372 14.62 -V 6d 1.2306 1.3078 0.1291 160945 276.72 287 62| 271.36 16769935 20563.6328
15/01/96 0:57 255 13.72 -2.16 1.2348 1.3103 0.1293 16.6980 27555 286.72, 270.84 1659.8808 2049.6707
16/01/96 0:57 255 13.69 -2.07 1.2350 1.3098 0.1250 163572 275.85 286.69 270.93 1653.6839 2042.2541
17/01/946 0:57 1.76] 13.18 -2.98 1.2374 1.3142 0.1254 221724 274.76 286.18 27002 16760296, 20739107
18/01/96 0:57 216 1403 -1.78 1.2334 1.3085 0.1248 220527 27616 287.03 271.22 1655.3238 2041.6060
19/01/96 0:57 204 14.11 -1.68 1.2330 1.3080 0.1248 18.6479 27594 28711 27132 1664 0459 2039.4014
20/01/96 0:57 4.1 14.92 -0.34 1.229N 1.3016 01242 19.3342] . 277 287.92 272.66 1623.7606, 1995.8129
21/01/96 0:57 3.54 14.47 -0.83 1.2313 1.3039 0.1220 19.9086 27654 287 .47 272317 16271694 2003.4685
22/01/96 0:57 372 1481 -1.67 1.2297 1.3079 0.1223 190.9695 276.72 287 81 271.33 1687.7430 2075.3374
23/01/96 0:57 486 1527 -042 1.2275 1.3020 0.1218 21.3892 27786 288.27 27258 1645.4792] 2019.7723
24/01/96 0:57 599 1559 038 1.2250 1.2982 0.1214 21.3267 278.99 288.59 273.38 1619.2154 19850731
25/01/96 0:57 7.15 1629 198 1.2226 1.2906 0.1193 161918 280.16 289.2¢ 27498 1568.6778 1917.9008
26/01/96 0:57 7.85 16.61 079 1.2211 1.2962 0.1198 17.2474 280.85 289.61 273.79 1648.4551 20129326
27/01/96 0:57 8.58 17.87 1.59 1.2151 1.2924 0.1104 17.1948 281,58 290.87 27459 1668.6236| 2027 5738
28/01/96 0:57 8.94 1791 198 1.2149 1.2006 0.1193 17.1721 281.94 29091 274.98 1650.4760 2005.2087
29/01/94 0:57 894 18.54 198 12118 1.2006 01193 21,4652 281.94 291.56 27498 1681.9340: 2038.2349
30/01/96 0:57 9.3} 18.19 198 12136 1.2006 01193 21.4652 28231 22119 27498 1664.1173 2019.5686
31/01/960:57 894 1891 119 12102, 1.2943 01196 215276 281.94 291.91 27419 1737.7529| 2102.9895
01/02/96 0:57 1003 2076 316 1.2014 1.2850 0.1187 28.4959 283.03 293.76 27616 1726.3970 2074.0760
02/02/96 0:57 7.74 18.16 -0.01 1.2137 1.3000 0.0961 21.6224 280.74 2114 27299 1761.9447 2138.5427
03/02/96 0:57 674 17 86 -4.71 1.2152 1.3224 0.0977 219937 27974 29086 268.29 1964.7371 2387.4797
04/02/96 0:57 599 1778 516 1.2156 1.3245 0.0979 293723 278.99 290.78 267.84 19810485 2408 0535
05/02/96 0:57 599 1775 -4.71 1.2157 1.3224 01222 29.3249 278.99 290.75 268.29 1960.3141 2383.1294
06/02/960:57 486 17.58 -4.27 12165 1.3203 0.1220 20.2786 27786 290.58 268.73 1934.0759 23527937
07/02/96 0:57 637 19.46 -0.83 1.2076 1.3039 0.107 21.6872 279.37 29246 27217 1857.7550) 2243.3599
08/02/96 0:57 8.58 20.81 038 1.2012 1,2982 0.1066 215916 281.58 20381 273.38 1859.8656 2233.9822]
09/02/96 0:57 1003 21.11 3.16 11997 1.2850 0.1085 213720 283.03 294.11 27616 1742.4404| 20904539
10/02/96 0:57 1147 21.75 584 1.1967 1.2723 01011 194198 284.47 294.75 27884 1438.6600 19460.9639
11/02/96 0:57 1218 22.51 47 1.1931 12777 0.1016 195024 285.18 205.51 277.7 1731.5161 20658329
12/02/96 0:57 1182 22.15 393 1.1948 1.2813 0.0947 17.0489 284.82 29515 276.93 1752.4008 2093 7466
Page }
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13/02/96 0:57 1182 2201 277 1.2439 1.1955 1.2868 00732 170222 28482 25011 21877 180).2120 2153.2633
14/02/96 0:57 1147 22.18] 432 1.2486) 1.1944) 1,279 0,083 170242 28447 29518] 27732 17349139 2072.6062
15/02/96 0:57 182] 2231 336 1.2439 11940 12860 00633 213720]  28482] 29531 27616 17960812 21445704
16/02/96 0:57 82| 2247 393 1.2439 1.1933 12813 00474 1704800 28482 29547 27693 1766.7652 2108.2234
17/02/96 0:57 47| 222 4.7 1.2486 1.1945 12777 00509 170002{ 28447 29521 277.7 1717.7430, 2051.8484
18/02/96 0:57 075] 2167 584 1.2489 1.1971 1.2723 00506 169282 28375 20487 27884 1634.7568 1956.9142
19/02/96 0:57 1075) 2145 508 1.2489 1.1981 12769 0.0629 169762| 28375 20445  278.08 1663.0267 19924931
20/02/96 0:57 N47] 2289 459 1.2456 1.1913 12687 00508 168808 28447 2589 27959 16654243 19720614
21/02/96 0:57 1253| 2303|584 1.2405 1.1906 12723 0.0509 169282 28653  29608] 27884 1699.6157 20235752
22/02/96 0:57 1039 2171} 696 1.2506 1.1969) 1.2669 00507 210717] 28339 2471 27996 1577.8991 1888.5519
23/02/96 0:57 1253|  22.98]  5.84 1.2406 1.1908 1.2723 0.0509) 21.3602]  28553]  20598] 27884 1697.2854 20212039
24/02/96 0:57 1039] 2167|584 1.2506 11971 1.2723 0.058) 21.4338]  28330]  20a67] 27884 1634.7568 19569142
25/02/96 0:57 039 2187 508 1.2506 1.1961 1.2750 0.0583 21.4946]  28339{  20487) 27808 16830266 20130963
26/02/96 0:57 1253  22.95| 807 1.2405 1.1910 1.2617 00583 209841)  28653| 29595 8107 15815137 1883 5630
27/02/96 0:57 9.31 21.48 47 1.2558 1.1980 12777 0.0500 17.0002]  2823) 29448 2777 16836381 20169479
28/02/96 0:57 8.22|  21.27) 546 1.2610 1.1990 12741 0.0634 282537]  o81.22f 29427 27846 16348338 1960.1125
29/02/96 0:57 562  20.34) 238 1.2733 1.2034 1.2687 0.0638 17.0460| 27862  29334] 27538 17452120 2100.1619
01/03/96 0:57 562|  2007] 238 1.2733 1.2047 1.2687 0.0595 14.2891|  27862]  29307) 27538 17328417 2087.4981
02/03/96 0:57 578] 1986 277 1.2725 1.2057 1.2868 00615 142685 27878  20286] 27577 17038119 2064.2264
03/03/96 0:57 748) 1978|432 1.2645 1.2060 1.2795 00412 14.1869]  28048]  m278] 27732 16207450 1954.6914
04/03/96 0:57 773 1986 47 1.2633 1.207] 1.2777 0.0630 140660 28073 - 29256 277.7 1569.5807 1918.7670
05/03/96 0:57 819 1901} 546 12611 1.2097 1.274) 0.0589 141268 28119 29201 27846 15193277 1837.9345,
06/03/96 0:57 88|  19.27] 659 1.2573 1.2085 1.2687 00664 140673 281981  29227( 27959 1469.0892 17753465
07/03/96 0:57 926  19.05 77 1.2560 1.2095 1.2634 0.0584 120076 26226 29205 280.7 13904327 1681.7458
08/03/96 0:57 1003]  18.86 8.8 1.2524 1.2104 1.0582 0.0547 11.9579]  28303{ 201486, 2818 1309.4604 1584.9506
09/03/96 0:57 912|  18.63] 696 1.2567 12115 1.2669 0.0507 122614]  28212]  21463]  27996 14109122 1709.3307
10/03/96 0:57 9.18 18.7} 7.33 1.2564 12111 12652 0.0506 122444]  28238] 20171 20033 13930802 1687.1978
11/03/96 0:57 968 1881 843 1.2540) 1.2107 1.2600 00544, 119746] 28268 20181 28143 13302377 16104556
12/03/96 0:57 10.14 18.89 88 1.2518 1210 12582 0.058) 119579]  283.04] 2189 2818 1311.3440 1587.0836
13/03/96 0:57 1026] 1879 88 1.2513 1.2107 1.2582 00581 139509 28326| 2179 2818 13050531 15800898
14/03/96 0:57 103 18.81 88 1.250) 1.2107 12582 00618 13,9509 2833 2181 218 1306.3141 15814924
15/03/96 0:57 1217 19.36|  10.24 1.2422 1.2080 12514 00542 1583470 28517]  29236] 28324 12457162 1504 8750
16/03/96 0:57 1001 18.75] 843 1.2525 1.2100 1.2600 00546 15.0435|  2830] 2175 28143 1326.5239 1606.3375
17/03/96 0:57 8.67 17.38] 584 1.2588 12174 12723 00561 172289 28167 20038 27884 14080482 1711.7864
18/03/96 0:57 841 17.26] 546 1.2601 1.2180 1.274) 00710 17.2634] 28141 29026 27846 14220032 1732.1309
19/03/96 0:57 611 14.67] 038 12710 1.2308 1.2982 00723 175602 279.11 87671 27338 15719889 19340455
20/03/96 0:57 689 14791 318 1.2673 1.2097 1.2850) 0.0716 184101 279891 28779 27614 14178578 1743.6070
21/03/96 0:57 7.43 1465, 384 1.2647 1.2304 12832 00694 18.3842]  28043]  o876s5i 27654 1386.1349 17065177
22/03/96 0:57 776] 1479 a7 1.2631 1.2097 12777 00691 183052  28076] 28779 2777 13206520 1624.0685
23/03/94 0:57 865| 1550 659 1.2589 1.2264 1.2687 0.068¢| 181766]  28165( 28850 27959 1239.5002) 15200921
24/03/96 0:57 879  15.62] 696 1.2582 1.2258 12669 00685 181514] 28179 28862 27998 12217332 1497 6067
25/03/96 0:57 1062  1526] 916 12496 1.2275 1.2665 0.0868 19.1841]  28362( 28826 28214 10260142 1250.4479
26/03/96 0:57 Bsol  15.01 .84 1.2592 1.2287 12723 00879 19.4240)  28159( 28801 27884 1258.5241 15463517
27/03/96 0:57 895|  15.62] 659 1.2575 1.2258 1.2687 00877 19.3705|  281.95]  osBe2| 27959 12475507 1529.2649
Page 2
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28/03/96 0:57 987 15.39 6.96 1,2531 1.2269 1.2669 0.0875 19.3436 282.87 288.39 27996 1205.8807 1479.4920
29/03/96 0:57 11.85 1621 982 1.2437 1.2278 1.2548 0.0867 19.1680 284.85 288.21 28252 910197 1216.7269
30/03/96 0:57 12.64 14.18 1061 1,2400 1.2326 1.2496 0.0863 19.6168 285.54 287.18, 283.6} 786.3894 969.3390
31/03/96 0:57 126 14.20 1061 1.2402 12326 1.2496 0.0863 19.6168 285.6 287.20 283.61 788.5617 971.9417
01/04/96 0:57 1246 14.14 10.24 1.2408 1.2328 1.2514 0.0865 19.6443 28646 287.14 283.24 8219892 1013.3771
02/04/96 0.:57 1207 14,30 9.74 1,2427 1.2321 1.2637 0.0866 19.6816 285.07 287.30 28‘2.7:1 888.5774 1094.7940
03/04/96 0:57 1197 14.11 903 1.2431 1.2330] 1.2571 0.0869 19.7346 284,97 287 .11 28203 938.1847 1156.7606
- 04/04/94 0:567 11.43 13.89, 88 1,2457 1.2340 1.2582 0.0788 17.9092 28443 286.89 28{.8 939.4677 1159.3243
05/04/96 0:57 11.39] 14.01 843 1.2459 1.23356 1.2600 0.0786 17.9342 284 39 287.00 281.43 983.4431 1213.0304
06/04/96 0:57 11.35 14.01 8.43 §.2461 1.2336 1.2600 0.0786 17.0342 284,35, 287.0 28143 £83.4431 1213.0304
07/04/96 0:57 1133 1412 8.24 1.2462 1.2329 1.2609 0.0787 17.9471 284.33 28712 281.24 1009.3403 1244 4459
08/04/96 0:57 11.64 14.14 1.2447 1.2328 1.2582 0.0785 17.5837 284.64 287.14 281.81 960.9425| 1184.6836
09/04/96 0:57 12.34 14.26 9.16 1.2414 1.2323 1.2565 0.0784 17.5305 285.34 287.26 282.16 939.7843 1158.0633
10/04/96 0:57 12.34 14.36 868 1.2414 1.2318 1.2588 00785 17.5624 285.34 287.36 281.68 991.6118 1221.4574
11/04/96 0:57 1203 14.39] 9.88 1.2429 1.2316 1.2531 0.0655 17.4828 28503 287.39 28288 883.56540| 1088.2271
12/04/96 057 Al 14 46 988 1.2426 1.2313 1.2631 0.0655 17.4828 285.11 287 46 28288 890.2740| 1096.2102
13/04/96 0:57 1214 15.10)] 1096 1.2423 1.2283 1.2479) 0.0653 15.5032 285.14 288.10 283.96 845.4914 1038.4960
14/04/96 Q.57 1279 14.71 952 1.2392 1.2301 1.2548 0.0656 15.5881 285.79) 28771 282.52 947.2985| 1165.2980
15/04/96 0.57 12.38 16.80) 1043 12412 1.2250 1.2505 0.0654 15.5344 285.38 288.80 283.43 961.7655 1178.1147
16/04/96 0:57 1276 15.20 1096 1.2394 1.2278 1.2479 0.0653 166032 285.76 288.20 283.96 855.4933 1060.3746
17/04/96 0:57 13.96! 16,61 13.09 12337 12269 1.2378 0.0647 14.3142 286.96 28861} 28609 659.0604 807 9109
18/04/96 0:57 1553 15.86, 13.45 1.2262, 1.2247 1.2361 0.0597 14.2944 288.53 28886 28645 644.2367 788.9742
19/04/96 0:57 1647 16.23 14.16 1.2265 1.2229 1.2327 0.0596 14.2554 288.47 28923 287.16 596.6837 7296889
20/04/96 0:57 16.24 1647 1487 1220 12218 1.2294 0.0594 165.4433 289.24 28947 28787 524.3712 4640.6597

gh
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Infiltation- Vieatherized vindow
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Infiliration- Non Weatherized Window
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Maternity Hospital # 4
Calculations Based on Actua

1 Data

FILE4.

==

Date / Time Heat losses |Heat losses |Heat losses {Heat losses |Heat Heat : Energy Conventional Money

from one from one from ane from one losses losses losses Tom one tiom ohe savings fuel savings

non non non broken from 85 from 320 trom 22 eatherted | weotherzed in the saved in the petiod

weathetked |weatherked | wedtherized |window non non broken double pane }¥ peftiod of inthe perion  of monitoring

window single pane |double pane|{by inlet alr weatherzed weathetized |windows window 22 monitoring of monitoring

by infittration {window window single pane double pane by transtere

by transtere [y transtere windows windows

pet day per day per day per day per day pat day pet day per day 5 perday perday

Q inf. nw a 1r. nwl Q i1, nw2 Qb. nw Qnwl Q nw 2 Qb Qtr w2 B E

kcalday kcal day kcalday kcalday kcalday keatday kcal day kcal day : kcalday kg/day S/ day
11/01/96 0:57 1424.356 4164.05 2313.34/ 172689.31 475014,09 1196068.17 1850.69, ; 3 46756234.07 954,13 $100.18
12/01/96 0:57 174913 4158.54 2310.30 172375.76| 502152,34]  1299019.07 1848.24 4799476.62 979.49 $102.856
13/01/96 0:57 1497.85 4156.54 2310.30 172366.10| 480792.92 121840713 % 4697492.92 958.67 $100.66
14/01/96 0:57 1413.72 4478.00| 2487.78 193274.89 500796.18 1248478.65]  4252047.64 5146334.73| 1050.27 $110.28
16/01/96 0:57 1627.34 4373.35 2429.64, 187480.92 501558,97 12646234.16]  4124580.14§: 5057357.27 1032.11 $108.37
16/01/96 0:57 1484.87 4340.30] 2411.28 185390.93 495139.47 1246766.81 4078600.38F: 4991969.80) 1018.77 $106.97
17/01/96 0:57 2063.84 4450.46 247248, 193042.93 85371628}  1451623.88) 4246944.38F 5400702.37 1102.59| 811577
18/01/96 :87 2008.24 A354.07 2418.93 185920.07 540796.89 1416695.17 5216573.28 1064.61 $111.78
19/01/96 0:57 1696.03 4348.57 2415.87 185484.37 513790.77 1315608.42 5080148.23 103676, $108.86
20/01/96 057 1699.43 4202.60 2334.78 175427.16| 50167279 1290945683 4849795.84 989.75 $103.92
21/01/96 0:57 1754.50] 4213.62 2340.90 176561.67 507290.59 1310629.47 1872.72 4897935.61 999.58 $104.96
22/01/96 0:57 1895.60 4538.59 2521.44 197000.99| 546906.50 1413453.46, 201715, 5428098.88 1107.78 $116.32
23/01/96 0:57 1933.03 4321.08 2400.57 182535.71 531595,08 1386753.20] 1920.46 5109399.33 1042.73 $109.49
24/01/96 0:57 1868.43 4188.83 232713 173911.46) 514867.25| 1342578.50] 3826052.07}: 1861.70 4884007.48 996.74 $104.66
25/01/96 O:57 1334.62 3940.97 2189.43 158084.13 448425.42 1127695.75 : 17561.54 4301845.55| 877.93 $92.18
26/01/96 0:67 1571.63 4356.83 2420.46| 183424.86 503919.25 1277470.01 1936.37 498524678 1017.40 $106.83
27/01/96 0.57 1612.59 4483.51 245084/ 190131.27 518148.76 1313097.95 5158501.95; 1052.74| $110.54
28/01/96 0:57 1675.66 4387.12 2437.29| 183991.53 506836.53 128414422 5001543.97 1020.72 $107.18
29/01/96 0:57 2049.94 4566.13 25346.74 194653.06 562366.25 1467738.07 5441058.41 1110.42 $116.59
30/01/96 0:57 200419 446423 2480.13 188566.31 54981644 1434983.97 5281292.49] 1077.81 $113.17
31/01/96 O:57 2197.26 4880.09 2711.16! 214646,25| 601574.63 1570694.59 5963142.06| 1216.97 $127.78
01/02/96 0:57 2888.80 484704 2692.80]  210261.83 $67546.76] 178611336 6144413.68) 1253.96 $131.67
02/02/96 G:57 2262.98 5004.02 2780.01 223818.17 417695,00 1613757.45, 620160615 1265.61 $132.89
03/02/96 0:57 2859.25] 6215,78 3453.21 310380.00 771377.49| 2019987.42 8434682.39] 1721.34) $180.74
04/02/96 0:57 3881.10 6317.68 3509.82] 3181856.71 866895.59! 2365093.02 9027617.43 1842.37 $193.45
05/02/96 0:57 3793.75, 6185.48 3436.38 308304.501 848235.30 2313443.13 8763960.21 1788.56 $187.80
06/02/96 0:57 3484.89] 6017.49 3343.06 296113.20 824701.92 2248939.38 8439689.85 1722.37 $180.85
07/02/96 0:57 2534.59 5587.87 310437 242182.37 690408.63 1804466.70 7197090.20, 1468.79 $154.22
08/02/96 .57 254083 §626.42 312679  242887.87 69421625  1813317.74 7217939.65 1473,08) $154.67
09/02/96 0:57 2209.49] 4943.43 274635 216136.21 408015,12 1585932.49 6006131.70 1225.74 $128.70
10/02/96 0:57 1779.66 4381.61 2434.23 179705.87 523708.24 1348444.6) 4990191.08 1018.41 $106.93
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11/02/96 0:57 2000.67 4904.87 2724.93 211924.70 586971.12 1512191.55 10.42
12/02/96 ©:57 1789.23 501779 2787.66 219732.84 578696.88 1464606.10) 9.94
13/02/96 0:57 1897.52 5298.70 2943.72 2384629.81 611678.75 1549198.27 8.1
14/02/96 0:57 1761.35! 4918.64 2732.58 213216.46 566949.13 143485625 6.49!
16/02/96 057 23572.41 5273.91 2929.95 236554.69, 548662,37 1691955.83 6.98
16/02/96 0:57 1820.66| 5105.92 2836.62 225138.02 588758.84 1490329.15 5.06!
12/02/96 0:57 1714.60 4822.25 24679.03 206944.50 555632.82 1406962.45 5.13
18/02/96 0:57 1543.63 43569.58 2421.99 178433.01 50176412 1268964.88 4.62
19/02/96 0:57 1600.71 4508.30 2504.41 187874.56! 619266.49 1313701.69 5.93
20/02/96 0:57 1584.90 4489.02 2493.90 185162,90! 516283.44 1305216.90 4.77
21/02/96 ©:57 1676.13 473413 2630.07 200343.08 544872.09 137798623 5.04
22/02/96 0:57 1790.26| 406215 2256.75 160451.37 497454.47 1295041.78 4.31
23/02/96 0:57 2089.07 472036 2622.42 199546.18 578801.48 1507477.81 5.03
24/02/96 0:57 1954.35, 435958 2421.99] 178433.01 536684.03 1400428.09| 630
25/02/96 0:57 2078.75 4623.97 2568.87 1944687.35 669730.83 1487238.28 5.64
26/02/%6 0:57 1798.52 4097.95 2276.64 161437.93 501199.94) 1304050.68 5.001
27/02/96 0:57 1643.12 4621.21 2567.34 194943.66 532468.23 1347347.22 5.71
28/02/96 0.57 2572.94 4354.07 2418.93 178498.83 588795.93 1507397.44 577
29/02/96 0:57 1773.84 494618 2747.88 21726091 £71201.69 14446949.06 6,60
01/03/96 O:57 1455.97 487183 2706.57 212704.36, 537843.02 1332014.14 6.07
02/03/96 0:67 1404.57 4706.59; 2614.77 20221476, 519448.20 1286188.56 6.06)
03/03/96 0:57 1263.34 4257.68 23465.38 174064.49 469286.66 1161188.95 5.45
04/03/96 0:57 1212.59! 4092.44 2273.58 16423417 450928.11 1115676.23 5.39
05/03/96 0:57 1102.57 3731.67 2073,15 14344701 41091049 1016230.73 4.59
06/03/96 O0:57 1027.43 3492,07 1940,04 129665.63 384157.83 949591.00 485
07/03/96 0.57 785.01 3125.79 1736.55 109945.81 332417.85 806898.65 3.82,
08/03/96 0:57 692.91 2770.52 1539.18 91843.22 294391.,85| 714268.67 317
09/03/96 0:57 824.20 3213.92 1785.51 114899.84 343240.42 835108.65 3.41
10/03/96 0:57 802.61 3134.05 174114 110593.79 334616.11 813999.39 3.32 ‘
11/03/96 0:57 715,95 2858.65 1588.14 96287.21 303841,10] 737308.52 3.26
12/03/96 0:57 694.98 2778.79 154377 92238.76 295269.76 716398.69 3.38
13/03/96 0:57 802.77 2751,25] 1528.47) 20922.16 302091.32 745996.64 3.34}
14/03/96 0:57 804.38 2786.75 1531.53 91185.06 302696,11 74749013 3.56
15/03/96 0.57 831.82 2511.65 1395.36 79052.8% 284194.46 712696.41 2.85
16/03/96 0:57 947.73 284213 1578.96 95485.84 322138.17 808541.69 3.24
17/03/96 0:57 1145.21 3178.12 17656.62 113783.12 34748312 931467,16 3.66)
18/03/96 0:57 1172.68 3249.72 1805.40 117729.47 376903,85) 952985.05 482
19/Q3/96 0:57 1447.03 3935.47 2186.37 159192.06 45751214 1162687.91 595
20/03/96 0:57 1233.27 3202.90 1779.39 116802.14 377074.39 964050.33 4.79
21/03/96 0:57 1174.47 3059.69 1699.83 109142.22 360073.99 92041619 4.44
22/03/96 G:57 10463.87 2778.79 1543.77 94388.26 326626.92 £34445.38 4.02
23/03/96 0:57 932.85 2453.81 1363.23 78013.56 287866.75 734746.78 3.52
24/03/96 0:57 905.42 2384.94) 1324.98 74703.02 279682.92 713729.07 3.42
25/03/96 0:57 674.05 1679.94 933.30 44251.96, 200089.33 5§14352.69 3.05!
26/03/96 0:57 1026.01 262542 1403.01 81677.06 301871.03 777285.08 4.64

b

562422086 1189.02 $124.85
5920815,42 1208.33 §126.87
5401695.54 1306.47 §137.18
5756348.45 1174.76 $§123.35
6540967.87 133489 $140.16
5060975.64 123693 $129.88
559700745/ 1142.25) $119.94
4866931.86) 993.25 $104.29
5108101.26, 1042.47 $109.46
504091138 1028.76 $108.02
543026949 1108.22 $116.36
4549680.33 928.51 $97.49
6678529.12 1138.48 $119.54
5033022.74 1027.15) $107.85
£460167.00 1114.32 $117.00
457705144 934,09 $98.08
528913447 1079.42 $113.34
528439613 1078.45 $113.24
£856397.09 1195.18 $125.49
5622218.45 1147.39 $120.48
535857061 1093.69 $114.83
4649555,07 948.89) $99.63
4400699.03 898.10 $94.30
3872827.92) 790.37 $82.99
3521603.34 718.69 $75.46
2963289.44 404.75 §63.50
2502073.90 51063 $63.62
3094760.81 631.58 $66.32
2985436.99 £09.28 $63.97
261556633 533.79 $56.05
2512126.75 512.68 $53.83
2524821.90 515.27 $54.10
2531566.28) 516,65 $54.26
2258183.68 46085 $48.39
269061049 549.10 $57.66
3197479.19) 652.55 $68.52
3300156305 673.50 $70.72
4373019.92 892.45 $93.71
330088492 673.65 $70.73
3099060.12 63246 $66.41
2708545.85 552.76 $58.04
2271728.28 463.62 $48.68
2182805.3¢) 44847 $46.77
1367867.24 279.16 §29.31
239480046 488.73 $61.32




27/03194 0:57 1007.61 2486.86[ 1381.69 79541.35 297021 .84| 764512.82
28/03/96 ;67 939.27 2321.62 1289.79 71839.40 2771 75.42‘ 713297.68
29/03/96 0:57 427,89 1567.03 870.67 39877.49 186567.97 479607.63
30/03/96 0.57 403.38 983.18 54621 19932.71 117857.72 303869.87
31/03/96 0:57 405.64 988.69) 849.27 20098.20 118517.98 30567223
01/04/96 0:57 441,29/ 1074.06 596.70 22764.60 128804.81 332187.02
02/04/96 0:57 516.95 1265,82 49768 28755.42 150685.78 388681.57
03/04/96 0:567 577.45 1399.03 771.24 33847,74 168000.93) 433600.64
04/04/96 0.57 $26.07 1401.79 778.17 33969.63 163762.73 417228.68
06/04/96 0.:57 576.42 1536.73 853.74 38987.77 179617.98 457651.41
056/04/96 0:57 576.42 1536.73 853,74 38982.77 179617.98 457651.41
07/04/96 0:57 607.85: 1619.35) 899.64 42147.89 189311.84 4823956.66
08/04/96 0:57 538.91 1467.88 815649, 36370.73 170577.66 433409.27
09/04/96 0:57 514.98 1404.54 780301 34019.27 163159.98 414488.77
10/04/96 0:57 574.68 1564.27 869.04 39962.18 181802.78 461959.74
11/04/96 0.57 454.16) 1242.08 450.03 28269.83 144178.36 366141.45
12/04/96 0:67 461.21 1261.33 700.74 28918.90] 14641616 371824.36|
13/04/96 0:57 369,69, 1140.16 633.42 24764.39 128337.29 320996.65
14/04/96 0:57 466,00 1429.33 794.07 34835.88 161102.53 403221.71
15/04/96 0:57 480.50| 1478.90 821.61 34440,50 166548.72 41667477
16/04/96 .87 378,62 1167.70 648.72 25652.87 131437.23 328750.19
17/04/96 0.57 207,77 694.01 385.56) 11726.99) 76651.40 1890866.62
18/04/96 0:57 198.43 663.71 368.73 10952.22 7328217 181490.95)
19/04/96 0:57 169.97 570.08 31671 8700.23 62904.08 155737.62
20/04/96 0:57 142,33 440.64 244.80 5§904.32 49652,07 123880.19|
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0.94
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233764612 477.05) $50.09
2128532.45| 434.39 $45.61
1244780.32 264.04 $26.67
672903.74 137.33 $14.42
677867.63 138.34 $14.83
757118.73] 184.51 51622
932687.51 190.34 $19.99
1079861.37| 22032 $23.13
1061770.41 216,89 $22.75
1202283.65} 24536 §26.76
120228368 245,36 5§26.76
1290506.09 263.37 $27.65
1124542.60 229.50 $24.10
1058537.64 216.03 $22.68
1224969.08 249.99 $26.26
£95808.23 182.82 $19.20
91434537 186.60 $19.89
777109.67 166.59 $16.65
1058621.66) 216.05 $22.48
1103388.77 226.18 $23.64
802262.76 163.73 $17.19
392403.21 80,08 $8.41
34940998 75.39/ $7.92
301558.43 61.54 $6.46
21946096 44.79 $4.70
390101490 79.612.55 $8,389.32
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Sheetl

Energy Saved for the period of monitoring:

Money Savings:

Payback Perio
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Date / Time

11/01/96 0:67

12/01/96 0.57 22,00
13/01/96 0:57 22.00]
14/01/96 0:57 22.00
15/01/96 0:57 22.00
16/01/96 0:57 22.00
17/01/96 0:57 22.00
18/01/96 0.57 22,00
19/01/96 0:57 22.00
20/01/96 0:57 22,00
21/01/96 0:57 22.00
22/01/96 057 22.00
23/01/96 0:57 22.00
24/01/96 057 22,00
25/01/96 0:57 22.00)
26/01/96 057 22.00
27/01/96 057 22.00
28/01/96 0:57 22,00
29/01/96 057 22.00
30/01/96 057 22.00
31/01/96 057 2200] °
01/02/96 0:57 22,00
02/02/96 0:657 22,00
03/02/96 057 22.00
04/02/96 0:57 22,00/
06/02/96 0:57 22.00
06/02/96 0:57 22.00,
07/02/96 0:57 22.00
08/02/96 0:57 22.00]
09/02/96 0:57 22,00
10/02/96 0:57 22.00!
11/02/96 0:57 22.00
12/02/96 057 22,00
13/02/96 0:57 22.00

TN
SN2

FILES.

Alr Denstty Alr Density  jintitration Intitration Tern- Tern- Inlet Alr Inlet Alr
weatherzed non perature |perature  |Tempe From One From One
weatherkzed |Ouiskde At {per window weatherked |non wea- [weathe- lrature Broken Broken Window
por window  |therked |rized Window Non weather
absolste jabsolte jabsokte |Non weather
Dw Do Gw G nw Tnw |Tw To Vb Gb
kg / cub.m kg / cub.m |kg / hour kg / hour [L)] [U)] [u] cub.m/hour kg / hout
11956 1.3614| 0.1334 17.0124 29j 295,00 26214 2353.9836| 2814.1874

1.1956 1.1955 1.3518 0.1334 20.9192 295 295.00 26213 2354.3417 2814.6155
1.1955 1.1955 1.3516 0.1334 17.9139 295 295.00 262.14 2353.9836) 2814.1874
1.1955 1.1965) 1.3600 0.1342 15.6976 2954 295.00] 240.36 2416.8995 2889.4033
1,1955 1.1955 1.3625 0.1345 17.3638 295 295.00] 259.84 2434.9728 2911.0098
1.1955| 1.1956 1.3621 01299 17.0097 295 295.00 259.93 2431.8542 2907.2817
1.1955 1.1956) 1.3664 0.1304 23,0540 295, 295.00/ 259.02 24563.2031 2944.7693
1.1955 1.1955 1.3607 01298 22,9333 295 295.00! 260.22 2421.7786 2895.2363
1.1955 1,1985 1.3602 0.1298 19.3928 295 295.00, 260.32 2418.2945 2891.0711
1.1955 1.1965 1.35639; 0.1292 20.1103 295 295.00! 261,46 2371.1141 2834.6669
1.1955 1.1955 1.3562 L 01269 20.7063 295 205.00 261.17 2388.4747 2855.4215
1,1958, 1,1955 1.3602 0.1272 20.7673 295 295.00| 260.33 2417.9458 2890.4543
1.1955 1.1985 1.3642 0.1267 22,2475 295 295.00 261.58 2373.9571 2838.0657
1.1956/ 1,1955 1.3504 0.1263 22,1851 295 296.00 262.38 23463714 2803.8915
1.1955 1.1956 1,3428 0.1241 16,8473 295 295.001 263.98 2287.1284 2734.2620
1,955 1,1955 1.3485) 0.1246 17.9426 295) 295.00 262.79 2330.5853 27842148
1.1955 1.1955 1.3447 0.1243 17.8920] 295 295.00] 263,89 2301.46101 2751.3965)
1.1955] 1,1955| 1.3425 0.1241 17.8674 295 295.00 263.98 2287.1284 2734.2620
11955 1.1955 1.3428 0.1241 22.3342 295 295.00 263,98 2287.1284 2734.2620
1.1955 11968 1.3428 0.1241 22,3342 295 295.00 263.98 2287.1284 2734.2620
1.1955 1.1955 1,346 0.1244 22,3966, 295 295.00! 263.19 2316.0689 2768.8604
1.1955 1,1955 1.3372 0.1236 29.6546 295 295.00/ 265.16 2243.2055 2681.7622
1,1956 1.1955 1.3523) 0.1000 22,4914 295 295.00] 261.99 2359.3602 2820,6032
1.1968 1,1955 1.3746) 01016 22.8627 295 295,00 257.29 2521.7261 3014.7234|
1.19551 11955 1.3748 0.1018 30.8310 295 295,00/ 256.84 2636.7276/ 3032.6678
11955 1.1955 13744, 0.1270 30.4836 295 29500 257.29 2521.726) 3014.7236
1.1955 11956 1.3725| 0.1268 30.4373 295 295,00 257.73 2506.9712 2997.0841
1,1955 1.1955 1.3562 0.1114 22.5562 295 295.00 26137 2388.4747 2855.4215|
1.1955 1.1966 1.3504 0.1109 22.4606 295 295.00 262.38 2345.3714 2803.8915|
1.1955 1.1955 1.3372 0.1098 22,2410 295 295.00 265,16 2243.2055 2681.7522
1.1985 1.1955 1.3245 0.1053 20.2173 295 295,00, 267.84 2140.1023 25658,4923
1.1955 1.1955 1.3299| 0.1057 20,3000} 295 295.00 266.7 2184.6544 2611.6348
1.1955 1.1955 1.3334| 0.0986 17.7441 295 295.00 265.93 2214.0742 2646.9257
1.1956 1.1955| 1.3391 0.0761 17.8174 295 295.00 264.77 2267.8169 2699.2201
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FILES.

14/02/96 0:57 22.00 22,00
15/02/96 0:57 22,00 22.00
16/02/96 0:57 22,00 2200
17/02/96 0:57 22,00, 2200
18/02/96 0:57 22.00 2200
19/02/96 0:57 22.00 22.00
20/02/96 0:57 22,00, 2200
21/02/96 0,57 22.00, 22,00,
22/02/96 0:57 22,00 22.00
23/02/96 0:57 22.00 2200
24/02/96 0:57 22.00 22.00
25/02/96 0:57 22.00 22.00
26/02/96 0:57 22.00 22,00
27/02/96 0:57 22.00 22,00/
28/02/96 0:57 22,00 22.00
29/02/96 0:57 22.00 22.00,
01/03/96 0:57 22,00 22.00
02/03/96 0:57 22,00 22,00
03/03/96 0:67 22,00 22,00
04/03/96 0:57 22.00 2200
05/03/96 0:57 22,00 22.00
06/03/96 0:57 22,00 22.00
07/03/96 0:57 22,00 22.00
08/03/96 0:57 22.00 22.00
09/03/96 0:57 22.00 22,00
10/03/96 0:57 22.00 2200
11/03/96 0:57 22.00 22,00
12/03/96 0:57 22.00 22.00
13/00/96067] 2200 2200
14/03/96 0:57 22.00| 22.00
16/03/96 0:57 22.00 22,00
16/03/96 0:57 22.00 22.00f
17/03/96 0:57 22.00 22.00
18/03/96 0:57 22,00 22.00
19/03/96 0:57 22,00 22100
20/03/96 0:57 22.00 22.00]
21/03/96 0:57 22.00 22,00
22/03{96 057 22.00 22,00
23/03/96 0:57 22,00 22,00
24/03/96 0:57 22.00 22.00
25/03/96 0:57 22.00 22.00
26/03/96 0:57 22.00 22,00
27/03/96 0:57 22.00 22.00
28/03/96 0:57 22.00 22.00
29/03/96 0:57 22.00 2200
o

11965 11955 13317 0.0656 17.71195 205 29500] 266,32 21991721 2629.1103
11955 11955 1.3372 0.0659 222410 2051 29500] 2658 2243.2055 2681.7522
11955 11955 13536 0.0493 17.7441 298]  29500] 26593 22140742 26489257
11988 11955 1.3209 0.0529) 17.6956 298] 29500 2667 2184.5544 2611.6348
11955 11955 1.3225 0.0527 17.6234 295|  29500]  267.84 2140.1023 2660.4923
11955 11958l 1.3281 0.0654 17.6714 295|  29500]  267.08 2149.8382 2694.0416
11955 11965, 1.3209) 00529 17.5760 298|  29500f  268.59 2110.3469 25229197
11955 11958 13245 0.0530 17.6234 295]  29800] 2674 21401023 2666.4923
11955 11955, 13192 0.0528 21.9408 295] 205000  2609% 20965119 2606.1845)
11985 11955, 1.3245 00530 22,0093 295|  29500]  267.84 21401023 2660.4923
11985, 11958 1.3245 0.0605 223140 295  29500]  267.84 2140.1023 2666,4923
11955 11955 1.3281 0.0607 223748 295] 29500  267.08 21698362 26940416
11955 11966 1.3139 0.0607 21,8531 298]  29s00] 27007 2050.3632 2451.2091
1.1955 11955 1.3039 0.0602 17.3497 29| 2900 27217 1962.1066 23456985
11965 11955 12982 0.0648 26.7688 205|  29500]  273.38 1909.4025 22826907
11958 11955 12850 0.0636) 17,0976 298|  29500] 27618 1762.4202 21308934
1.1955 1.1965 1.2723 0.0588 14.1068 295 295.00 278.84 1450.7843 1973.6126
11985 11955, 12177 0.0811 12,1669 205| 29500 277 17080150 2041.9367
11958 11956 12813 £.0812 14.2074 295|  29500] 27693 17456160 2066,8840
11985 11966 1.2868 0.0634 14.2685 2950 29800f 27577 1800.7743 2152.8257
11955 11955 1.2795 0.0591 14,1869 295  29500] 27732 17266757 2064,2408
11965, 11955 1.2850 0.0673] 14.2480 295] 29800 27614 1782.4202 2130.8834
11965 11958, 12813 0.0592 12,1778 295)  29500f 27693 17456160 20048840
11955 11965 12777 0.0566 12.1430 295 29500 2727 1708.0190 2041.9367
11955 11955, 12723 0.0509 12.3129 205| 29500]  278.84 1660.7843 1973.5126
11956 11955 1.2652 0.0506) 12.2404 298] 29500 28033 1572.8406, 1860.3309)
11955 11955 12600 0.0546 119748 295| 29800 28143 1512.7236 1808.0610
11955 11955 12562 0.0581 11,9579 295| 29500 2818 1491.9581 1783.6359)
11985, 11955 1.2662 0.0581 13.9509 295] 29600 218 1491.9581 17636359
11955 11955 12582 00618 13.9509 295 29500 261.8 1491.9581 1783.6369
1.1958 1.1955 1.2514 6.0542 15.8347 295 295.00 283.24 1408.2291 1683.537¢
11956 11955 12600 0.0546) 15.9435 295] 29500} 28143 1512.7236 1808.4610
11955 11955, 12723 0.0561 172289 95|  29500| 27384 16507843 1973.5126
1.1985 1.1955 1.2741 0.0710 17.2534 295 296.00 278,46 1670.0805 1996.5812
11955 11955 1.2982 0.0723 17.5802 295 295.001 273.38 1909.4026 22826907
11955 11955 1.2650 00714, 18.4101 298] 20500} 2766 1782.4202 21306834
11986, 11955 1.2832 0.0694 18.3842 295]  29500] 27664 1764.3531 2109.2841
11955 11955 12177 0.0691 18.3052 295 29500 2727 1708.0190 2041.9367
11955 11955 12687 0.0686 18.1766 295|  29500] 27959 1612.0220] 1927.1723
11955 11955 1.2669 0.0685] 18.1514 298]  29500] 27996 1592.5518 1903.8957
1.1955 1.1955 1.2565 0.0868 19.184) 295 295.00 282.156 1471.4725 1750.1454
11986 11955 12723 0.0879) 19.4249 298] 29500  278.84 1650.7843 1973.5126
11955, 11955 1.2687 0.0877 19.3705 298] 29500]  279.59 1612.0220 19271723
11955 11955 12669 0.0875) 19.3436 295] 20500 2799 1592.8518 19038957
1.1955 1.1955 1.2548 0.0867 19.1580 295 295.00 282.52 1450.6978 1734.3092
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30/03/96 0:57

FILES.

31/03/96 0:57

01/04/96 0:57

02/04/96 0:57

03/04/96 0:57

04/04/96 0:57

05/04/96 0:57

06/04/96 0:67

07/04/96 0:57

08/04/96 0:67

09/04/96 0:57

10/04/96 0:57

11/04/96 0:57

12/04/96 0:57

13/04/96 057

14/04/96 0:57

15/04/96 0:57

16/04/96 0057

17/04/96 0:57

18/04/96 0:87

19/04/96 0:57

20/04/96 O.57

1.1955J 1,955 1.2496 0.0863 19.6148 283.6 1385.8988 1656.8420
1 .I965l 1.1985 12496 0.0863 19,6168 283.6) 1386.8988) 1656.8420
1.1 956' 1.1985 1.2514 0.0865/ 19.6443 283.24 1408.2291 1683.5379
1.1985 1.1955 1.2537 0.0866) 19.6816) 282.74 1437.8643 1718.9548
1,1955, 1.1955) 1,2571 0.0869 19.7346) 282,03 1478.9028 1768.0283
1.1956[ 1.19661 1.2682 0.0785/ 17.9092 281.8 1491.9581 1783.6359
1.1955| 1.1 955i 1.2600 00786/ 17.9342 281.43 1512.7238 1808.4610)
1.1955) 1.1 955' 1.2600 0.0784| 17.9342 281.43| 1512.7234| 1806.45610
1.1965) 1.1958 1.2609 0.0787 17.9471 281.24 1823.2769 1821.0776
1.1965' 1.1955 1.2582 0.0786 17.5637 281.81 1491.3928 1782.9601
1,1 966| 11958 1.2565 0.0784 17.8305) 28216 1471.4728) 17560.1454
1 .\95d 1.1955 1.2588 0.0785) .17.5624 296] 281.68 1498.7243l 1791,7250
1.1965] 1.1955' 1.2531 0.0666 17,4828 295' 282.88) 1429.6211 1709.1121
1.1965' 1.19561 1.2531 0.0655/ 17.4828 295' 282.88 1429.6211 1709.1121
l.l955l 1.195»5’— 1.2479 0.0653 15.5032 295 283.96 13464.4392 14311871
1.1955, l.l955l 1.2548 0.0666 15.5881 295 282,52 1450.6978 1734.3092
1.1958 1,1955 1.2505 0.0654 15,6344 295 283.43 1396.8068 1669.8825
1,1955 11956 1.2479' 0.0653 15,5032 295 283.96| 1364.4392 1631.1871
1.1955 1,1955 1.2378 0.0647 14.3142 295 286,09 1226.7686) 1465.4064
1,195 1.1955 1.2361 0.0597 14.2944 298 286.45 1200.7 503 1435.4970
1.1965 1.1958 1.2327 0.0595 14.2584 295 287.16! 1149.8142 1374.6029
1.1965] 1.19551 1.2294 0.0594 18.4433 295) 287.87 1096.5146) 1310.8832
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'Matern:l.ty Hospital b o4

'_( Theoretical Calculations

Heatllosses |Heotlosses  IHeollosses  |Heat losses Heat frofate % Conventional  Money

from one from one from ane from one losses losses losses 3% R sovi fuel savings

non weathe- [non nan broken from 85 from 320 from 22 3 e saved in the period

rized wedatherked |weafherked |window non weatherize{non broken 3 e o3 i inthe perion  of monitofing

window single pane  |double pane by inlet air  Jsingle pane weatherked  |windows NS g 13 ; i of monitoring

by window window windows double pane

infitration by franstere | by franstere windows

pet day pel day per day per day per day perday pet day pet day J ; : per day perday

aint.nw_ latnwl  |onnwz  |ab.nw Qnwl Qnw2 Qb Qw2 SRean 8 E

kcal day keal day kealday kcal day kcal day keal day kcal day I keal day 4 2 kg/day $/day
11/01/96 0:57 3220.00 9049.64 §027.58 532651.37 1042919.59 2639225,05 11718330.23 15400474.87 26.25) 4022.06 1728202.81 13472272.06 2790.26 $292.98
12/01/96 &:67 3960.66 9052.401 5029.11 532894.54 1106109.96| 2876726.50 11723679.84 1570651630 25.26, 4023.29] 1728729.12 13977787.18 2852.61 $299.52
13/01/96 0.57 3390.63 9049.64 5027.58 532651.37 1057423.27 269382713 11718330.23 1546958043 25.25] 4022.06| 1728202.81 13741377.82 2804.36 $294.48
14/01/96 0:57 3132.08 9539.86) 5299.92 874612.25 1077114.73 2698240.63 12683249.45 16458624.80 26.78 4239.94 1821889.28 145346736.53 2987.09 §313.64
15/01/96 0.57 351485 0683.06) 5379.48 589542.36, 11219467.20) 2846729.64 12969931.83 16938428.67 27.24 4303.58 1849269.73 15089368.93 3079.46 $323.34
16/01/96 0:57 3436.01 9658.28 5365.71 587280.20 1113014.57 2816560.74 12920164.49| 16849729.79 26.28! 4292.57 1844134.79 16005595.00 3062.37 $321.88
17/01/96 0:57 4777.82 9908.89 5504.94 £10286.06 1248370.40 3290482.73 13426293.37 179656146.50 21.02 4403.95 1892023.08 14073123.42 3280.23 $344.42
18/01 1'96 0:57 4594.30 95678.41 5321.34 580010.80| 1204680.23 3173003.72 1276023758 17137921.53 2601 4257.07 1828874.07 156309047 .46 3124.30 $328.05
19/01/96 0:57 3873.84 9550.87 5306.04 57751111 1141100.82 2937562.72 12705244,501 16783908.04 2592 424483 1823611.80 14960296.24 3053.12 $320.58
20/01/96 0:57 3861.95 9181.84 5101.02; 544364.89| 1108721.97 2848151.01 11976027.57 15952900.58 24.80] 4080.82 1753099.50 14199801.05 2897.92 $304.,28
21/01/96 0:57 4034.86 2316.78 5176.99 §56409.72 1134889.18 2947470.51 12241013.88 16323373.57 24.72 4140.79 1778673.50 14544700.08 2968.31 $311.67
22/01/96 0:57 4147.21 9648.12 5304.51 §77261.34 1164102.58 3024549.28 12699749.55/ 16888401.41 2541 4243.61 1822869.84 15065531.56| 3074.60 $322.83
23/01/96 0:57 4282.63 9203.87 5113.26 546325.39| 1146352.59 3006685.78 12019168.49| 16172196.86 24,39 4090.61 1757102.03 14415094.83 2941.86 $308.99
24/01/96 0:57 4168.39 8983.55 4990.86 526826,54 111791448 2930959.05, 11500183.95! 15639067.48 23.73 3992.69 1715012.42 13924045.06| 2841.64 $298.37
25/01/96 0:57 301020 8542.91 4746.06 488544.81 982014.24 2482003.41 10747985.80, 14212003.45/ 2237 3796.85 1630720.61 12581282.84 2567.61 $269.60
26/01/94 O:67 3328.88 8870.63 4928.13 5169256.31 1036958.48 2642242.41 1137235691 15051557.80 23.12 3942.60] 1693320.25 13358237.54 272617 $206.28
27/01/96 0:67 3237.05 8650.31 4805.73 497787.08 1010425.99 12573689.77 10951315,69! 14535431.45 22.48 3844.58 165123412 12884195.33 2629.43 $276.09
28/01/96 0:57 3192.45 854291 4746,06 488544.81 997505.76 2540324.43 10747985.80 142858156.99 2.7 3796.85 1630720.61 12655095.38 2582.47 $271.18
29/01/96 057 3990.57 8542.91 4746.06 488544.81 1065345.40 27956720.74 10747985.80 14609051.94 22.17 379685 1630720.61 12978331.33 2648.64 $278.1%
30/01/96 0:57 3990.57 854291 4746.06 488544.81 1065345.40! 2795720.74 10747985.80] 14609051.94 2217 3796.85 1630720.61 12978331.33 2648.64 $278.11
31/01/96 .57 4103.83 8760.47 3866.93 507324.11 1093449.03 2870579.92, 11161174.48 15125203.43 22.80)] 3893.54 1672278.02 13452925.4] 2745.4% $288.28
01/02/96 0:57 596,99 8217.94 4565.62 A460935.27 1131748.80 3092003.55 10140575,95! 14364348.30 2124 3652.42 1568650.03 12795698.27 2611.37 $274.1¢9
02/02/96 0:57 4276.46 9090.95 5050.53 636302.72 1136230.45 2984637.79 11798659.84 15919528.08 19.01 4040.42 1733376.82 14186151.26 2895.13 $303.99
03/02/96 O.57 4966.00 10386.33 5769.63 654826.90 1304843.61 3435402.42 14406191.80)| 19146457.83 22.07 4615.70 1980329.98 17164127.85 3503.29 $367.85
04/02/96 0:57 6710.77 10509.26 5838.48 &666583.04 1463702.82 4015769.74 14664826.96 20144289.52 2237 4670.78 2003976.43 18140313.10 370210 $388.72
05/02/96 .57 6621.34 10385.33 5769.63 $54824.90] 1445567.02 3965109.37 14406191.80 19815868.18 27.59) 46156.70 1982686.07 1783418211 3639.63 $382.16
056/02/96 0:57 6534.13 10264.16 5702.31 643399.62 1427854.42 3915660.68 14154791.71 19498306.72 27.23 456).85 1959534.40 17538772.31 3579.34 $375.83
07/02/96 0:57 439532 9316.78 5175.99 5566409.72 1165528.50 3062818.54 12241013,88 16469360.92 21.71 4140.79 1777384.34 14491974.58 2998.36 $314.83
08/02/96 0:57 422015 8983.55, 4990.86, £526826.54 1122314.27 2947522.98 11590183.95, 16660021.2} 20.84 3992.69| 171377656 13946244.65 2846.17 $298.86
09/02/96 0:57 3822.74 8217.94 4565.52 460935.27 1023457.74 2684244.26| 10140575.95| 13848277.95 18.88 3652.42 1567642.43 12280635.52 2506.25| $263.16
10/02/96 0:57 3162.83 7479.86 4155.48 400254.63 904628.99 2341859.20 8805601.80: 1205208%.99 16.47 3324.38 1426545.97 10625544.02 2168.48 §227.69
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FILEG.

11/02/96 0:87] 330906 7793.62 432990]  a257m1737]  ousraass|  naasdessr| 936578208 1275399338 1723 sassem 1486453.05] _ 11267540.34 2299.50 5241.45
12/02/96 0:57 297113 8005.88 4447.71 443209.70; 933045.80 2374029.25 9750613.49; 13057688.56 16.51 3558.17 152638592 11831302.64 2353.33 $247.10
13/02/96 0:57 3102.46) 8326.34 4525.19 470001.16 97136285 2472846.81 10340025.61 13784235.28 13.26 3700156 1585626.22 12198609.06 2489.51 $261.40
Vo296 087 292720 7898.47 a3seoa| 43432060  op0is20s|  234087654] 955505031 1281611190 rosa]  3si0a 150358378] 1131260813 2308.68 24241
1502196 0:57) _ 3e2274 §217.94 asess2|  aso93527]  10psasnia|  oesazaans]  1014087595]  13848277.95 133 ses2a2 1564418.11) 1220988084 260691 526323
16/02/96 087 297113 800568 asa1.| 44320970 9a30a580]  2o74v0926]  975081349)  13057688.56 82s|  aseas 1822061.83] 113480073 2354.05 $247.17
17/02/96 057 288450 779362 aszosol  asm1737]  oonesragl  oscesorss|  sacsrpos|  12sspowrzn 863 346392 1482778.07] _ 1109269.18 226516 $237.04
18/02/96 087 2757.03 7479.86 a1ssa8| 40025463 e7onssza]  221200404]  ssossoreo|  1iesrrazis 826 332438 1a2sossso]  ouarcere 2135.65 522424
19/ 087 284191 768917 anasl  annes|  eesaar|  oovesracs|  evmmazs| 12340016 1083  sauna 1063727.80] 1088884398 222184 $233.26
2002196 0:57| 267369 727331 404073| 38370058  eastoszs]  puassran]  saaxmasal 1143750021 sos|  aamee 1383748.93] 1008978328 2051.79 §216.44
2102196 0:57) 275703 7479.86 a1ssas]  aomsaes]  er013624]  221200414]  ssoseorso]  nissrrazis 830 332438 142308463] 1044468788 2135.65 522424
22/02/96087] 329090 717182 agsa12] 37575363 ssver2s| 230800787  moecsrosel 1148388494 192] 318130 136a36832] 101952862 206621 s21685
2302196 0:57) 344629 747986 a1ssas|  aoo2sass|  omerannel  243256677]  8s0ss01so| 1216689176 sso| 332438 1423054.63| _ 10743837.14 219262 $23023
20102196 0:57| 349084 7479.86 415548| 40025463 932509.92] 244482272 880560180 1218493444 947 33438 1a2ssssa] 1074137908 2196.20 §230.60
26/02/95 0:87] 359830 76897 420176 an7ieel  ospassos|  osisaose]  surmmras]  12esseazes o76| s 1assaonia] 192268 228413 $239.83
2610296057 3138.03 686572 3s1a29|  asiomsyo|  ssosieor|  ozoarangs|  prasesrse|  ieeisracan sr2l 308143 1306683.52) _ o512065.89) 194124 $203.83
27700196 57|  2081.80 «287.38 349299] 30846123 7oe386.34)  tsazessiol 676614697 ga¢a340.50] 192 219439 1oesesos|  sisreadr 1646.48 $17498
280296 0:87] 38510 598415 3307.86] 28426622 s1083811]  2005747.32] 428388674 927044016, 8004|2612 e 1660.42 51747
29/02/96 0:7] ___ 1856.40 5188.54 280252] 23124008  seersasi]  1sie1sase]  soerenyz 720215020 60| 2308 ger61621|  e21as399 126827 $133.17
ovcs9ssr| 181309 4450.46 2a72.48  18369111|  asovors9|  12113s089]  somraser §742632.24 5411 197798 sasoss 37| asosesess 59912 $1049)
02/03/96 0:57 1411.70] 4764.42 2646.90| 203474.91 524970.14 12987561.78 4476448.05] 6300169.97 6.09] 2117.62 906779.67 5393350291 1100.69 $115.57
03/03/96 67|t 147878 4976.48 276a71| 21720056 saseoass|  13s79ve22| 477861039, 868521326 637 2unm oaniaroo]  s7380628 117108 $12296
04/03/96 067 ___1580.45 5095.94 29a219] 23848731  seassazo]  1aar2aass]  saasoeos 727779837 102| 238318 1008051.44]  sasor4892 1279.54 513435
05/03/96 G:57 1444.75] 4869.07 2705.04 210215.68 536674.52! 1327931.48! A44624744.93 6489350.93 4.02 216403 92661211 5562738.82 1135.25 $119.20
06/03/96 0:57 1646.17 5188.54 2882.52 231240.05] 572449.74 1417179.78 5087281.17 7076910.69 7.30 2306.02 987784.51 08912418 1242.68 $130.48
07/03/96 0:57 1267.50] 4976.48 2764.71 217209.56 530738.36, 1290308.08 4778610.39, b6599656,82 6.16 22177 94705688 565260094 1163.59 $121.13
08/03/96 0:57|  1210.03 76442 260690 20347491|  soressocs| 123421695  aa7sssscs £218493.08 58 s sossaaoa] 5013 1084,07 §113.83
09/03/96 687 114611 485046 2a7248)  183697.71| 41570857 11s794798]  doA1349.67 567500622 474 1omem sass2os|  anzmanay 985.38 s108.47
10/03/96 0:57 1034.65 4040.12 2244.51 158886.46 431354.86| 1049329.62 34955802.08 4976186.561 4.28 1795.61 768550.59 420763597 858.70] $§90.16
11/03/96 0:57 935.98 3737.18 2076.21 141356.10] 397218.08. 963899.48 3109812.22 4470929.78 427 1660.97 711054.71 3759875.07 761.32 $80.57
12103196 0:67 909.19 363528 201960 13s613.000  see27967]  ewznar|  pomsavasa 4306985.78 a2l 161868 69176265)  3615208.23 737,80 §71.47
13/03/96 0:57 1060.72 343528 2019.60] 135613.40] 3991569.70 985701.27 2983494.84 4348355.81 4.42 1615.48 £91782.55) 3676573.26 760.32! $76.78
aoy9s 087 106072 363528 201960 135613.40]  39915070]  9e670127] 29834944 436635581 ar0] 161568 e 750,30 §78.78
15/03/96 0:57 1072.61 3238.70 1799.28 114038.81 366461.28 919003.27 2508853.93 3794318.48 3.67 1439.42 616201.71 317811677 648,60 $68.10
16/03/96 C:57 1246.20] 3737.18 2076.21 141358,10 423586.72, 1063149.65, 3109812.22 45946568.58 427 1660.97 711054.71 3886513.87 792,96 $83.24
1770396 057] _ 1603.70 485006 2472.08] 18369771 81460375 130437688]  4041349.67 586033030 513 197798 sasre936]  sonasdass 1023.17 $107.43
18/03/96 087 1643.74 485512 253062 1021509]  soeonps2|  1ssszoase]  misarsace 404742684 676 a0oas0) 86734670)  5180082.14 1087.16 §111.00
19/03/96 057 218928 §954.15 3786 28a2e622]  9m19121]  1759084.16]  epsassers 8705132.11 00| 268629 nassioce)  rsnanos 1545.17 $16224
20103/96 057 199783 5188.54 200252]  2312a008]  er0ma108]  1861711.79]  soe72s117 7269834.02 1171 230602 e 127997 $134.40
210396 057] 198478 5083.88 202438| 20427933 som2sere| 160933239  avaaiaszs 706176450 7.08] 25050 osr06008]  conasoase 1243.63 513088
210396057 182408 476442 260690 20347491|  seoop2.63|  143071408]  a476448.06 646718476 689 211782 sonzz17]  sssooeso naan $119.14
23/03/95067| 161339 424391 206773) 17105890 497870.66]  v2707s7.34] 376309577 553192366 609) 188418 sosoor.o8]  a123921.89 98401 s101.28
240396057 \572.47 12202 230102] 16493524 485731.08]  1239647.94) 362867637 536385439 594] 184090 e 931.68 $97.83
25/03/96 0:57) 141882 353614 196452]  13010358] 4217165 108267026] 286227877 436612067 sa2|  1sne e e 753,63 §719.12
26/03/96 0:57 1808.10] 4450.46 2472.48 183697.71 531977.73 1369784.82 4041349.67 §943112.23 8.18 1977.98 848093.35 5095018.88 1039.80| $109.18
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FILE®.

27/03/96 0:57 1719.35 424391 2357.73] _ 171058.90 506877800  130486695| 376329577 557484051 778 1886.18 808723.26| 476611726 972.68 $102.13
28/03/96 0:57 167675 414200 230112 16493524 asaso988]  1z7zsvrea|  aszesrear 5395682,77 7.69 1840.90 789301.01 060538177 940.08 598.71
29/03/96 0:57 137717 343699 1909.44]  124670.47 40920387 1051714.48] 274276030 4203668,32 623 1627.65 654926.11 382874221 72423 $76.04
30/03/96 0:57 12649 313681 174267]  108699.48 376022.23]  969489.60]  2391387.64 3736899.47 5.66 1394.14 1801 313918447 40.65] $67.27
31/03/96 0:87 128698 313661 172267] 10869924 376022.23) 269409.60]  2391387.64 3736899.47 5.66 1394.14 89771501 3139184.47 640,68 $67.97
01/04/96 0:57 1330.66 3238.70 179928] 11403881 3ee39608] 100156108 250085303 3598831.12 886 143942 61713807 328169605 569.73 $70.32
02/04/96 0:67 1389.87 3376.40) 1e7578] 12138806 s0513327|  oas0o7.01] 267084622 n120687.40] 612 1600.62 543378.76 347730864 709.65 $74.61
03/04/96 067 147431 3571.94 198441]  132084.48 a2s931.50] 110679198 290585780 4441581.28 649 1587.53 £80645.48 3760935.80 767,84 $80.60
04/04/96 0:57 136167 363528 201960 135613.40 224741071 1082007.89] 298349484 445024350 897 161668 69244429 379779920 775.06 $81.38
05/04/96 0:67 140180 3737.18 2076 14138610 43601289  112962.30] 3101222 466956741 18| 1660.97 711867.38 3947730.04 805.66) $84.59
06/04/96 0:57 1401.80 73118 207621 14138610 asei2e9l 1296230 310981222 465956741 518 166097 711857.38 394773004 805.86, 584,69
07/04/96 0:67 1422.04 3789.50 210828] 14433424 a23016.48]  1128871.23) 317535324 474723992 624 168422 721826.34 4025413.59 821.51 $86.26
08/04/96 0:57 133364 363253 201807 136459.32 az2123.70]  1072545.88] 208010514 2474774,49, 5.96 1614.46 £91919.62 376285487 77201 $81.06
09/04/96 0:57 129653 353614 196452 130103.58 aor7e72]  oassacaz|  2ee2278.77 431659191 5.80 1671.62 673556,08 3643035.83 743.08 578.07
10/04/96 0:57 1347.44 3668.33 2037.96] 13746687 42630031 10833zea2] 302427118 4533939.62 603 163037 9874041 383819921 782.69 $82.18
11/04/96 0:57 122050 3337.85 188496 11931516 387459.37 98398441 262493361 399634739 458 1483.49 s3sapo5) 336094444 58591 $72.00
12/04/96 0:57 1220.50 3337.85 185436 11931616 387459.37 983954.41]  2624933.61 3996347,39 458 1483.49 3sace.9s]  3360944.44 685,91 $72.02
13/02/96 G:67 985.85 304042 1689.12]  108727.84 342232.78 856991.06]  2282012.42 348023626 415 1351.30 s7877560]  2901460.64) 52.13 56217
14/04/96 0:67 112085 343699 1909.44] 12467047 38739105, 96959672 274275030 4099738.07 472 1521.68 654279.06 344545902 70315 $73.83
15/04/96 0:57 103626 318638 o] inzsean 356839.60 go7751.80] 244820887 3704890.27 436 141617 805864.77 3098326.50 83231 $66.39
16/04/96 0:57 985.85 304042 160912]  103727.84 34223278 gss991.06]  2282012.42) 3480236.26 418 1351.30 578776.40) 260126066 57213 $62.17
17/04/96 0:57 734, 246381 136323 75207.00 271017.45 67131411 1654564, 2696085,57 3.32 1090.58 467096.06, 212976750 434,66 $45.64
18/04/96 0:57 703,97 235467 1308.08]  7095.36) 269984.47 sa3078.67] 155529783 2459160.98 294 104682 asn98s]  20m041a2 41022 $43.09
19/04/96 0:57 643,75 2159.14 119952| 207487 236245.42 50984682]  1346647.10) 2193739.34 269 959.62) a1090418] 178283819 363.84 $38.20
20/04/96 0:57 63424 1963.60 109089]  53836.40 22081643 562041.09]  1184400.79 195725831 2.4 . 373689.31 1583669.00

= e o T 17457861 $18.33075
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Heat iosses from broken window
kecal / day

700666:00

600006:00—

16/01/26 23/01/26 30/01/96 06/02/96 13/02/96 20/02/96 27/02/96 05/03/96 12/03/96 19/03/96 26/03/96 02/04/86 09/04/98 16/04/96
0:57 057 0:57 @57 0:57 0:57 0:57 0:57 0:57 057 0:57 0:57 0:57 0:57

Heat Losses From non Weatherized Window
kcal / day

== infiltration
heat fransfer -single pane |—
emmmheat transfer -double pane

16/01/96 23/01/96 20/01/26 06/02/96 13/02/96 20/02/96 27/02/96 05/03/96 12/03/96 19/03/96 26/03/96 02/04/96 09/04/96 16/04/96
0:57 0:57 0:57 0:57 0:57 0:57 0:57 057 0:57 0:57 0.57 0:57 0:57 0:57

Building Heat Losses From Windows
kecal / day
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20000000.00

15000000.00
10000000.00

5000000.00

0.00 -
12/01/96 22/01/96 01/02/96 11/02/96 21/02/96 02/03/96 12/03/96 22/03/96 01/04/96 11/04/96
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Energy Saved for the period of monitoring:

Money Savings:

Payback Period:
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Address:

Tamantsineri Str. # 1

Phone:

42-11-83

Chief Administrator:

Ruben Khachatryan

Deputy Chief Administrator

Ekaterina Alaverdyan

Head of Maintenance:

Armen Akopyan

Building Operational Capacity: 350
Date of Construction: 1963
Total Number of Rooms: 190

Doctors: 60

Patient rooms:

Operating Rooms:

Nurses/Laborants/etc.: 390
Administrative: 30
Maintenance: 120

Laboratory Rooms:

Critical Care Room:

Laundry:

Kitchen:

Storage Rooms:

Offices:

Different:




Armenia Weatherization Project

Monitoring Data Collected

& 5115 1%, H & %!

IS Temperature inside the building 93-'94 +12C +11C +11C +10C 11C
Temperature inside the building ‘94-'95 +12C +12C +12C +12C +13C
Temperature inside the building ‘95-'96 +12C +12C +12C +18C +22C
Temperature outside the building ‘93-'4 +3C -15C -15C -13C -4C

334 Temperature outside the building ‘94-'95 +3C -10C -10C -8C +2C
Temperature outside the buiiding ‘95-'96 +6C +2C 0C +3C +7C

3§ Power consumption ‘93-'94 28580 38800 56340 39780 31620
e kwh kw/h kw/h kw/h fwh
S Power used for heating no data no data no data no data no data
X Power used for ligting no data no data no data no data no data
Power used for kitchen and laundry no data no data no data no data no data
Power used for other purposes no data no data no data no data no data

Power consumption ‘94-'95

26880

61300

61320

71460

64440

kw/h kw/h kw/h kwth kw/h
Power used for heating no data no data no data no data no data
Power used for ligting no data no data no data no data no data
RNESEH Power used for kitchen and laundry no data no data no data no data no data
{ Power used for other purposes no data no data no data no data no data

Power consumption ‘95-'96 54100 55720 61240 57100
kw/h kw/h kw/h kwh kwh
Power used for heating no data no data no data no data no data
523 Power used for ligting no data no data no data no data no data
Power used for kitchen and laundry no data no data no data no data no data
Power used for other purposes no data no data no data no data no data

Fuel consumption ‘9;-‘94

gas none none none none none
wood none 4 cub.m 4 cub.m 5 cub.m none
kerosene none none none none none

mazut

Fuel consumption ‘94-'95

gas none none none none none

wood none 5 cub.m 5 cub.m 7 cub.m none

kefosene none none none none none
mazut

Fuel consumption ‘95-'96

gas none none none none none
wood none none none none none
kerasene none none none none none
mazut none none none none none
Hours heat supplied per day  ‘94-'95 none none none none none
Hours heat supplied per day  ‘95-'96 no data no data no data no data no data
Temperature of heat carrier ( supply ) '94-'95 none none none none none
Temperature of heat carrier (return) ‘94-'95 none none none none none
Temperature of heat carrier ( supply ) ‘95-'96 50C 50C 50 C 50C 50C
Temperature of heat carrier (return) ‘95-'96 45C 45C 45C 45C 45C
Power consumption limit ‘94-'95 70000 70000 70000 70000 70000
kwh kw/h kw/h kw/h kw/h
Power consumption limit ‘95-'96 70000 70000 70000 70000 70000
kw/h kw/h kw/h kw/h kwh
Used power comparing to limit__‘94-'85 38.4% 87.6% 87.6% 102.1% 92.1%
Used power comparing to limit__‘95-'96 36.0% 77.3% 796% 87.5% B81.6%




Armenla Weatherization Project
Monitoring Data Collected

TE SRR SN
Thickness of outside walls 600 mm 600 mm 600 mm 600 mm 300 mm
X Y Surface of glazing 374 sq.m 360 sq.m 85 sq.m 85 sq. m none
SSEM Surface of building envelope 1470 sq.m | 1470sq.m | 390sq.m | 390 sq.m 1690 sq.m
X Surface of windows covered w/ Astro-Foil none none none none none
Surface of walls insulated none none none none none
2 Thickness of insullation none none none none none
Y Surface of glazing missing 50 sq.m 50 sq.m 20 sg.m 20 sq.m none
38 Orientation N-E S-W S-E N-W
2 Number of windows 108 121 32 32
J Average size of windows 3.45 sq.m 2.96 sq.m 2.66 sq.m 2.66 sq.m
y Average perimeter of window 7.5m 7m 8.7m 6.7m
N Average size of gap between window sash and frame 5 mm 5 mm 5 mm 5 mm
Y Average size of gap between window frame and building 4 mm 4 mm 4 mm 4 mm
R { _Number of exterior doors 2 5 2
% Average size of doors 1.8 sq.m 1.8 sq.m 1.8 sq.m
Y35 Average perimeter of doors 6.2 m 6.2m 6.2 m
Average size of gap between door sash and frame 4mm 4 mm 4 mm
Y Average size of gap between door frame and building 4 mm 5 mm 3mm
19 | Building material toufa
20 | Number of existing glass panes 2
21 | Type of the roof metal w/attic
22 | Number of floors 4
23 | Total volume of the building 25,350 cub.m
24 | Average size of the gaps around windows 4
25 | Heating system District Heating
26 | Type of heating units Radiators (Wood Stoves)
27 | Number of heating units 293 (20)
28 | Efficiency of heating units 60% (20%)
29 | R- Value of wall material 0.9
30 | U- Value of wall material 1.1
31 ] R- Value of roof material 0.66
32 | U- Value of roof material 1.5
33 | Area of one floor 1690 sq.m
34 | Total floor area 6760 sq.m
35 _| Total surface of the building 5410 sq.m
36 | Total surface area of exterior doors 14.4sq.m
37 | Total surface area of glass 904 x2=1808 sq.m

Data Collected by : H. Chibukhchyan, G. Karapetyan, E. Zorikyan, V. Karapetyan
Data Provided by: Ekaterina Alaverdyan - Deputy Chief Administrator,
Armen Akopyan - Head of Maintenance
Date: Nov 1995 - Apr 1996

»
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- - @ ele ® [J - H L]
[ a
Date /[ Time = Ouisidl Alt Density | Alr Density a a Tom- Term- Outside Inlet Alr
algivie ip gl no perature | perature] Tempe From One One
9 - Ww weathetized | weatherized| Outside Air [{T=lsfias a vl non wea- [ weathe- rature Broken 2
elize o room room therized rized Window eathe
G 6O absolute | absolute| absolute | Non weather
. : Dw Do Thw | Tw To Vb s
R fiert] kg /cubm | kg /cubm | kg / cub.m [N M M m cub.m/hout
S ; 00] 2200]  -11.83 X . RS MRS ! . L AR N W y
08/Feb /96 00:57 2200 22001 __-10.62] 0.0050 0.2016 .1955 J955]  1.350445 0.01] 0.2722497 25 295 262.38] 2345.371414] 2803.89153
09/Feb /96 00:57 2200 2200 -7.84 0.0050 0.2016 .1955 1955 1.33724 0.01] 0.26958758 295 295 265.16] 2243.2054871 2681.76216)
10/Feb /96 00:57 2200 22.00 -5.16) 0.0046 0.1916 1955 19556 1.32451 0.011 0.25377612 295] 295 267.84] 2140.102291] 255849229
11/Feb /96 00:57] 2200 2200 6.3 0.0046 0.1926 1955 1955 1.329925 0.01{ 0.25614356 295 295, 266.7] 2184.554414] 2611.6348
2/Feb /96 00:57 2200 22,00 -7.07 0.0046! 0.1148 1955 19551 1.3335825 0.01] 0.156309527 295 295 265,93 2214.0741468| 2646.92567
3/Feb /96 00:57 2200 22.00 -8.23 0.0040 0.1440] 1,1955 .1955] 1.3390925 0.01] 0.19282932 295 295 264,77 2257.816917] 2699,22012
4/Feb/96 00:57 2200 22.00 -6.68 0.0040 0.1440 1955 1.19585 1.33173 0.01] 0.19176912 295 295 266.32] 2199.172128] 2629.11028
16/Feb /96 00:57 22,00 22.00 -7.84 0.0040 0.2440 1955 1955 1.33724 0.011 0.32628656 295 295 265.16] 2243.205487| 2681.75214)
6/Feb /96 00:57 2200 2200 -7.07 0.0038 0.1440 .1955 .1955]  1,3335825] 0.01] 0.19203588 295 295) 265,93] 2214.074168] 2646,92567
7/Feb/96 D0:57 2200 2200 6.3 0.0038 0.1440) 1955 19661  1.329925 0.0 0.1915092 95 295 266.7] 2184.554414] 2611.6348
8/Feb /96 00:57 2200 2200 5.1, 0.0038 0.1440] 1955 1955 1.32451 0.00f 0.19072944 25 295 267.84] 2140.102291] 2558.49229)
19/Feb /96 00:57 2200 2200 -5.92 0.0041 0.1440 1955 1955 1.32812 0.01} 0.19124928 95 295 267.08] 2169.838227| 2594.0414)
20/Feb /96 00:57 2200 22.00 -4.41 0.0040 0.1440 1.1956 1955] 1.3209475 0.01] 0.190214644 295 295 268.69| 2110.346895] 252291971
21/Feb /96 00:57 2200 2200 -5.16) 0.0040] 0.1440¢% ,1955 1956 1.32451 0.01] 0.19072944 295 295 267.84] 2140.102291] 2658.49229
22/Feb/96 00:57 2200 2200 -4,04 0.0040| 0.3280] 1955 ,1955 31919 0.01] 0.43269432 295 295 208.96] 2095.511937] 2505.18452
23/Feb /94 00:57 2200 2200 -5,16 0.0040 0.3280 1955 19585 32451 0.011 0.43443928 295 295 267.84] 2140.102291] 2558.49229
24/Feb /96 00:57 2200 2200 5.16 0.0041 0.3280 1955 1956 32451 0.01] 0.43443928 295 295 267.84] 2140.102291] 2558.49229
25/Feb (96 00:57] 2200 2200 -5.92) 6.0041 0.3280, 1.1955 1.1955, 1.32812 0.01] 0.43562336 295 295 267.08] 2149.838227] 2594.04164
26/Feb /96 00:57 2200 22.00 -293 0.0041 0.3280] 1.1965 1.1985| 1.3139175 0.01] 0.43096494 295 295 270.07] 2050.363152| 2451.20915
27/Feb /96 00:67 22,00 2200 -0.83 0.0041 0.1926] 1.1955 1.1955] 1,3039425 0.01] 0.25113933 295 295 272.17] 1962.106628] 2345.649847
28/Feb/9& 00:57 22,00 22.00 0.38 0.0042 0.4040} 1,1955 1.1955] 1.298195 0.01] 0.52447078 295 295 273.38] 1909.402531] 228269073
29/Feb /96 00:57 2200 22.00 3.16 0.0042 0.1926 1955 1.1965 1.28499 0.011 0.24748907 295 295 276,161 1782.420212] 2130.88336
01/Mat/96 00:57 2200 22.00 584 0.0041 0.1012 1955 1985 1.27226 0.01f 0.12875271 295 295 278.84] 1650.784291] 1973.61262
02/Mar /96 00:57 2200 2200 47 0.004) 0.1012 1955 1988]  1.277675) 0.01] 0.12930071 295 295 277.7] 1708.019013] 2041.93673
a3/Mar /96 00:57, 22,004 2200 393 -0.004 0.1012 1955 1955] 1,2813325 0.01] 0.129467085 295 295, 276.93] 1745.616046{ 2086.88398
04/Mar/96 00:57 2200 2200 277 0.004 0.1012 1.19586 1.1955] 1.2868425) 0.01] 0.1302284¢ 295 295 276.77] 1800.77433] 2152.82571
05/Mat /96 00:57! 2200 2200 4.32 0.004 0.1012 1.1955 1.1955 1.27948 0.01] 0.12948338| 295 295 277.32] 1726.675709] 2064.24081
0&6/Mar /96 00:57 22.00| 22,00 3.16 0.0050 0.1012 1965 1.1955 1.28499) 0.01§ 0.13004099 295 295 276.16] 1782.420212] 2130.88336
07/Mar/96 00:57 2200 2200/ 393 0.0041 0.0828 1955 1.1955] 1,2813325 0.01] 0.10609433 295 295 276.93| 1745.616044] 2086.88398
08/Mar/?6 00:57 2200 2200 4.7 0.0050 0.0828 1956 1.1955 1,277675 0.01] 0.10579149 295 295 277.7] 1708.019013| 2041.93673
09/Mat/96 00:57 2200 22.00 5.84 0.0051 0.0828 1955 1.1955) 1.27226 0.01] 0.10534313 295 295/ 278.84] 1650.7842911 1973.61262
10/Mar/96 00:57 2200 22.00 7.33 0.0054 0.0828 19565 19565]  1,2651825 0.01} 0.10475711 295, 295 280,331 1572.840582] 1880,33092
11/Mat/96 00:57 2200 22,00 843 0.0056) 0.0828 1955 1955] 1,2599575) 0.01} 0.10432448 295 295 281.43] 1512.723547] 1808.46102
12/Mar/96 00:57 2200 2200 8.8 0.0053 0.0828 1956 1955 1.2582 0.01] 0.10417896 295 295| 281.8] 1491.958059] 178363586
13/Mar/96 00:57 2200 2200 8.8 0,0051 0.1056 1.1955 1955 1.2582 0.01] 0.132865%92 295 295 281.8] 1491.958059] 1783.63586)
14/Mar /96 00:57 2200 22.00 8.8 0.0052 0.1066 1.19585 1.1955 1.2582 0.01] 0.13286592 295 295 281.8| 1491.958059] 1783,63586)
15/Mar/96 00:57 2200 22.00 10.24 0.0051 0,1086 1.1955 1.1985 1.25134 0.01] 0.1358977 295 295 283.24] 1408.229086] 1683.53787
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Date / Time Heat losses |Heaflosses |Heatlosshs [Heatlosses |Heat Heat Heat Heatlosses |Heat losses = entio one
ttom one from one from one from one losses losses 1ossas om one from one aving aving
non non non broken from 278 trom 0 from 16 e aved e
weamelized {weatherzed |weathetized |window non weatherzg non weathenzg broken aathetized | weathetized 1 period © e period
window single pane idouble pane |by Inkatalr  jsingle pane double pane |[windows ndow single pane onitonng petio 0
by infilration {window window windows windows y infitration |window c 0 3
by transtete |by ransfete i 3 by transtera onitoring
per aay pesaay pet day pet day per day per day per day -] pe1 day per day 3 per do perda per d
QInt. nw Q. nwl Qtnw2 Qb.nw Qnwl Qnw2 ab 10 SR nt.w ah w2 -~ deitc & B
xeal day kealday  |kcalday kcalday  |xcaida xcal day kcaldoy  frediisapiiaslkeal day kccldaE : alda g/do da
7-Feb 96 53,28 12130.08 0.00 556400.72 X 0.00}  8346145.83 117331 . X 1 . X 1337. 140.42
8-Fen-96 51.15 11696.23 0.00f  526826.54 3265771.79 0.00] 7902398.15 11168169.94 1.27 11696.23]  4904830.74 617333919 1250.87 132.29
?-Fab-96 46.34 10699.43 0.00 460935.27 2087323.14 0.00] 6914029.06 9901352.18 1.15 10699.43 4560147.49 5332204.70 1088.21 114,26
10-FeD-96 39.70) §738.49 0.00 400264.63 2718337.03 0.00  6003819.41 8722156.44 0.95 9738.49]  4158742.06 4563414.38 831,31 97.79
11-Feb-96 41,75 10147.25 0.00] 425717.37 2832542.40 0.00{ 6385760.49 9218302.89 1.00 10147.25]  433300.71 4885002.18 906,04 104.68
12-Fab-96 25.63 10423.34 0.00 443209.70 2004814.76 0.00] 664814556 9562960.32 1.03 10423.34 4451204.44 5101755.88 1041.17 109.32
13-Feb-96 33.58 1082927 0.00]  470001.16 3022650.96 0,00] 7050017.46 10072668.42 0.94 10839.27|  4628770.01 5443898.41 1111.00 116.65
14-Feb-96 31.68 1028350 0.00 434320.60 2667620.16 0.00{ 6514809.07 9382420.24 0.89 10283.50]  4391434.35 4990254.88 1018.57 108.95
15-Fab-96) 56,08 10699.43 0.00f  460935.27 2990032.34 0.00] 6914029.06 9904061,39 0.93 10699.43]  4560063.28 5335008.12 1068.78 114.32
16-Fab-9¢ .16 10423.34 0.00[  443209.70] 2006627.42 0.00] 6648145.56 0554772.96 0.84 10423.34] 445112435 5103648.63 104156 109.36
17-Feb-96 31.22 10147.25 000 425717.37 282061342 0.00] 6385760.49 9215373.91 0.82 10147.25]  4333222.05 4882150.95 996.26 104.62
18.Feb-96 29.84 9738.49 0.00]  400254.63] 2715595.08 0.00] 6003819.41 871941448 0.78 9738.49]  4158667.74 4560746.75 930.76, 97.73
19-Feb-96 30.76 10011.00 0.00] 417171.69 2791606.99 0.00f 6257575.42 9049182.41 Q.87 10011.00]  4275065.23 4774117.18 974.31 100.30
{ 20-FeDp-26 28.94 9469.57 0.00 383790.58 2640584 56 0.00| 5756858.75 8397443.32 0.81 9469.57|  4043852.86 4353590.45 888.49 93.29
[ 2).Fep-96 26.84 9738.49 .00 400254.63 2715505.08 Q.00 600381941 8719414.49 Q.84 9738.49 4158692.51 4560721.98 930.76 97.73
22-Fan-Q6 64.90 9336.90 0.00 375753.63 2613701.07 0.00] 5636304.42 8250005.49 Q.80 9336.90 3067196.66 4262606.83 869.96 91.35
23-Fen-96 67.96 9738.49 0.00 400254.63 2726194.21 0.00{ 6003819.41 8730013.61 0.84 9738.49 4156692.51 457132110 932.92 97.96
24-Feb-96 67.96 9738.49 0.00] 400254.63 2726194.21 0.00] 8003819.41 8730013.61 0.84 9738.48 4158604.28 4571319.33 932.92 97.96
25-Feb-96 70.06 10011.00 0.00 417171.69) 2802532.40 0,00} 6257575.42 9060107.83 0.87 10011.00]  4275065.23 4785042.60 976.54 102,54
26-Feb-26 61.89 8938.90 0.00] 351985.78 2502218.50) 0.00]  6279786.85 7782005.36 .77 85838.90] 3817239.34 3064766.01 809.14 84.96
27-Fab-96 33.03 8185.92 0.00] 30846123 2264868.05 0.00] 4626918.39 6911786.44 0.70 8185.92]  3495688.62 3416097.82 697.16 73.20
28-Feb-96 65.31 7752.07 000] 284266.22 2173231.69 0.00] 4263993.23 6437224.92 0.68 7752.07] 331042125 ‘3126803.67 £38.12 67.00
29-Feb-9¢ 26.86/ 6755.27 0.00| 231240.05 1885431.45 0.00] 3468600.80 5354032.25 0.58 6755.27] 2884748.35 2460262.90) £03.94 52.81
1-Mat- 96l 11.98 5794.33 0.00 183697.71 1614155.32 0.00] 2755465.68 4369621.01 0.48 5754.33] 2474384.04 1895236.96! 386.78 40.61
2-Mai-@6 12.88 6203.09 0.00[  203474.91 172804037 0.00} 3052123.67 4780164.04 0.52 6203.09] 264894038 2131223.66 434.94 4567
3-Mo1-9¢ 13.50 6479.18 000 21720956 1804963.86 0.00] 3258143.45 5063107.31 0.54 6479.18]  2766841.86 220626544 468.63 40.21
4-Mar-96 14.42 £895.11 0.00! 23845731 1920850.32 Q.00 3576859.64 5497709.96 0.58 6895.11 2044450.78 2553250.18 5§21.07 54.71
5 Mar-9¢ 13.19 6339.34 000 21021568 1766002.50 0.00} 3153235.18 4919237.68 0.53 6330.34] 2707124.41 2212113.27 45145 47.40
& Mar-96 14.11 6755.27 0.00] 231240.05 1881888.26 0.00] 346860080 5350489.06 0.69 6755.27]  2884795.79 2465693.27 503.20 52.84
7-Mot-96 11.04 6479.18 0.00| 21720956 1804281.67 0.001 325814345 506242512 0.54 6479.18]  2766840.72 2295564.39 466.49 49,19
8-Mar-96 10,54 6203.09 0.00{  203474.91 1727380.12 0.00] 3052123.67 4779512.78 0.64 6203.09]  2648992.57 2130520.21 434.80 45,65
Q-Mar-96 9.81 5794.33 0.00 18369771 1613649.56 0.00] 2755465.68 4369015.24 0.61 5794.33] 2474438.65 1894576.59 386.65 40.60
10-Mar-96 8.85 5260.08 0.00 150886.46 1464761.73| 0.00] 2383206.87 3848058.60) 0.58 6260.08]  2245297.70 1601760.90 226.89/ 4R
11. Mar-96 8.15 4865.66! 0.00 141355.10 1354920.16 0.00] 2120326.51 3475246.67 0.55 4865.66]  2077872.81 1397373.86 285,18 20.94
12-MQr-96 7.92 4732.99 0.00 135613.40 1317973.80 0.00] 2034201.03 3352174.82 0.51 4732991  2021200.26 1330971.56 271.63 28.52
13-Mar-96 10.10 4732.99 0.00 135613.40 1318580.15 0.00| 2034201.03 3352781.17 0.48 4732.90]  2021194.28 1331586.90 271.75) 28.53
14-Mat-96 10,10 4732.99 0.00 135613.40 1318580.15 0.00] 203420103 335278117 0.49 4732.99] 2021196.36 1331582.81 271.75 28.53
15 Mat-96 9.21 4216.67 0.00 114038.81 117479213 0.00] 1710582.22 2885374.38 0.43 4216.67 1800700.08 1084674.28 221.38 2324
259023711 133! 58 ¥5 7 2R 0070 20085
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Sheet2

Energy Saved for the period of monitoring:

Conventional Fuel Saved for the period of monitoring:

Money Savings:

Payback Period:
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Sheet1

4 »k: ~
Date / Time E ;.;'f;'fﬁ AirDensity | Alr Density O o Tem- Tem- Outside Inlet Air @
_ : .
a perature p petature | perature Tempe From One e
od & = weathetized [ OQufskda Alr d =Bl non wea- | weathe- rature Broken d
d S room therized rized Window aths
Q0 GO absolute | absolute | absolute Non weather
O Dw Do Thw | Tw To Vb b
kg/cub.m | kg/cub.m m (U] (W) cub.m/hour o
U//red/?6 UUS/ . X | , 1.23 . X B . Y700 Vivan 1628, )
08/Feb/96 00:57 12,00 15,30 0.38 0.2016 1.23 1.30} 0.01 0.26 2685.00f 288.30 273.38 1604.51 1969.26
09/Feb/96 00:57 12.80, 17.30, 3,16 0.2016 1,22 1.28 0.01 0.26 285.80] 290.30 276,16 1556.62 1895.69
10/Feb/96 00:57 13.40 17.80 5.84 0.1916 1,22 1.27 0.01 0.24 286.40] 290.80 278.84 1430.37 1738.55
11/Feb/96 00:57 13.10 170 4.70 0.1926 1.22) 1.28 0.01 0.25 286.10]  290.10 277.70 1458.20] 1777.22
12/Feb/96 00:57 13.10] 17.60 3.93 0.1148 1.22 1.28 0,01 0.15 286.10{  290.60 276.93 1529.74 1860.77
13/Feb/96 00:57 12.00 17.80] 2.77 0.1440 1.22 1,29 0.01 0.19 285.00f 290.80 275.77 1603.48 1948.95
14/Feb/96 00:57 1210 1910 4.32 0.1440} 1.21 1.28 0.01 0.18 285.10] 292.10 277.32 1586.54 1918.57
15/Feb/96 00:57 12.60 18.60 3.16 0.2440 1.21 1.28 0.0} 0.31 285.60] 291.60 276.16 1622.97 1966.47
‘1 16/Feb/96 00:57 1210 18,60 3.93 0.1440 1.21 1.28 0.00 0.18 28510 291.60 276.93 1581.98 1916.81
| 17/Feb/96 DO:57 12.20 17.40 4.703 0.1440 1.22 1.28 0.00 0.18 285.20] 290.40 277.70 1474.97 1795.56
- 18/Feb/96 00:57 12.00 17.80 5.84 0.1440 1.22 1.27 0.00 0.18 265.00( 290.80 278.84 1430.37 1738.55
19/Feb/96 00:67 12.00 18.10 5.08 0.1440 1.21 1.28 0.01 0.18 285.001 291.10 278.08 1491.64 1810.89
20/Feb/96 00:57 11.90 20.70] 6.59 0.1440 1.20 1.27 0.01 0.18 284.90F 293.70 279.59 1545.94 1857.72
21/Feb/96 00:57 12.90 19.50 5.84 0.1440 1.21 1.27 0.01 0.18 285.90] 292.50 278.84 15624.20 1840.29
22/Feb/96 00:57 12.60 20.80 6.96 0.3280 1.20 1.27 0.01 0.42 265.60] 293.80 279.96 1530.82 1838.82
23/Feb /96 00:57 12.80 21.20 5.84 0.3280 1.20 1.27 0.01 0.42 285.80] 294.20 278.84 1611.59 1932.78
24/Feb/96 00:57 13.50! 22.10 5.84 0.3280 1.20 1.27 0.01 0.42 286.50] 295.10 278.84 1655.60 1978.49
25/Feb/96 00:57 13.80 21.50 5,08 0.3280 1.20 1.28 0.01 0.42 286.80] 294.50 278.08 1665.42 1994.97
26/Feb/96 00:57 13.20 21.50 8.07 0.3286 1.20 1.26 0.01 0.4) 286.20] 294.50 281,07 1506.18 1804.2
27/Feb/96 00:57 10.40 20.60| 4.70) 0.1926 1,20 1.28 0.01 0.25 283.40)  293.60 277.70 1641.35 197315
28/Fab/96 00:57 10.60 21.40 5,46, 0.4040 1.20 1.27 0.01 0.51 283.60| 294.40 278.46 1641.18 1966.71
29/Feb/96 00:57 9.20 22,50 2.38 0.1926 1,19/ 1,29 0.0t 0.25 282.20)  295.50 275.38 1840.42, 2195.85
01/Mar/96 00:57 9.10 22.70 2.38 01012 1.19 1.29 0.01 0.13 282.10] 295.70 275,38 1848.91 2204.23
02/Mar/96 00:57 9.60 22.10 2,77 0.1012 1,20 1.29 0.01 0.13 282,601 295.10 275.77 1805.14 215719
03/Mar/96 00:57 10.50 21.604 4.32) 0.1012 1.20) 1.28 0.01 0.13 283.50] 294.60 277.32 1708.19| 2045.39
04/Mar/96 00:57 10.80] 21.00 4.70 0.1012 1.20 1,28 0.01 0.13 283.80] 294.00 277.70 1660.74 1993.30
05/Mar/96 00:57 12.00 22.00 5.46 0.1012 1,20 1.27 0.01 0.13 285.00{ 295.00 278.46 1670.08 1996.58
06/Mar/96 00:57 14.60 24.00! 6.59 0.1012 119 1.27 0.01 0.13 287.60] 297.00 279.59 1707.66 2025.29)
07/Mar/96 00:57 9.26 23.05 7.70 0.0828 1.9 1.26 0.01 0.10 282.26] 296.05 260,70 1606.03 1911.99
08/Mar/96 00:57 10.03 22.86) 8.80f 0.0828 1.19 1.26, 0.01 0.10 283.03] 295.86 281.80 1537,55 1831.86
09/Mar/96 00:57 9.12 22,63 6.96) 0.0828 1.19 1.27 0.01 0.10§ 282.12] 295.63 279.96 1623.83 1936.43
10/Mar/96 00:57 9.18 22.71 7.33 0.0828 1.19 1.27 0.01 0.10} 282,181 295.71 280.33 1608.52 1917.56
11/Mar/96 00:57 9.68 22.81 8.43 0.0828 1.19 1.26 0.01 0.10 282.68] 295.81 281,43 1555.08 1853.12
12/Mar/96 00:57 10.14 22.89 8.80] 0.0828 1.19 1.26 0.01 0.10 283.14f 295.89 281.80 1539.11 1833.51
13/Mar/96 00:57 10.26 22,79 8.60] 0.1056 1,19 1.26 0.01 0.13 283.26] 295.79 281.80 1533.90 1828.02
14/Mar/96 00:57 10.30 2281 8.80) 0.1056 1.19 1.26 0.01 0.13 283.30f 295.81 281.80 15634.95| 1829.12
15/Mar/96 00:57 1217 23.36 10.244 0.1086 1.19 1.25 0.01 0.14 285.171  296.36 283.24 1484.01 1764565
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Sheet1

Two windows of the size drawn to the left (weatherlzed and non weatheiized) were tested for infiltration
at the Maternity Hospltal # 4. The windows are located in the same size (3.00m x 4.00m jrooms on East
side of the bullding.

There are 293 windows of this size and shape at the hospital.

There was 278 single glass pane windows, and 15 broken windows,

All the missing glass panes were replaced. Windows were caulked and weather-stripped.

For tempetrature measurements HOBO-XT automatic temperature loggers were used for the period of
7 February 1996 through 15 March 1996,

For the Infiltrating air volume measurements speclal Installation was used for the period

of 7 Februaryary 1996 through 15 March 1996,

The principe of that installation Is to measure the time during which a very tight sealed to window bag
with known volume is filled by infiltrating air.

Both rooms and the entire building were district heated
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Sheet3

Traumatology Hospital # 6

: . Lo . '
:Calculations Based on Actual Data 96
Date / Time - Heat losses Heat losses aat losses Heat Heat iosses Energy  Conventionat Maney
pef none per none per none per broken losses losses losses 2 per 8 savings fue! savings
tiom 278 from 0 from 15 ] weatherzed | weatherzed Fififie: in the saved in the
weatherked | weatherked | weatherzed window non non broken window single pane g period of in the petiod
window single pane | double pane | byinlet aif { weatherzed | weatherzed windows by window : monitoring perion of
by infiitration window window single pane ldouble panq infitration by transtere 2 X of monitoring
by transtere | by transtere windows windows 2 monitoring
per day per day per day per day per day per day per day per day per day X xix perday per day perday
Q inf. nw Q fr. nwl Q it nw2 Qb nw anwil Qnw 2 ab Qint. w Q i, w2 delta @ B E
kcal day kealday kca! day kcal d_aL_ kcal duz keal dax kcalday keal day keal day 3 kcalday kg/day $/day
07/Feb/96 00:57 23.21 5496.72 0.00] 177051.80] 1534542.45 . . TRLA X . 493 1842965.60 376.12 39.49
08/Feb/o6 00:57 22.49 5349.72 0.00] 169236.34] 149347351 1 5 o 1747452.09, 356.62 37.45)
_09/Feb/O6 00:57 21.10 5070.04 0.00] 154396921 1415336.20 0.00 1566160.10) 319.62 33.656
10/Feb/96 00:57 16.79 4288.38 0.00] 119767.73] 1196837.39 0.00 . 18 1162043.91 237.15 24.90
11/Feb/96 00:57 17.58 4446.14 0.00] 126836.16] 1240914.17 0.00) . X 14 EEER0ge 1246273.77 254.34 26.71
12/Feb/o6 00:57 11.58 4901.52 0.00f 146515.82] 1365841.10 0.00] 2197737.29 . ] . RS 1470433.24 300.09 3151
13/Feb/96 00:57 16.04, 5389.16, 0.00] 168725.80] 1502645.38 0.00| 2530887.0 £ : . A 5 1732170.3% 353,50 37,12
14/Feb/96 00:57 15.68 5299.52 0.00] 163333.06] 1477626.18 0.00] 244990958 . 2 ; . 3 1664540.44 330.70 35.67
15/Feb/o6 00:57 27.88 553617 0.00| 174886.99| 1546806.09 0.00 Firghizy: 2 %5 180597079 368.57 38.70
16/Feb/96 00:57 15.58 5260.08 Q.00 161968.94] 1466635.23, 0.00 1649943.38 336.72) 35.36
17/Feb/o6 00:57 13.45 4553.71 0.00] 131348.73] 126967351 0.00 1205319.36 264.35 27.76
18/Feb/96 00:57 12.62 4288.38 0.00] 119767.73| 11895677.60 0.00 1160915.55] 236.92 24.88
19/Feb/96 00:57 13.78 4668.45 0.00] 135808.25] 1301659.86) 0.00f 2037123.71 1345189.03 27453 28,83
20/Feb/96 00:57 14,85 5059.28 0.00} 150983.23] 1410608.05 0.00] 2264748.46! 1514865.39 309.16 32.46
21/Feb/96 00:57 1441 4897.93 0.001  144796.62| 136563177 0.00] 2171949.35 1445992.49 295,10 30.99
22/Feb/98 00:57 33.13 4962.47 0.00] 146587.42| 1388776.21 0.00{ 2198811.31 1468438.43 299.68 31.47
23/Feb/96 00:57 36.92 5507.48 0.00] 171000.14{ 1541343.69 0.00] 2565002.09 1754456.95 358.05 37.60
24/Feb/SB D0:57 33.08 5830,19 0.00] 185300.39] 1631656.79 0.00] 2779505.88 1921466.85) 392.14 4117
25/Feb/o6 00:57 39.58 5887.56 0.00| 188682.54| 164774359 0.00] 2830238.15 1063786.47 400.77 42.08
26/Feb/96 00:57 32,01 481546 0.00{ 13956B.05| 1347597.53 0.00 1384746.49 282.60 20.67
27/Feb/O6 00:57 2254 5701,10 0.00f 180708.87{ 1591172.20 0.00, 1867229.93| 381.07 40.01
28/Feb/96 00:57 47.26 571545 0.00] 180571,99] 1602032.08 0.00 1869907.58 381.61 40,07
20/Feb/06 00:57 28.76 721423 0.00] 254470.21| 201355169, 0.00 2749998.27 561.22 58.93)
01/Mar/96 00:57 15.26] 7285.94 0.00f 257990,10] 202973457 0.00 2786228.58 569.03} 59,76
02/Mar/96 0057 14.50 6930.96| 0.00] 24018358| 1930839.14 0.00 257382121 525.27| 55.15)
03/Mar/96 00:57 12.89) 619592 0.00{ 203583.06| 1726047.69 0.00 2133915.20 435.49 45.73
04/Mar/96 00:57 12.14) 5844.53 0.00] 18714688] 1628153.64| 0.00) 1939534.44 395.82, 41.56]
05/Mar/96 00:57 12,28 5330.58 0.00] 190215.09] 1652116.78 0.00 1972774.04 402.61 42.27
06/Mar/96 00:57 12.88 624253 0.00] 203098.99] 1739002.58 0.00 2119657.82 432.58 45.42
07/Mar/o6 00:57 9.25 5503.90 0.00] 16905076 1532654.40 0.00 1718058.61 350.62 36.82
08/Mar/96 00:57 8.44 5041.35 0.00] 148354.61] 1400841.79 0.00 1476283.72 301.28 31.63
09/Mar/96 00:57 947 5618.64 0.00] 174780.71] 156461281 0.00 1786915.27 364.68 38.29
10/Mar/96 00,57 3,28 £514.65 0.00] 169874,17| 1535653.40 0.00 1728751.71 352.81 37.04
11/Mar/96 00:57 8.64 5156.08 0.00] 153481.62] 1435796.02 0.00 1536268.27 313,52 3292
12/Mar/96 00:57 8.45| 5052.11 0.00| 148804.34] 1406837.18 0.00 1481420.94 202,33} 31.74
13/Mar/96 00:57 10.71 5016.25 0.00] 147306,60] 1397485.17 0.00 1454934.55 208.97 31.39
14/Mar/96 00:57 10.72 502343 0.00] 147605.84| 1399493.02 0.00, 1468354.21
15/Mar/96 00:57 1027 4704.31[ 0.00] 133349.25] 1310652.45 0.00] 2000238.69p: 8 eREIgi 048]  4704.31EIXNAH 1301946.84
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Energy Saved for the period of monitoring:

Conventional Fuel Saved for the period of monitoring:

Money Savings:

Payback Period:

Energy, Fuel, Money Savings Percent:
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Address:

Moskovyan Str. # 17

Phone:

58-08-01

Chief Administrator:

Marietta Matghashyan

Deputy Chief Administrator:

Eleonora Tumanyan

Head of Maintenance:

Mikael Hovhannessyan

Building Operational Capacity:

1124

Date of Construction:

1923

Significance:

One of the oldest and largest schools in
Yerevan, one of the few wich provides
profound Russian language teaching

Total Number of Rooms:

82

Teachers: ) 120
Administrative: 3
Maintenance: 1

Class rooms: 46
Laboratory Rooms: 10
Critical Care Room: 1
Kitchen: 2
Storage Rooms: 6
0
1
6

Offices: 1
Maintenance Rooms
Bathrooms




Armenia Weatherlzation Project
Monitoring Data Collected

Temperature inside the buiiding ‘93-'94 (with heaters)

B Temperature inside the building ‘94-'95 {with heaters) +10 +4C +4C +4C +4C
X3 Temperature inside the building ‘95-'96 +20C +16C +9C +12C +21C
ANS Temperature outside the building '93-'94 +3C -15C -15C -13C -4C

Temperature outside the building ‘94-'95 +3C -10C -10C -8C +2C

Temperature outside the building ‘95-'96

+6C

+7C

i
Power consumplion ‘93-'94, kWh 1,200 1,400 1,250 1,200 1,200
kwh kw/h kw/h kw/h kw/h
Power used for heating none none none none none
Power used for ligting no data no data no data no data no data
Power used for kitchen and laundry no data no data no data no data no data
Power used for other purposes no data no data no data no data no data

N Power consumption ‘94-'95, kWh 1,200 1,100 1,280 1,320 1,300
kwh kwth kw/h kwh kwh
e %)
35 Power used for heating none none none none none
Sy Power used for ligting no data no data no data no data no data
Power used for kitchen and laundry no data no data no data no data no data
Power used for other purposes no data no data no data no data no data

10!

1320

Power consumption ‘95-'86 1760 1760 760 800
3 kw/h kw/h kwih kwhh kwth
RS Power used for heating none none none none none
B Power used for ligling no data no data no data no data no data
Power used for kitchen and faundry no data no data no data no data no data
Power used for other purposes no data no data no data no data no data

Fuel consumption

3 total kerosene consumption for the whole winter=1,540

gas none none none none none
wood none none none none none
12 kerosene heaters with the 290 320 260 330 340

azut

Fuel ounsurgﬁ;n ‘9495

_gas

none

none

none

none

none

N wood

none

none

none

none

none

‘S'&v\g_ 95 kerosene healers with the total kerosene
3 comsumption for the whole winter =

mazut

BN Fuel consumption __ ‘95-'98

RaE gas none none none none none
AR wood none none- - none none none

X N kerosene

S mazut none none none none none

R 3 Hours heat supplied per day , average 6 hours_ ‘94-'95 nong none none none none
SHES Hours heat supplied per day , average 6 hours ‘95-'96 none none none none none
m Temperature of heat carrier ( supply ) ‘94-'95 none none none none none
83859 Temperature of heat carrier { return ) ‘94-'95 none none none none none
2% Temperature of heal carrier (supply) 9596 none none none none none

RE8 Temperature of heal carrier (return) '95-'96 none none none none none
S0 Power consumption limit ‘94-'96 2400 kw/h | 2400 kw/h | 2400 kw/h | 2400 kwih | 2400 kw/h
2964 Power consumption limit 95-'96 2400 kwh | 2400 kw/h | 2400 kw/h | 2400 kwh | 2400 kwh
228 Used power comparing to limit _‘94-'95 50% 45.8% 53.3% 55% 54.9%
§9%: Used power comparing to limit_95-'96 55% 73.3% 73.3% 31.7% 33.3%

Le



Armenla Weatherization Project
Monitoring Data Collected

3 Thickness of outside walls

QORI R,

R

IR

R R R 8

700 mm 420 mm 400 mm 400 mm

Surface of glazing 188.5 sq.m 145.9 sq.m 276.1sq.m 337.3sq.m | none
Surface of building envelope 1198sq.m 1151sq.m 1707sq.m 1707 sq.m 1756sq.m
Surface of windows covered w/ Astro-Foil none none none none none
Surface of walls insulated none none none none noneg
Thickness of insullation none none none none none
Surface of glazing missing 42 sq.m 37 sq.m 99 sg.m 71 sq.m
Orientation N-E S-W SE N-W
Number of windows 62 51 78 77
Average size of windows 3.04 sq.m 2.86 sq.m 3.54 sq.m 4.38 sq.m
XN Average perimeter of window 717 m 6.89 m 7.40 m 8.43m
M Average size of gap between window sash and frame 4 mm 4 mm 4 mm 4 mm
33 Average size of gap between window frame and building 5 mm 5mm 5 mm 5 mm
338 Number of exterior doors 6 1 2 3
3 Average size of doors 3.75 sq.m 2.6 sq.m 3.3 sq.m 3.1sq.m
Average perimeter of doors 80m 72m 7.7m 76m
Average size of gap between door sash and frame 4 mm 4 mm 4 mm 4 mm
Average size of gap between door frame and building 5 mm 5 mm 5 mm 5 mm

19 | Building material

tufa, concrete blocks whufa, glass blocks

20 | Number of existing glass panes

2: 6 big aluminum windows - of 1 leyer)

21 | Type of the roof two slope

22 | Number of floors 4

23 | Total volume of the building 33,640 cub.m
24 | Average size of the gaps around windows 5 mm

25 | Heating system

District heating _{not eperating) {back up: kerosene stoves)

26 | Type of heating units

Radiators {kerosane stoves)

27 | Number of heating units

268_( 25 in the year of 1994-95)

28 | Efficiency of heating units 60% (20%)

29 | R- Value of wall material 0.78

30 ] U- Value of wall material 1.3

31 | R- Value of roof material 0.60

32 | U- Value of roof material 1.65

33 | Ares of one floor 1,756 sq.m

34 | Total floor area 6,648 sq.m

35 | Total surface of the building 7,520 sq.m

36 | Total surface area of exterior doors 41 sq.m

37 | Total surface area of glass 948x2=1896 sq.m

Data Coliected by : Rita, Hovik, Edward, Vahag

Data Provided by: Maintenanceman, assistant, Mr. Arshakyan

Date: October 16-29, 1995,



Secondary School # 8

r Data

* 2
Typical Winte
i€
1-Feb-96! 5.00 5.00 3.11
2-Feb-96 5.00 5.00, -0.01
3-Feb-96) 5.00] 500] -4
5-Fob-96) 5.00 5.00] -5.16)
&-Feb-94) 5.00) 5000 -47
7-Fab-94) 5.00] 500 -11.83
8-Feb-96) 18.00] 18.00]  -10.62
9-Fob-96 18.00 18.00 -7.84
12-Feb-96 18.00 18.00] -5.16
13-Fab-96 18.00 18.00 -6.3
14-Feb-96 18.00 18.00 -7.07
15-Feb-96) 18.00 18.00 8.23
16-Feb-96 18.00! 18.00 -6.68
19-Fob-96 18,00, 18.00 -7.84
20-Feb-96 18.00 18.00 -1.07
21-Feb-96 18.00 18.00 -6.3)
22-Feb-94 18.00 18.00 -6.16
23-Feb-96 18.00| 18.00 5,92
26-Fab-96 18.00] 18.00 -4.41
27-Feb-96 18.00 18.00 -6.16
28-Feb-96 18.00, 18.00 -4.04
29-Fab-96 18.00 18.00 -5.16
1-Mar-96 18.00 18.00 -5.16
4-Mar-96 18.00 18.00 -5.92
5-Mar-96 18.00 18.00 -2.93
&-Mar-96 18.00| 18.00 0.83)
7-Mar-96 18.00] 18.00 0.38
8-Mar-96 18.00 18.00 3.16
11-Mar-96 18.00) 18.00 584
12-Mar-96 18.004 18.00 47
®

Sheet1

Inlet Al

Alr Density | Alr Density | Air Density infiltration infiltration Tem- Tem- Outside Inlet Air
non per per perature | parature | Tempe From One Per
eatherizedj weatherized| Outside Alr | weatherized non non wea- | weathe- rature Broken Broken
room room window | weatherizad| therized rized Window Window
perwindow | absolute | absolute | absolute | Non weather| Non weather
Dnw Dw Do Gw G nw Tnw Tw To Vb Gb
kg / cub.m ﬁ / cub.m kg / hour kﬂ/ hour (L] m m cub.m/hour kg / hour
1.28 1.28 1.29 0.12 28.50 278.00| 276.00 276.11 581,55 742.21
1.28 1.28 1.30) 0.10] 21.62] 278.00 278.00 27299 94684 120841
1.28 1.28 1.32] 0.10| 2199 278,00 278.00 268.29 1318.16 1682.30]
1.28 1.28 1.32] 0.10) 29.37 278.00 278.00 267.84 1348.36| 1720.84
1.28 1.28 1.32 0.12 29,321 278.00 278.00 268.29 1318.16) 1682.30
1.28 1.28 1.36 0.13 3007 278.00 278.00 251.17 1735.40 221481
1.21 1.21 135 3} 22.46 291.00 291.00] 262.38 221192 2686.37
1.21 1.21 134 0.11 22.24 291.00 291.00 265.16) 2101.76, 255267
1.21 1.21 1.32 0.11 2208 291.00 291.00 267.84 1989.77 2416.58
1.21 1.21 : 1,33 0.11 20.30) 291.00 291.00 266.70) 2038.16 2475.34
1.21 1.21 1.33 0.11 20,36 291,00 291.00 265.93 2070.20, 2514.25
1.21 1.21 1.34 0,10 17.82 291.00 291.00 264.77 2117.55 2571.76
1.21 1.21 1.33 0.08 17.72 291.00 291.00] 26632 2054.08 2494.62
1.21 1.21 1.34 Q.07 17.79 291.00 291.00 265.16 2101.75 2652.57
1.21 1.21 1.33 0.07 22,18 291,00 291,00 265.93 2070.20 2514.25
1.21 1.21 1.33 005 17.70 291.00 291.00 266,70 2038.16| 2475.34
121 1.21 1.32) 005 17.62 291,00 291.00 267.84 1989.77 2416.68
1.21 1.21 1.33 0.05 17.67 291.00 291.00 26708 202216 245591
1.21 1.21 1.32 0.07 17.68 291.00 291.00 268.69/ 1967.29 237713
1.21 1.21 1.32 0.05 17.62 291,00 291.00 267.84 1989.77 241658
1.21 1.21 132 0.05 17.85 291.00 291.00 268.96 1941.06 2357.42
1.2} 1.21 1.32] 0.05 22.03 291.00) 291.00 267 84 1989.77 2416.58
1.21 1.21 1.32 0.05 22,08 291,00 291.00 267.84 1989.77 2416.58
1.21 1.21 1.33 0.06 22.37 291.00 291.00 267.08 2022,16) 2455.91
1.21 1.21 1.31 0.06 22,14 291,00 291.00 270,07 1891.55 2297.29
1.21 1.21 1.30 006 21.69) 291.00 291.00 27217 179415 2179.00
1.21 1.21 1.30] 0.06 17.27 291.00 291.00 273.38 1735.65 2107.83
1.21 1.21 1.28 0.06 28,50, 291.00 291.00 274.16 1592.76 1934.41
1.21 1.21 1.27 0.06 16.93 291.00 291.00 278,84 1441.79 1751.05
1.21 1.21 1.28 006 14.17 291.00 291.00 277.70 1507 .86 1831.29
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13-Mar-96] ~ 1800]  18.00] 898
14-Mar-96| 1800 1800 277
15-Mar-96 18.00 18,00 4.32)
18-Mar-96| 1800 18.00]  $.6
19-Mar-94) 18.00 18,00 398
20-Mar-96|  1800] 1800 42
21-Mar-96|  18.00]  1800]  ss4
22-Mar-96] 1800 1800 739
25-Mar-96] 1800  18.00] 84|
26-Mar-96|  1800] 18.00]  ss
27-Mar-96| 18000 18.00] &8
28-Mar-96]  18.00] 1800  ss
29-Mar-96 1800 18.00] 1024

Sheet1
1.21 1.21 1.28 0.06) 14,21 291.00] 291.00 276,93 185089 1883.56
1.21 121 129 0.06 27 9100l 2100 20577 1613.56 1959.66
1.2] 1.21 1.28 0,06 1419 291.00 291.00 277.32] 1629.25 1867.27
1.2 1.21 1.28 0.06 14.26 291.00] 291.00] 276,16 1692.76 ' 1934.41
121 1.21 1.28 007, 14.21 201000  291.00] 27698 165089 188356
121 121 128} 006 12.14 2100 00| 27770 150786 1831.29
121 121 127 006 1209 210 2100 27884 144179 1751.05
1.21 121 1.27 005} 12.24 2100] 2100 28033 135067 1640.26
1.2 1.21 1.26 0.05) 12,19 291.00 291.00 281.43 127906 1653.42)
1.21 1.21 1.26 0.05 11.96 291.00 291.00] 28180 1264.09 16523.09,
1.2] 1.21 1.26 0.06] 11,96, 291.00] 291.00 281,80] 1264 09 1523.00!
121 121 1.26 006 1396 2100 29100 28180 125409 1623.09
1.21 1.21 1.25 0.06] 13.88 291.00| 291.00 283.24 1161.77 1398.82
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BpCONAg ole ' .
. . 0 Base] 0 ) - =
pafe /Time | Heatlosses | Heat losses | Heatlosses | Heat losses Heat Heat Heat Heat losses Heat lossas e1g entiona one
per none pernone pet none per broken losses losses losses per per g e aving
from 73 from 160 from 36 weatherized| weatherized § = ed e
weatherized|{ weatherized] weatherized window non non broken window single pane period ¢ period
window |singie pane | double pane | by inletalr | weatherized| weatherized windows by window oring perio O
by infitttationy  window window single pane | double pane infiltration by transfere O oring
by transfere| by transtere windows windows anitaring
per day per day per day pet day per day per day per day pet day pert day ::' per da perda per da
Qinf.nw Q. nwl Q. nw2 Qb.nw Qnwl Qnw2 Qb Qinf. w Q. w2 £ S' delta @
keal day keal day kcal day kcal day kcal day kcal day keal day 2] kealday keal day el alda g/da da
1-Feb-96 310.28 828.73 460.40 8080 83147 123309 282799 489255 1.29 828.73 354419 134836 27.52 2.89
2-Feb-96 623.97| 2196.78 1220.44 34872 205915 295105 1220509 1721530 2.77 2196.78 939211 782318 159.66 16.76
3-Feb-96| 1230.10| 4257.64 2365.36 94080 400605 575273 3293164 4269042 5.47 4257.64 1820347 2448695 499.73 52,47
5-Feb-96] 1718.92] 4454.96 2474.98 100706 450693 671023 3524724 4646439 5.73 4454.96 1904713 2741726 559.54 58.75
6-Feb-96| 1640.13] 4257.64 2365.36 94080 430537 640878 3293164 4364580 6.83 4257 .64 1820931 2543649 519.11 54.51
7-Feb-96] 291549 7379.62 4099,79 214705 751543 1122444 7514684 9388671 12.15 7379.62 3156284 6232386 1271.92 133.55
8-Feb-96] 3702.66] 12549.30 6971.83 442852 1186393 1707918} 15499820| 18394131 18.28 12549.30 5366358 13027773 2658.73 279.17
9-Feb-96! 3310.31| 11330.32 6294.62 379921 1068766 1536790} 13297224| 15902780 16.35 11330.32 4845028 11057751 2256.68 236.95
12-Feb-96{ 2938.74| 10155.20 5641.78 322375 955857 1372882] 11283142 13611881 .14.51 10155.20 4342466 9269415 1891.72 198.63
13-Feb-96| 2841.35| 10655.06 5919.48 346468 985238 1401732| 12126392 14513363 14.80 10655.06 4556031 9857331 2032.11 213.37
14-Feb-96| 2939.44| 1099269 6107.05 363066 1017046 1447439] 12707313 15171798 15.31 10892.69 4700417 10471380 2137.02 224.39
15-Feb-96] 2691.94| 11501.33 6389.63 388554 1036109 1453051 13599397 16088557 14.96 11501.33 4917454 11171103 2279.82 239.38
16-Feb-96| 2518.94] 10821.69 6012.05 354627 973866 1364959| 12411948 14750772 10.76 10821.69 4625457 10125316 2066.39 216.97
19-Feb-86| 2648.25] 11330.32 6294.62 379921 1020436 1430860] 13297224| 15748519 9.81 11330.32 4842236 10906283 2225.77 233.71
20-Feb-96| 3202.88| 10992.69 6107.05 363066 1036277 1489590| 12707313} 15233179 9.49 10992.69 4697932 10535247 2150.05 225.76
21-Feb-96] 2476.80| 10655.06 5919.48 346468 958626 1343404] 12126392| 14428423 6.88 10655.06 4552650 9875772 2015.46 211.62
22-Feb-96| 2350.99] 10155.20 5641.78 322375 912952 1278843 11283142 13474936( 7.03 10155.20 4339272 9135664 1864.42 195.76
23-Feb-96| 2434.76] 10488.44 5826.91 338373 943393 1321867] 11843061 14108321 7.28 10488.44 4481674 8626647 1964.62 206.29
26-Feb-96| 2268.74] 9826.34 5459,08 306844 882940 1236450 10739523| 12858914 8.40 9826.34 4199434 8659480 1767.24 185.56
27-Feb-96[ 2350.99] 10155.20 5641.78 322375 912952 1278843| 11283142] 13474936 7.07 10155.20 4339290 9135646 1864.42 195.76
28-Feb-96| 2228.31 9664.10|  5368.94 289276 868146 1215561 10474652 12558359| 6.71 9664.10 4129434 8428925 1720.19 180.62
29-Feb-96| 2938.74] 10155.20 5641,78 322375 955857 1372882 11283142| 13611881 7.07 10155.20 4339290 9272591 1892.37 198.70
1-Mar-96{ 2938.74| 10155.20 5641.78 322375 955857 1372882 11283142| 13611881 7.07 10155.20 4339290 9272591 1892.37 198.70
4-Mar-96{ 3082.79] 10488.44 5826.91 338373 990700 1425552} 11843061 14259313 8.36 10488.44 4482135 9777177 1995.34 209.51
5-Mar-96{ 2668.59{ 9177.39 5098.55 276954 864757 1242743 9693398 11800897 7.24 9177.39 3921835 7879062 1607.97 168.84
6-Mar-96| 2352.21 8256.58 4586.99 236336 774441 1110271 8271756f 10156468 6.53 8256.58 3528349 6628119 1352.68 142.03
7-Mar-86{ 1753.08{ 7726.02 4292,23 213926 691974 967251 7487401 9146626 6.09 7726.02 3301609 5845017 1192.86 125.25
8-Mar-96] 2435.79] 6507.04 3615.02 165350 652827 968130 5787261 7408217 5.46 6507.04 2780841 4627376 944,36 99.16
4, 11-Mar-96] 1185.68/ 5331.92 2962.18 122646 475784 663656 4292621 5432062 4.41 5331.82 2278612 3153450 643.56 67.57
12-Mar-96; 1085.29| 5831.78 3239.88 140292 504947 692028 4910206 6107180 4.52 5831.78 2492103 3615078 737.77] 77.47
13-Mar-96| 1151.41 6169.41 3427 45 152649 534420 732619 5342732 6609771 4.96 6169.41 2636459 3973312 810.88 85.14
14-Mar-96| 1251.70} 6678.05 3710.03 171911 578872 793877 6016890 7389639 5.40 6678.05 2853832 4535807 925.67 97.20
15-Mar-86] 1117.88] 5998.41 3332.45 146347 519489 712053 5122139 6353680 4.97 5998.41 2563441 3790239 773.52 81,22
18-Mar-96] 1217.89| 6507.04 3615.02 1656350 563920 773267 5787261 7124448 5.07 6507.04 2780674 4343774 886.48 93.08
19-Mar-96| 1151.41 6169.41 3427 .45 152649 534420 732619 5342732 6609771 5.44 6169.41 2636661 3973109 810.84 85.14
20-Mar-96 930.25| 5831.78 3239.88 140292 493629 667221 4910206 6071055 4.52 5831.78 2492103 3578953 730.40 76.69
Page 1
® L ® o ® o o o ®



o @ ® o @
Sheet3

o1-Mar-gs| 84691 5331.92] 2962.18] 122646 451055 609454 4292621 5353130 3.87 5331.92 2278383 3074747 627.50 65.89
22-Mar-96] 75253 4678.58] 2599.21| 100809 396471 536279| 3528327| 4461078 3.11 4678.58 1999082 2461995 502.45 52.76
25-Mar-96] 672.17| 4196.25]  2331.26 85629 355395 480547] 2997023 3832965 278 4196.25 1792987 2039978 416.32 43.71

" 26-Mar-66| 633.67| 4034.02] 2241.12 80712 340741 459967| 2824908| 3625614 2.89 4034.02 1723758 1901856 388.13 40.75
27-Mar-96] 633.67| 4034.02] 2241.12 80712 340741 459967| 2824006| 3625614 3.08 4034.02 1723840 1901774 388.12 40.75
28-Mar-96] 739.29] 4034.02] 2241.12 80712 348451 476865| 2824906| 3650222 3.08 4034.02 1723840 1926382 393.14 41.28
29-Mar-96] 620.18] 23402.60]  1890.34 62524 293663 401683] 2188340| 2883686 275 3402.60 1454085 1429602 291.76 30.63
404323582 139054247 265269336 54137 5684

Energy Saved for the period of monitoring:

Money Savings:

Payback Period:
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Feb- Feb- Feb- Feb- Feb- Feb- Feb- Feb- Mar- Mar- Mar- Mar- Mar- Mar-  Mar- Feb- Feb- Feb- Feb- Feb- Feb- Feb- Feb- Mar- Mar- Mar- Mar- Mar- Mar- Mar-
96 96 96 96 96 % 9 a6 96 96 96 96 96 96 26 96 96 96 96 96 96 96 96 96 96 96 96 96 96 96
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Date / Time & 8 3
oq o
1-Feb-94) 3.16 5.02 3.11
2-Fab-96 2.25 425 -001
3-Feb-96) 0.26 4121 -47
5-Feb-96 -1.05| 3.05] -616
&-Feb-96) -1.16 3,78] -4.M
7-Feb-96 -1.00 4.65] -4.27 \
8-Fab-96 1.38 5.16] -0.83 2.23
9-Fab-96 1.86) 7.26) 0.38 3.49)
12-Feb-96 3.81 7.64 3.16
13-Feb-96 5.84 7.79 5,72
14-Feb-96 &.26 10.34 4.70
15-Fab-96 4,39 13.56) 3.93
16-Feb-96) 4,12 13,25 2.77
19-Feb-96 5.46 14,05 4.32
20-Feb-96 4.65 17.65) 3.16
21-Fab-96| 5.24 19.68 3.93
22-Feb-96 6.38 22.79! 4.70
23-Feb-96 8.25) 22.85 5.84
26-Feb-96 6.35 21,66 5,08
27-Feb-96 7.16) 21.73 6.59
28-Feb-96 7.05) 20.35 5.84
29-Fab-96 8.61 19.64 6,96
1-Mar-96 7.36 19.38 5.84
4-Mar-96) 7.35 18.64 5.84
5 Mar-96 7.34) 19.20] 5.08
&Mar-96) 2.61 20.46) 8.07
7-Mar-26) .35 18.69 4.70
B-Mar-96 7.52 19.35) 5.46
11-Mae-96 4,21 17.69 2.38
12-Mar-96, 4.61 18.73 2.38
13-Mar-96 5.24 21.64 2.77
14-Mar-96 6.02 22,71 4,32
15-Mar-96 .00 22,84 4,70

=

Sheett
®
®
Y6
g Al Density | AlrDensity | Air Density | infitration Infiltration Tem- Tem- Outside Inlet Alr Inlet Al
non per per perature | perature | Tempe From One Per
eatherized| weatherized| Outside Alr | weatherized non non wea- | weathe- rature Broken Broken
room room window | weatherized| therized rzed Window window
pet window | absotute | absolute | absolute | Non weather] Non weather
Dnw Dw Do Gw G nw Tnw Tw To Vb Gb
4 kg /cub.m | kg /cub.m | kg /cub.m kg / hour kg / hour {T) [U)] (U] gtE.m/hou_r_ kg ] hour
1.28 1.28 1.29 0.12 28,50 276,14 278.02 276.11 94.90, 121.95
1.29 1.28 1.30 0.10 21462 276.25) 277.25] 27299 639.10 824.00
1.30 1.28 1.32 0.19] 21,99 273.26) 277.12] 268.29 951.20) 1235.38
1.30 1.29 1.32 0.10 29437 271,95 276,05 267.84 867.08 1131.62
131 1.28 1.32 0.12 2982 27184, 276,78 268.29 806.01 1052.25
2 - 1.30 1.28 1.32 0.12 29.28 27200 277465 268.78 77334 1005.01
A 129 128 130 o1 2169]  2ra38]  27mae] 27207 533,00 818.74
Ly 129 127 130 ol 2159  27a86] 28026 27338 517.55 668.25
1.28 1.26 1.28 [sAA 2137 276.81 280,64 276.16 341.78 438.13
127 1.26/ 1.27 0.10 1943 278.84 280.79 278.72 146,32 186,18/
1,27 1.25 1.28 0.10 19.50 279.26 283,34 277.70 527.16) 669.63
1.28 1.24 1.28 0.09| 17.05 277.39) 286.56 276,93 287.22 367 .40
1.28 1.24 1.29 007 1712 277.12 286.25) 275.77 492,28 63033
127 1.23 1.28 0.06 1702 278.44| 28705/ 277.32 451.29/ 57497
1.28 1.22 1.28 0.06 2137 277 .65 290,65 276.16 51668 660.28
1.28 1.21 1.28 0.05 17.05 278.24 29268, 276.93 483.96 617.104
1.27 119 1.28 0.05 17.00 279.38 296.79 277.70 546.94 694.44
1.26 1.19 1.27 0.05 16.93 281,25 295.85 278.84 652.89] 823.18
1.27 1.20 1.28 0.06 1698 279.35 294.66 278.08 475.66| 40389
1.27 1.20 1.27 0.05 16.88 280.16 294.73 279.59 318.14 402,76
127 1.20 1.27 0.05 16,93 280.05] 293.35 278.84 463,61 687,17
1.26 121 1.27 005 2107 281.41 292,64 279.96 539.88 679.77
1.27 1.2) 1.27 0.05 21.16] 280.36 292,38 278.84 519.33 656.97
127 1.21 127 0.06 2143 280.35 291.64 278.84 517.63 664,85
127 1.21 1.28 0.06 2149 28036 202,20 278.08 636,05 804.63
1.26 1.20 1.26 006 20.98 28261 293.46 281.07 520.65| 683.08
127 1.21 1.28 0.06 17.00 279.35| 20149 277.70 542,00 4$88.33
1.26 1.21 1.27 0.06 28.25 280.52) 292,35 278.46 604.41 764.14
1.28 1.22 1.29 0,04] 17.16 277.21 290.69| 275.38 §73.06 733.62
1,28 1.21 1.29 0.06 14.29 277.61 2178 275.38 632,14 807.94
1.28 1.20 1.29 0.06 14.27 278.24 294,64 275.77 664,54 847.36
1.27 1.19 1.28 0.06 14.19| 279.02 295,71 277.32 550.84 699.96
1.27 1.19] 1.28 0.06) 1417 279.00 295.84 277.70 481.45 612.16
Page 1
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18-Mar-96, 4.92 19.67 5.46
19-Mar-96 8.64 19.82 6,59
20-Mar-96 8.85 19.86) 7.70
21-Mar-94) 10.29 20.53 8.80)
22-Mar-96 8.64 18,32 6.96
25-Mar-96 8.64 18.95 7.33
26-Mat-96, 9.26 21.38 8.43
27-Mat-96) 10.31 21.43 8.80,
28-Mar-94| 10.29 21.46 8.80
29-Mar-95, 10,35 21.43 8.80
< 2320 mm
S

1.27 1.21 127 006 14.13 27992 292.67| 278.46 509.38 64545
1.26 1.21 127 007 14.07 28164 292.82 279.59 601.74 757,57
1.26) 1.2 1,26) 0.06 1201 28185] 20286 280.70 450,63 56675
1,25 1.20| 1.2 005) 11.96) 283.291 29353 28180 511.51 639.97
1.26 121 1.27 005 1226, 281.64 291.32 279.96| 544.74 685.0]
1.26 121 1.27 008| 12.24 281.64 291.95 280.33 48103 605.59
1.26 1.20 1,26 0.05 11.97 28226 294.38 28143 38247 480.39
1.25 1.20 1.26) 006 11.96) 283.31 294.43) 28180 514.92] 444.18
1.25 1.20 1.26) 006 13.95 263.29 29446 281.80] 511.61 639.97
1,25 1.20 1.26) 004 13.95| 28335 29443 28180 521.66 6625
Two windows of the size drawn to the left (weatherzed and non weatherized) were tested
forinfiltration at the Secondary School # 8, The windows are located In the same size
(3.00m x 4.00m yrooms on North  side of the building.
There are 268 windows of this slze and shape at the hospiltal,
There was 73 single glass pane windows, and 35 broken windows.
1750 mm All the missing glass panes were replaced. Windows were caulked and weather-stipped.

For temperature measurements HOBO-XT automatic temperature loggers were used for
the period of 1 February 1996 through 29 March 1996,

For the infitrating air volume measurements special installation was used for the period
of 1 February 1994 through 29 March 1996,

The principe of that installation ks to measure the time during which a very tight sealed
to window bag with known volume s filled by Infiltrating air.

Both rooms and the entire building were heated with kercsene stoves
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(I 4d I H - = -
2 Ba ed O Data = Vo
DatesTme Haat ictses HOOT Kb, Hedl I Hodtiosses Heat 90 leal laq] losses eqt lossas
Pt none D none oerncne Pt broken o losses lossas per per
from 73 from 160 from 35 weaathaized weatherized
window nan non broken window sngle pane
winGow nge pane double pone oy et ar weaneeg weathernzed windows by window
by nfivation sngie oane double pana Infifration by transtere
windows windows
oty per Gy per aoy per day per day per day per day
antnw Qu.aw Qnwi Qnw?2 Qb Qinl.w Qw2
xeol ooy cat ooy xcal doy kcal day keal day kel da keal d 3
1£et00] 305.20) 7887 81223 121342] 276062 922, 1.27 815,57, 763] 130435 26.62 2.80!
2Feb96] 53056 2MS5 175000) 25092é 960040] 1386657] 2. 1867.92] 788611] 120.07 12.81
3Feb06] 111882 81901 384290 523137| 2869684 375712 4.97| 3871.78| 1655372 1017 423.;_3' 45.04]
5+Fob-08 1389.01 73044] 364192 342234 2588024] 3 4, 3599.92 1539143] 9855307| 399, 41.80]
6-Feb-98! 1434.061 T7446] 370443 560356 27108204 3684741 5. 3722.70) 1592142 2055277 419.44 44.04]
7eb-o8] 1sou!l 83005 3998] 588356 2905165 388¢ B8,27) 3911.24 1672777‘ 2216079 452.23 47.
8Feb-8| 748.28] 45548} 24857 3531 1584194 2193739 3.70] 2626.50] 1123091 1070647 218. 22.84]
#Feb-06] 856.65] 55421 26085 405058] 1939727 2627470 4.23 3016.74 1289953] 1337517 272.96] 28,
12£9b96 55150 29060 183850 262652 1017003} 1483606 72) 1964.39) 839058] 6236 127.@_} 13.38
13-Fab-98] 218.12] 838 7RUL 110805 291833} 481077| .14 855.04] 365585| 115491 23.57] 2.47]
14£eb-06] &3.56] «ots8| 200781 321168 1415316} 1963252 30} 2473.03 0573g2| 805900 184.88] 19.41
[ 245,68 83615 377282] 52664¢ 3101539 4005468 5.2! 4222561 805278 220019 449.02 47.15]
18Fob-98] 1063.58} 100778] 410606, 573841 3527216 4511963 4.42 4585.27| 964067, 254760%¢ 519.98] 54.60]
16-Fotr96] 954.12] 80753 351099 531606] 3141356 4054351 3, 4266.41 1823266 2231085 45532 47.81
20Fob-08] 17m.7s| 150850 504025 8501863 5504744 7038932 5.% 6353.58] 27152; 4323698] 882.39)| 9.
21.Fob-98] 154868 175088 817050) 861340] 6268015| 7746405! 4. B506.06] 2950722 4795683 978.71 102.7¢]
2Fob-96) 177140 216508] 708956 988490{ 7580913 8277768 5.30] 7932.10] 3389271 58884 1201.73] 126,18
2-Fobr 6] 1858.58) 197426 ml 928355| 6909908} 8503813 4.96] 7458.54] 3186917, 5316696] 1085.06] 113.83]
26Feb 08 16214 191274 849061 905821] 6694570) 8249260 6.00| 7270.00) 3106853 5142407} 1049.47) 110.19)
27Fob-8] 147211 169838, 592081] 825635] 5830330 7257046 4.43; 6638.59) 26836568, 4420478 802,14 94.72]
Mows} 1414.80 157781 567733 791913{ 5521622 63881268} 4.26] 6362.34 718539 4162729 848.54] 89.20(
29Fob-00f 1539.01 129095 518223 740458 4528831 5767512] 371 5550.83] 2375671 3411841 696.29] 73.11
1 $dar-06] 1850.29 142000] 7917&’ 50046361 6350292 3.97| 5937.02| 2536804} 3813489 775.2_6F 81.72)
4398 |5m.27, 131079) 751734 4619252| 5806063 4. 5612.54] 2398357 3467677| 713.81
5Mar-98] 1748.18] 152430 830050] 5335039 6744673 4.74) 6191.34] 2645726] 4098947 m%
6Mar 6] 149756 124404 722522 4354141 5582577 4.18] 5432.77] 2321568 3261009 665.51
TMar-98 1369.97 150782] 764481 5276682] 65680954) 4.76] 8134.34] 2621392 3967562 809.71
oiar-56) 220047 143565 503052 5200815, 5713488 .07 5080.45] zeoaaml W 53862
11-Mar 9 151211 173570) 6074850) 7514051 .63 6713.13] aﬂsggl 4645143 947.
12040 56| 134509 To0es 852567 6665196) 51%: 61 7169.15] 3063620 5075723 035,66
19-Mar 96 1550.86] 232268 983618 8123307] 98301 .69 8274.12, 6204242 284.54]
14-Mer 06 1502.78) 222100] 957211 7773802] 9428361 6.48] 8063.65) 445844 5683417 221.11
15-Mar-98! 149024 217434 943864 7610205} 9242770 8.58} 854.03| 3309179{ 5843582 1192.57
180 98 1156.28] 153482 738853 5371862| 6649971 4.82 6230.80) 662609 3087362| 813.75}
19-Mar-96 1072.00] 137765 687172 4821761 8010668 s.oéf 5501.09) 2479227 3531441 720.70] 75.67]
20-Mar 98] 8410 121367 808513] 4247840 5306978} 4.09f 5331.92] 2278474 3028504 618.06] 64.90]
21-Mar-96] 807.94 114552] 586458 4009320] 5030223} 3.70] 5143.37 2197798] 2832426} 575.Q§]L 60.60
22096 80231 110645] 422191 571137 3869075] 4962404 3.32 4981.1 2128360] 2734044 557.87 58,
25-Mar-pa] 81953 113956] | 584027 3088476 5004274 3.39) 50951 2177070 2827204] 576,986 80,
26 M08} 69321 |3-:m—5'| 4T 647653 4628495 5755870] 4.07 5678.32 242637 3320401 679.49] 71.35|
27-Mar 96 889.98 127335 487779 631455} 44567 5555973 4.23 5538.00] 23665334 3189449 850.91 68.
28:Mar-98 101732 127768 A70A%0) 656208] 4471‘%{ 5607573 4.24] 5551.1 2372154] 3235421 660.29] 69.
20-Mar-96] 1014.91] 127335| 478383} 854653 44567, 55807! 4.45; 5538, 2366648 32231 €57.78) 69.07]
2368102412 96050685 140051727 28582 3001
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Sheet1

Energy Saved for the period of monitoring:

Conventional Fuel Saved for the period of monitoring:

Money Savings:

Payback Period:

Energy, Fuel, Money Savings Percent:
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Address:

Aigestan Str. 29, #4

Phone:

55-28-81

Chief Administrator:

Marine Hovhannessyan

Deputy Chief Administrator

Jemma Jalalyan
Marietta Bagramyan

Head of Maintenance:

Nvard Petrossyan

Building Operational Capacity: 780
Date of Construction: 1961
Date of the Last Repair 1985

‘Significance:

One of the biggest schools in
Yerevan

Total Number of Rooms:

76

1 ]
Teachers: 90
Administrative: 6
Maintenance: 38

Class rooms:

Laboratory Rooms:

Medical Room:

Kitchen:

Storage Rooms:

Offices:

Maintenance Rooms

Bathrooms & Lavatory

4



Armenia Weatherization Project
Monitoring Data Collected

b RN

+4 C

Temperature inside the building ‘93-'94 +5C +3C +3C +3C
Temperature inside the building ‘94-'95 +5C +3C +3C +3C +6C
b5 Temperature inside the building ‘95-'96 +5GC +11C +15C +18C +22 C
238 Temperature outside the building ‘93-'94 +3C -15C -15C -13C -4C
M Temperature outside the building ‘94-'95 +3C -10C -10C -8C +2C

Temperature outside the building ‘95-

+6C

+2C

+3C

+7C

Power consumption ‘93-'94

1710 kwh

1590 kw/h

no data

3210 kw/h

Power used for heating no data no data no data no data no data

[N Power used for ligting no data no data no data no data no data
SRR Power used for kitchen and laundry no data no data no data no data no data
3 Power used for other purposes no data no data no data no data no data

1 Power consumption ‘94-'95

no data

300 kw/h

no data

140 kw/h

{ Power used for heating no data no data no data no data no data
Power used for ligting no data no data no data no data no data
y Power used for kitchen and laundry no data no data no data no data no data
Power used for other purposes no data no data no data no data no data

ower consumption ‘95-

2700 kw/h

1300 kw/h

no data

1200 kwrh

1200 kw/h

] Power used for heating

no data no data no data no data no data
Power used for ligling no data no data no data no data no data
Power used for kitchen and laundry no data no data no data no data no data
Power used for other purposes no data no data no data no data no data

{ Fuel consumption ‘93-'94

gas none none none none none
wood none none none none none
kerosene no data no data no data no data

Y Fuel consumption  ‘04-'95

gas none none none none none
wood none none.. none none none
disel fuel 150 150 140 150 150

mazut

gas none none none none
wood none none none none none
disel fuel 600 700 400 600 400
mazut none none nons none none
Hours heat supplied per day  ‘94-'95 3 3 3 3 3
i Hours heat supplied per day _ ‘95-'96 none none none none none
Temperature of heat carrier ( supply ) ‘94-'95 no data no data no data no data no data
Temperature of heat carrier (return ) ‘94-'95 no data no data no data no data no data
Temperature of heat carrier ( supply ) ‘95-'96 none none nane none none
Temperature of heat carrier (return ) ‘95-'96 none none none none none
Power consumption limit ‘94-'95 2000 kw/h | 2000 kw/h | 2000 kw/h | 2000 kw/h | 2000 kw/h
Power consumption limit ‘95-'96 2000 kw/h | 2000 kwh | 2000 kwh | 2000 kwh | 2000 kwh
Used power comparing to limit 94-'95 no data 15% no data 30% 7%
Used power comparing to limit _‘95-'96 135% 65% no data 60% 60%




Armenlia Weatherization Project
Monltoring Data Collected

s
38 3
o3

2

r?%)*ﬂ‘&%% N R T
3 VBN 3 SRR KA -w\\\}&\
AL 2 _4:.\,. AR R R

2

5

R
500 mm 500 mm 500 mm 300
N Surface of glazing 237 sq.m 301 sq.m 147 sq.m 174 sq.m none
N Surace of building envelope 1455sq.m | 1339sq.m | 772sq.m | 772 sq.m 2465
¥ Surface of windows covered w/ Astro-Foil none none none none none
Surface of walls insulated none none none none none
£¥M Thickness of insullation none none none none none
Surface of glazing missing 80 sq.m 90 sq.m 40 sq.m 50 sq.m
y Orientation w E N S
Number of windows 108 163 55 63
Average size of windows 2.02 sq.m 1.92 sq.m 2.54 sq.m 2.63 sq.m
3 Average perimeter of window 6.00m 5.82 m 6.32 m 6.45 m
3 Average size of gap between window sash and frame 5 mm 5 mm 5 mm 5 mm
PN Average size of gap between window frame and building 6 mm 7 mm 5 mm 6 mm
Ny Number of exterior doors 3 5 4 4
y_Average size of doors 6.28sq.m | 2.65sqg.m 4.2 sq.m 4.2 sq.m
y Average perimeter of doors 10.6 m 6.86 m 8.8m 8.8m
Average size of gap between door sash and frame 8 mm 7 mm 7mm 7 mm
Y Average size of gap between door frame and building 8 mm 8 mm 8 mm B8 mm

19 | Building material

Tufa, concrele wiufa plates

20 | Number of existing glass panes 2

21 | Type of the roof hip-roof w/attic, fiat roof
22 | Number of fioors 4

23 ] Total volume of the building 30,115 cub. m

24 | Average size of the gaps around windows 6 mm

25 | Heating system

district heating (back up: kerosene stoves)

26 | Type of heating units

radiators (kerosene sloves)

27 | Number of heating units

380 {12 in the year of 1993-94, and 24 in the year of 1994-95)

Total surface area of glass

28 | Efficiency of heating units 60% (20%)
29 | R- Value of wall material 0.78

30 | U- Value of wall material 1.3

31 | R- Vaiue of roof material 0.55

32 | U-Value of roof material 1.8

33 | Area of one floor 2,465 sqg.m
34 | Total floor area 12,325 sq. m
35 | Total surface of the building 6,804 sq. m
36 | Total surface area of exterior doors 67 sq.m

37

859x2=1718 sq.m

Data Collected by: Hovik Chibukhchyan, Gagik Karapetyan

Data Provided by:
Date: Sept. 1995

Q'



5_1{yp.ical Win

Secondary School # 20

Sheet1

Alr Dansity | Air Density | Infillration Infithration Tem- Tem Qutside inlet Alr Intet Alr
non per per perature | perature { Tempe From One Per
: eatherized weatherized| Qutskle Al | weatherized non non wea-| weathe- | rature Broken Broken
zed - therized room room window | weatherized| therized rized Window Window
; i use : perwindow | absolute | absolute | absolute | Non weather | Non weather
to Dnw Dw Do Gw G nw Tnw Tw To vb Gb
} kg / cub.mj kg/cub.m | kg/cubm!| kg/ hour kg / hour {N (U] m cub.m/hout kg / hour

2/1/96 0:57 5 5 5 J 2 1.28 1.28 1.28| 0.08 0.43 278 278 276,14 573.81 732,32
2/2/96 0:57 5 5 5 -0.01 0.04 0.34 1.28 1.28 1.30) 0.06 0.44 278 278 272.99) 946.84 1208.41
2/3/96 0:57 5 5 5 -4.71 0.04 0.25 1.28 1.28 1.32 0.06) 0.33 278 278 268.29 1318.16 1682.30]
2/4/96 0:57 5 5 5 -5.16 0.04 0.34 1.28 1.28 1.32 0.06/ 0.45) 278 278 267.84 1348.36) 1720.84
2/5/96 0:57 5 5 5| -4.71 0.06) 0.34 1.28 1.28 1.32 0.08 0.44 278 278 268,29 1318.16 1682,30
2/6/94 0:57 5 5 5 -4.27 0.06) 0.34] © 1.28 1.28 1.32 0.08 0.44 278 278 268.73 1287.95 1643.74
2/7/96 0:57 5| 5 5 -0.83 0.05 0.34 1.28 1.28 1.30 0.07 0.44 278 278| 27217 1021.39 1303.55]
2/8/96 0:57 18 18 18] *  0.38 0.05| 0.34 1.21 1.21 1.30 0.07|: 0.44 291 291 273.38 1735.565 2107.83
2/9/96 0:57 18] 18 18 3.16 0.05) 0,25 1.21 1.21 1.28 0.07 0.32] 291 291 276.16 15692.76 1934.41
2/10/96 0:57 18 18 18 5.84 0.04 0.25 1.2 1.21 1.27 0.06 0.32 291 291 278.84 1441.79) 1751.05|
2/11/96 0:57 18 18 18 4.7 0.03] 0.20 1.21 1.21 1,28, 0.04 0.26 291 291 277.7 1507.86 1831.29
2/12/94 0:57| 18 18 18 3.93 0.03 0.20' 1.21 1.21 1.28 0.04 0.26) 291 291 276.93 1550.89 1883.56
2/13/96 0:57 18 18 18 2.77 0.02 0.25 1.21 1.21 1.29 0.03 0.32 291 291 275.77 1613.56 1959.66|
2/14/96 0:57 18 18 18 4.32 0.02 0.25 1.21 1.21 1.28 0.03 0.32 291 291 277.32 1529.25 1867.27
2/15/96 0:57 18 18 18 3.16 0.01 0.08 1.21 1.21 1.28 0.02 0.10] 291 291 276,16 1592.76 1934.41
2/16/96 0:57 18 18, 18 3.93 0.04 0.08 1.21 1.21 1.28 0.05] 0.10 291 291 276,93 1550.89 1883.56,
2/17/96 0:57 18 18 ' 18 4.7 0.02 0.06 1.21 1.21 1.28 0.02 0.07] 291 291 277.7 1507.86 1831.29
2/18/96 0:57 18 18 18 5.84 0.02 0.06 1.21 1.21 1.27 0.02 0.07 291 291 278.84 1441.79 1751.05)
2/19/96 0:57 18 18 18 5.08 0.02] 0.14 1.21 1.21 1,28 0.02 0.18 291 291 278.08 1486.16 1804.94
2/20/96 0:57 18 18 18 6.59 0.02 0.17 1.21 1.21 1.27 0.02 0.21 291 291 279.59 1396.62 1696.19
2/21/96 0:57 18 18 18 5.84 0.03 0.20}) 1.21 1.21 1.27 0.03 0.26 291 291 278.84 1441.79 1761.05
2/22(96 0:57 18 18 18 6.96 0.03| 0.17 1.21 1.21 1.27 0.03 0.21 291 291 279.96 1373.78 1668.46
2/23/96 0:57 18 18 18 5.84 0.02 0.14 1.21 1.21 1.27 0.02 0.18 291 291 278.84 1441.79 1751.05
2/24/96 0:57 18 18 18 5.84 0.03 0.14 1.21 1.21 1.27 0.03 0.18 291 291 278,84 1441.79 1751.05
2/25/96 0:57 18 18 18 5.08 0.03 0.13 1.21 1.21 1.28 0.04 0.17 291 291 278.08 1486.16 1804,94
2/26/96 0:57 18 18 18 8.07 0.03 0.14 1.21 1.21 1.26 0.04 0.18 291 291 281.07 1302.89 1582.34
- 2/27/96 0:57 18 18 18 4.7 0.03 0.13 1.21 1.21 1.28 0.04 0.16 291 291 277.7 1507.86, 1831.29
2/28/96 0:57 18 18 18 5.46 0.03 0.11 1.21 1.21 1.27, 0.03 0.14 291 291 278.46 1464.14 1778.20

Page 1




Sheet1

V]

2/29/96 0:57 18 18 IBI 2,38 0.03 0.11 1.21 1.21 1.29 0.03 0,15 291 291 275.38 1634.09) 1984.60
3/1/96 0:57 18 18 18, 2,38 0.02 0.10f 1.21 1.21 1.29 0.03 0.13 291 291 276,38 1434.09 1984.60
3/2/96 0:67 18 18 18 2.77 0.02 O.IOI 1.21 1.21 1.29) 0.03) 0.13 291 291 275,77 1613.56] 1959.66
3/3/96 0:57 18 18 18 4.32 0.03 O.lOl 121 1.2] 1.28 0.03) 0.13 291 291 277.32 1529.25 1857.27
3/4/96 0:57 18 18 18 4.7 0.02 0.09 1.21 1.21 1.28) 0.03) 0.12 291 291 277.7 1507.86) 1831.29
3/5/96 0:57 18 18 18 5.46 0.03 0.13 121 1.21 1.27, 0.04 0.16! 291 291 278.46 1464.14 1778.20
3/6/96 0:57 18 18 18 6.59 0.03 0.13 1.21 1.21 1.27 0.04 0.16 291 291 279.59 1396.62 1696.19)
3/7/96 0:57 18 18 18 7.7 0.03/ .13 1.2 1.21 1.26) 0.04 0.16] 291 291 280.7 1326.94 1611.57
3/8/96 0:57 18 18, 18¢ 8.8 0.03 0.13 1.21 1.21 1,26 0.03 0.14 29] 291 281.8 1254.09 1523.09
3/9/96 0:57 18 18 18 6.96) 0.03 0.09 1.21 1.21 1.27 0.03 0.11 291 291 279.96) 1373.78 1668.46
3/10/96 0:57 18 18 18] 7.33 0.03 0.09 1.21 1,21 1.27 0.04 0.11 291 291 260,33 1350.57 1640.26
3/11/96 0:57 18 18 18 8.43 0.03| 0.09) 121 1.21 1,24 0.03 0.11 291 21 281.43 1279.06 1553.42
3/12/96 0:57 18 18 18 8.8 0.03 0.11 1.2 1.21 1,26 0.03 0.14 21 291 281.8 1264.09 1523.09
3/13/96 0:57 18 18 18 8.8 0.03] 0.09 121 1.21 1.26 0.03 Q.11 291 291 281.8 1254.09] 1523.09
3/14/96 0:57 18 18 18 8.8 0.03 0.09 1.21 1.21 1.26) 0.03 0.11 291 291 281.8 1254.09 1623.09
3/15/96 0:57 18 18, 18,710.24 0.02 0.10 1.2 1.21 1.25 0.02 0.12 291 291 283.24 1151.77 1398.82
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Sheet3

2econaas o i ‘
< > 0 ats = D . - =
Date / Time Heat losses Heat losses Heot losses Heat losses Heat Heat Heat Heat losses Heat losses e ong e
pernone per none pernone pet broken iosses losses lossas per per aving q
from &6 from 271 trom 42 weatherkzed | weatherked e aved
wedatherzed | weatherzed | weatherzed window non non broken window single pane eriod o0 period
window single pane | double pane by inlet air weatherzed | weatherzed windows by windaw onitoring o
by infiltration window window single pane | double pane infitration by transtere v oring
by transfere | by transtete windows windows g
per day perday perday per day perday pef day perday per day per day perda da erda
Qinf. nw Q tr. nwl Q. nw2 Qb nw Qnwi Qnw 2 Qb Qint. w Q. w2 delta @ B
kcal day kcal day kcalday kcal day kcal day kcal day kcalday 2 3 kcalday keaiday alda g/da da
1-Feb-96 4.58 488.85 271.58 7761.46 32566.19 74839.34 325981.18 433386.71 0.82 488.85 209090.70 224296.00 45.77 4.81
2-Feb-96 12.61 1331.06 739.48 34871.70 88681.71 203814.08] 1464611.29 1757107.07 1.64 1331.06 569060.98 1188046.09 242 46 25,48
3-Feb-96 18.64 2579.75 1433.20 9409041} 171493.78] 393446.98] 3951797.05 4516737.81 3.23 2579.75 1102933.90 3413803.92 696,69 73.15
4-Feb-96 26.04 2699.,31 1499.62] 100706.40] 179873.30] 413453.91| 4229668.69 4822995.89 3.39 2699.31 1154050.57 3668945,32 748.76 78.62
5Feb-96 24.85 2579.75 1433.20 94090.41] 171903.82f 395130.60| 3951797.05 4518831.47 475 2579.75 1103581.93 3415249.53 696.99 73.18
6-Feb-96 23.69 2462.85 1368.25 87767.98] 164111.687| 377215.44] 3686255.12 4227582.24 4.53 2462.85 1053571.04 3174011.20 647.76 68.01
7-Feb-96 14.71 1548.91 860.51 43774.31] 103199.38| 237184.78] 1838521.11 2178905.26 2.39 1548.91 662408.07 1516497.20 309.49 32.50
8-Feb-96 4427 4681.28 2600.71] 213925.73] 311886.39] 716790.07] 8984880.63 10013557.09 7.20 4681.28 2001981.26 8011575.83 1635,02 171.68
9-Feb-96 27.68 3942.69 2190.38] 165350.31| 262044.46| 601095,18{ 6944713.07 7807852.71 6.00 3942.69 1686091.82 6121760.89 1249.34 131.18
10-Feb-96 22.46 3230.67 1794.82| 122646.32| 214706.24| 492480.71 5151145.51 5858332.46 3.89 3230.67 1381157.62 4477174.84 913.71 95.94
11-Feb-96 19.73 3533.54 1963.08] 140291.59] 234516.26] 53734222 5892246.64 6664105.12 3.21 3533.54 1510192.49 5153912.63 1051.82 110.44
12-Feb-96 20.93 3738.12 2076.73| 152649.47| 248097.46| 6568467.70] 6411277.90 7227843.06 3.40 3738.12 1597628.83 5630214.23 1149.02 120.65
13-Feb-96 28.45 4046.31 2247.95) 171911.14| 268933.78] 616903.26] 7220267.88 8106104.91 2.57 4046.31 1728869.94 6377234.97 1301.48 136.66
14-Feb-96 25.41 3634.50 2019.17| 146346.83| 241553.98| 55407965 6146566.74 6942200.37 2.29 3634.50 1552912.34 5389288.04 1099.85 115.48
15-Feb-96 8.86 3942.69 2190.38] 165350.31| 260802.21 595994.42| 6944713.07 7801509.70 1.61 3942.69 1684216.37 6117293.33 1248.43 131.08
16-Feb-96 8.37 3738.12 2076.73] 152649.47| 247268.44| 565063.71| 6411277.90 7223610.04 4.28 3738.12 1598004.68 5625605.36 1148,08 120.55
17-Feb-96 5.64 3533.54 1963.08f 140291.59| 233586.01 533522551 5892246.64 6659355.19 1.59 3533.54 1509504.04 5149851.15 1050.99 110.35
18-Feb-96 5.13 3230.67 1794.82| 122646.32] 213562.91|. 487786.,13] 5151145.51 5852494.54 1.63 3230.67 1380190.53 4472304.01 912.72 95.84
- 19-Feb-96 13.67 3432.59 1906.99] 134322.24] 227453.05| 520500,13| 5641534.21 6389487.39 1.74 3432.59 1466457.10 4923030.29 1004.70 105.49
20-Feb-96 14.01 3031.41 1684.12] 111476.32| 200997.51 460191.60| 4682005.53 5343194.63 1.60 3031.41 1295095.15 4048099.49 826.14 86.74
21-Feb-96 17.96 3230.67 1794.82| 122646.32] 214409.82] 491263.60[ 515114551 5856818.93 2.25 3230.67 1380454.45 4476364.48 913.54 95.92
22-Feb-96 13.53 2933.11 1629.50] 106098.14| 194478.38| 445263.56| 4456121.93 5095863.87 2.03 2933.11 1253303.69 3842560.18 784.20 82,34
23-Feb-96 12.83 3230.67 1794.82| 122646.32] 214071.05] 48987261 515114551 5855089.17 1.39 3230.67 1380089.18 4475000.01 913.27 95.89
24-Feb-96 12.83 3230.67 1794.82| 122646.32] 214071.05] 489872.61 5151145.51 $5855089.17 2.45 3230.67 1380541.62 4474547.55 913.17 95.88
25-Feb-96 12.31 3432.59 1906.99| 134322.24| 227362.81 520129.60f 5641534.21 6389026.62 2.83 3432.59 1466921.50 4922105.11 1004.51 105.47
-26-Feb-96 10.39 2638.20 1465.67 90506.14] 174807.20] 400012.13| 3801257.84 4376077.16 2.15 2638.20 1127430.11 3248647.05 662.99 §9.61
27-Feb-96 12.33 3533.54 1963.08| 140291.59| 234027.88] 535336.89| 5892246.64 6661611.40 2.69 3533.54 1509972.27 5151639,14 1051.35 110.39
28-Feb-96 10.44 3331.63 1850.90f 128440.05] 220576.16] 6504423,08| 5394482.15 6119481.38 2.42 3331.63 1423638.11 4695843.28 958.34 100.63
29-Feb-96 13.15 4149.92 2305.51| 178556.52| 274762.61 628356.92| 7499373.78 8402493.30 2.92 4149.,92 1773264.14 §629229.16 1352.90 142.05
1-Mar-98 11.69 4149.92 2305.51] 178556.52] 274666.19] 627961.01 7499373.78 8402000.98 2.79 4149.92 1773209.90 6628791.08 1352.81 142.05
2-Mar-96 11.38 4046.31 2247.95] 171911.14] 267807.24| 612277.65] 7220267.88 8100352.77 2.61 4046.31 1728886.33 637 1466.44 1300.30 136.53
3-Mar-96 10.16 3634.50 2019.17f 146346.83| 240547.89] 549948.58| 6146566.74 6937063.21 2.65 3634.50 1553064.54 5383998.66 1098.78 115.37
4-Mar-96 8.88 3533.54 1963.08] 140291.89] 233799.96| 534401.07{ 5892246.64 6660447.67 2.06 3533.54 1509700.98 5150746.69 1051.17 110.37
5-Mar-96 11.60 3331.63 1850.90|1 128440.05] 220652.69| 504737.31 5394482.15 6119872.15 3.01 3331.63 1423892.13 4695980.02 958.36 100.63
6-Mar-96 10.51 3031.41 1684.12] 111476.32| 200766.38| 459242.56] 4682005.53 5342014.46 2.73 3031.41 1295577.93 4046436.53 825.80 86.71
7-Mar-96 9.44 2736.50 1520.28 95611.47] 181232.60] 414555.34| 4015681.80 4611469.75 2.46 2736.50 1169535.74 3441934.01 702.44 73.76
8-Mar-96 8.40 2444 .26 1357.92 80711.59] 161875.36| 370272.99| 3389886.81 3922035.16 1.83 2444 .26 1044479.98 2877555.18 587.26 61.66
9-Mar-96 7.31 2933.11 1629.50| 106098.14] 194067.46] 443576.29| 4456121.93 5093765.68 2.12 2933.11 1253341.38 3840424.30 783.76 82.29
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Sheet3
1 O-Mar-éﬁg’f“ 7.05 2834.81 | 1574.89] 100809.35) 187562.74] 428707.40] 4233992.50 4850262.65 2.32 2834.81 1211450.82 3638811.83 742.61 77.97
11-Mar-96 5.95 2542.56| 1412.53 856290.24] 168201.55| 384408.82] 3596427.93 4149038.30 1.91 2542.56 1086487.38 3062550.93 625.01 65.63
12-Mar-96 7.56 2444.26[ 1357.92 80711.59] 16181991} 370045.32] 3389886.81 3921752.04 1.68 244426 1044414.76 2877337.29 587.21 61.66
13-Mar-96 5.71 2444.26 1357.92 80711.59] 181697.93| 369544.45| 3389886.81 3921129.19 1.75 2444.26 1044445.95) 2876683.24 587.08 61.64
14-Mar-96 5.71 2444.26 13567.92 80711.59| 161 697.93[ 369544.45] 3389886.81 3921129.19 1.68 2444.26 1044414.76 2876714.44 587.08 61.64
15-Mar-96 5.45 2061.68 1145.38 62524.00] 136430.23] 311873.26] 2626007.96 3074311.45 1.09 2061.68 880799.33 2193512.12 447 .66 47.00
247983389.33 11558 135730.60 58006316.30 189977073.03 38770.83 4070.94
Energy Saved for the period of monitoring:
189977073
Conventional Fuel Saved for the period of monitoring:
j
‘ 38770.83
$4,071
-4 3.5638427
Energy, Fuel, Money Savings Percent:
E
.
=
4
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Sheet1

Air Density | Ailr Dansity infitration Infitration Tem- Tem Outside Intet Alr Inlet Air
non per per perature | perature | Tempe From One Per
weatherized | weatherized | Outside Ar | weatherized non non wea-| weathe- rature Broken Broken
room room window weatherized | therized rized Window window

pet window | absolute | absolute | absolute | Non weather | Non weather

Dnw Dw Do Gw G nw Tnw Tw To vb Gb

i kg / cub.m kg / cub.m | kg/cub.m kg / hour kg / hour (0] M M cub.m/hour kg / hour
2/1/96 0:57 3.86) 5.89 4,39 3.16 0.0604 0.336 1.28 1.27 1.28) 0.08 0.43] 277.39 278.89 277.39 517.26 662.96
2/2/96 0:57 2.13 4.76 2.85) -0.01 0.04368 0.334) 1.29] 1.28 1.30 0.06 0.44 275.85 277,76 275.85 584.87 754.42
2/3/96 0:57 -1.23 419 -0.68 4,71 0.04368 0.252 1.31 1.28 1.32 0.06 0.33 272.32 277.19 272,32 934,88 1220.81
2/4/96 0:57 -1.38 4.01 -0.98 -5.16 0.04368 0.336) 1.31 1.28 1.32 0.06 0.45 272.02 277.01 272.02 946.64 1236.83
2/5/96 0:57 -1.21 4.38 0,78 -4,71 0.0642 0.336! 1.31 1.28 1.32 0.08 0.44 272.22 277.38 272.22 961.98 1256.11
2/6/96 0:57 -1.02 4.49 -0.53 4,27 0.0642 0.336 1.30 1.28 1.32 0.08 0.44 272.47 277.49 272.47 948.66 1237.85
2/7/96 0:67 0.79 4.92 1.38 -0.83 0.05464 0,336 1.30 1.28 1.30 0.07 0.44 274.38 277.92 274.38 796.02 1031.84
2/8/96 0:57 1.81 5.34 2,35 0.38 0.05464 0.336) 1.29 1.27 1.30] 0.07 0.44 275.35 278.34 275.35 731.02 944.04
2/9/96 0:67 4.35 7.83 4.73 3.16 0.05464 0.252 1.28 1.26 1.28) 0.07, 0.32 277.73 280.83 277.73 741.04 948.04
2/10/96 0:67 6.46 10.24 6.64 5.84 0.04368 0,252 1.27 1.25 1.27 0.06 0.32 279.64 283.24 279.64 795,16 1009.31
. 2/11/96 0:57 5.32 9.84 9.04 4.7 0.03276 0.2016 1.27 1.25 1.28 0.04 0.25 282.04]: 282.84 282.04 375.11 478.16
2/12/96 0:57 5.21 12,89 8.92 3.93 0.03276 0.2016 1.28 1.24 1.28 0.04 0.26 281.92 285.89) 281.92 831.14 1059.92
2/13/96 0:57 3.82 14.61 7.87 2.77 0.02276 0.252 1.28 1.23 1.29 0.03 0.32 280.87 287.61 280.87 1079.71 1384.04
2/14/96 0:57 4.69 17.59 9.64 4.32 0.02276 0.252 1.28 1.22 1.28) 0.03 0.32 282.64 290.59 282.64 1166.61 1490.60
2/15/96 0:57 4.86 19.21 9.58 3.16] 0.01465264 0.08064 1.28 1.21 1.28! 0.02 0.10 282.58 292.21 282,58 1280.40! 1634.96
2/16/96 0:57 5.67 20.68! 9.86 3.93] 0.041236364 0.08064 1.27 1,20 1.28 0.05 0.10 282.86 293.48 282.86 1353.81 1723.49
2/17/96 0:57 6.59 22.67 11,08 4.7 0.016288 0.0576 1.27 1.19 1,28 0.02 0.07 284.08 295.67 284.08 1390.63 1764.28
2/18/96 0:57 7.73 23.08 11.67 5.84 0.018264 | 0.0576 1.26| 1.19 1.27 0.02 0.07 284.67 296.08! 284.67 1384.58 174912
2/19/96 0:57 7.26 21.31 10.84 5.08] 0.018327273 0.144 1.27 1.20 1.28 0.02 0.18 283.84 294.31 283.84 1330.31 1683.52
2/20/96 0:67 8.08 21.35 12,06 6.59 0.0192 0.168 1.26 1.20 1.27 0.02 0.21 285.06 294.35 285.06 1253.02 1580.83
2/21/96 0:57 7.38 19.34 11.38 5.84 0.0252 0.2014 1.26 1.21 1,27 0.03 0.26 284.38 292.34 284,38 1163.84 147219
2/22/96 0:57 8.64 20.36 12,83 6.96 0.0252 0.168 1.26 1.20 1.27 0.03 0.21 285.83 293.36) 285.83 1130.00 1422.62
2/23/96 0:57 8.35 20.73 12,23 5.84 0.0156) 0.144 1.26 1.20 1.27 0.02 0.18 285.23 293.73 285.23 1199.82 1512,18
2/24/96 0:57 8.4 21,82 11.94 5.84] 0.027490909 0.144 1.26 1.20 1.27 0.03 0.18 284.94 294.82 284.94 129116 1626.99
2/25/96 0:67 6.31 21.74 11,02 5,08] 0.029781818 0.1296 1.27 1.20 1.28 0.04 017 284.02 294.74 284.02 1345.11 1708.33
2/26/96 0:67 8.73 23,81 11.86 8.07] 0.029781818 0.144 1.26 1.19 1.26) 0.04 0.18 284.86 296.81 284.86 1415.22 178111
2/27/96 0:57 7.05 22.79 10.53 4,71 0.027490909 0.126 1.27 1.19 1.28 0.04 0.16 283.53 295.79! 283,53 1435.93 1818.63
2/28/96 0:57 7.39 20.46 10.94 5.46) 0.026295652 0.1134 1.26 1.20 1.27 0.03 0.14 283.94 293.46 283.94 1270.35) 1606.87
2/29/96 0:57 4.92 20.16 10.35) 2.38 0.0252, 0.1134 1.28 1.20 1.29) 0.03 0.15 283.35 293.16 283.35) 1290.22 1647.13
3/1/96 0:57 4.98 21.82 9.00 2.381 0.024104348 0.1008 1.28 1.20 1.29 0.03 0.13 282 294.82 282 1470.77 1877.22
3/2/96 0:57 5.11 22.97 9.00 2.77 0.0231 0.1008 1.28 1.19 1.29 0.03 0.13) 282 295.97 282 15632.34 1954.85
3/3/96 0:57 6.59 23,03 11.00 4.32] 0.026295652 0.1008 1.27 1.19) 1.28 0.03 0.13 284 296.03 284 1421.82 1803.86
3/4/96 0:57 7.05) 21.97 11.00 4.7 0.021 0.09072 1.27 1.20 1.28) 0.03 0.12 284 294.97 284 1360.18 1722.68
3/6/96 0:57 7.94 22.05) 11.96 5.46 0.03276 0.126 1.26 1.20 1.27 0.04 0.16 284.96 295.05) 284.96 1304.30] 1646.40
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1

3/6/96 0:57 8.82 19.86] 12,47 6.59 0.03276 0.126 1.26 1.21 1.27 0.04 0.16]  285.67] 292.88]  285.67 1105.13 1390.38]
3/7/96 0:57 9.67 2034 1384 7.7 0.03276 0.126 125 1.20 1.26 0.04 0.16] 286.84] 293.34] 28684 1049.91 131666
3/8/96 0:567 10.72]  21.54] 14.35 8.8] 0027490909 0.126 1.25 1.20 1.26 0.03 016] 287.35] 294.84] 287,35 1101.98 1376.46
3/9/96 0:57) 9.61 21.25]  13.05 6.96] 0.026295652 0.09072 125 1.20 1,27 0.03 0.01]  286.05] 29425 286.05 1177.41 1476.89
3/10/96 0:57 9.81 21.35] 13.28 7.33] 0.029781818 0.09072 125 1.20 1.27 0.04 0.1 286281 294.35| 286,28 1147.85 1463.78
3/11/96 0:57 10.23 232  14.36 8.43] 0.027490909| 0.08568 125 1.19) 1,26 0.03 00|  287.36]  296.2] 287.36 1218.47 1624.80

3/12/96 0:57 10.28]  2356] 14.49 8.8 0.0252 0.1134 1.25 1.19 1,26 0.03 0.14]  287.49] 296.56] 287.49 123347 1543.28]
3/13/96 0:57 10.21 2331 1448 8.8] 0.026295452 0.08568 1.25 1,19 1.26 0.03 011 287.48] 298.31] 287.48 1217.55 1523.77

3/14/96 0:57 1149  24.06] 15.35 8.8 0.0252 0.08568 1.25 1.19 1.26 0.03 011 28835] 297.08] 288.35 1207.72 1504.13]

3/15/96 0:57 1217 23.38] 1607 10,24 0.0194 0.0974 124 1.19 1.25 0.02 012] 289.17] 29638] 28937 1098.59 1364.66)
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BCONAs ele ! U
= = 0 Baseqdq O i 2 Datéd = 9 0
Date / Time Heat losses Heatlosses | Heatlosses | Heat iosses Heat Heat Heat Heat losses | Heat losses erg entiona one
per none per none pernone | perbroken losses losses losses perl per aving e aving
from 73 from 160 from 36 weathetized | weatherized e aved =
weatherized | weatherized | weatherized window non non broken window single pane period 0 perod
window single pane |double pane| by inlet air | weatherized | weatherized windows by window onitoring pefio o
by infilttration window window single pane |double pane infitration | by transtere v onitoring
by transtere | by transtere windows windows onitoring
per day pet day pet day per day per day per day perday per day per day per dd perda perda
Qint. nw Q. nwl Qi nw2 Qb.nw Qnwl Qnw2 Qb Qinf. w Qfr. w2 delta @ B
kcal day kcalday kealday kcalday kcal day kcal day kcal day keal day keal day alda o/da do
 1-Feb-96 3.06 326.79 181.55] 4686.91] 21769.79| 50028.47 197270.08 269068.35 0.55 326.79] 139772.59 129295.76 26.39 2.77
2-Feb-96 7.20 759.84 422.14] 12428.00] 50624.69| 116348.95 521975.89] 688949.54 0.94 759.84| 324853.18 364096.36 74.31 7.80
3-Feb-96 7.74 1070.69 594.83] 28338.36| 71176.10| 163294.68] 1190211.05] 1424681.83 1.34 1070.69| 457757.32 966924.51 197.33 20.72
4-Feb-96 10.72 1110.54 616.97| 29778.97| 74002.99| 170102.10] 1250716.73] 1494821.82 1.39 1110.54] 474796.40f 1020025.42 208.17 21.86
5-Feb-96 10.06 104412 580.07| 28434.28| 69575.90| 159924.12| 1194239.59] 1423739.61 1.92 1044.12] 446660.87 977078.75 199.40 20.94
6-Feb-96 9.56 993.64 552.02] 26666.24] 66211.18| 152188.32| 1119982.27| 1338381.78 1.83 993.64] 425065.34 913316.44 186.39 19.57
7-Feb-96 5.58 587.15 326.20| 13134.85{ 39120.18| 89910.62 551663.65 680694.35 0.91 587.15] 251101.51 429592.84 87.67 9.21
8-Feb-96 4.95 523.39 290.77| 10712.20{ 34870.39] 80140.55 449912.50 564923.44 0.80 523.39] 223831.05 341092.39 69.61 7.31
9-Feb-96 2.93 417.12 231.73| 8573.28] 27723.03| 63592.95 360077.77| 451393.76 0.63 417.12| 178380.33 273013.42 55,72 5.85
10-Feb-96 1.48 212.54 118.08 4650.89 14125.41 32400.05 195337.57 241863.03 0.26 212.54 90865.63 150997.40 30.82 3.24
11-Feb-96 6.44 1153.05 64058 11953.24] 76526.36| 175343.25 502036.10f 753905.71 1.05 1153.05| 492799.65 261106.06 53.29 5.60
12-Feb-96 7.42 1325.74 736.52| 30464.61| 87989.08] 201610.08] 1279513.67| 1569112.83 1.21 1325.74] 566607.52| 1002505.31 204.59 21.48
13-Feb-96 9.53 135497 752.76| 40657.45| 90056.62| 206579.55] 1707613.05| 2004249.22 0.86 1354.97] 578938.72( 1425310.50 290.88 30.54
14-Feb-96 9.88 1413.42 785.23] 45676.68| 93937.66| 215475.42] 1918420.64| 2227833.72 0.89 1413.42f 603910.35{ 1623923.36 331.41 34.80
15-Feb-96 3.83 1705.67 947.59] 60459.67} 112826.83| 257835.86] 2539306.09| 2909968.78 0.70 1705.67) 728616.52] 218135227 44517 46.74
16-Feb-96 3.53 1575.48 875.27| 58868.87| 104214.77| 238154.07| 2472492.60} 2814861.44 1.80 1575.48| 673501.62| 2141359.82 437.01 45.89
17-Feb-96 270 1695.04 941.69| 64835.33| 112051.03| 255930.37| 2723083.96| 3091065.36 0.76 1695.04] 724107.95f 2366957.40 483.05 50.72
18-Feb-96 2.46 1548.91 860.51| 58736.82| 102390.77| 233864.56] 2466946.62| 2803201.85 0.78 1548.91 661719.64| 2141482.31 437.04 45.89
19-Feb-96 6.10 1530.32 850,18 55855.22| 101403.22{ 232049.59] 2345919.16] 2679371.97 0.78 1530.32| 653776.54] 2025595.43 413.39 43.41
20-Feb-96 6.72 1453.27 807.37| 49807.51| 96359.02| 220617.71 2091915.60| 2408892.33 0.77 1453.27| 620873.83] 1788018.49 364.90 38.31
21-Feb-96 8.18 1471.87 817.70] 46978.26] 97683.42| 223815.82] 1973087.07| 2294586.31 1.02 1471.87] 628924.15| 1665662.16 339.93 35.69
22-Feb-96 7.20 1559.54 866.41] 48100.57| 103404.72] 236747.92| 2020223.90| 2360376.54 1.08 1559.54| 666385.20f 1693991.34 345.71 36.30
23-Feb-96 6.74 1697.70 943,16 55657.82| 112492.93| 257424.83| 2337628.31| 2707546.07 0.73 1697.70| 725227.78] 1982318.29 404,55 42.48
24-Feb-96 6.44 1620.65 900.36f 57166.02{ 107387.62| 245742,02f 2400973.01| 2754102.65 1.23 1620.65| 692541.44| 2061561.21 420.73 44,18
25-Feb-96 5.66 1578.14 876.74] 58449.47{ 104530.58| 239130.79] 2454877.66| 2798539.03 1.30 1578.14] 674420.57 2124118.46 433.49 45.52
26-Feb-96 3.97 1006.93 559,40| 38882.26| 66718.86] 152673.31 1633054.82| 1852447.09 0.82 1006.93] 430308.17| 1422138.92 290.23 30.47
27-Feb-96 5.41 1548.91 860.51| 61070.95] 102585.15| 234662.71 2564979.85| 2902227.71 1.18 1548.91 661890.10] 2240337.62 457.21 48.01
28-Feb-96 4.56 1455.93 808.85| 50720.44| 96392,13| 220433.69] 2130258.67| 2447084.49 1.06 1455,93| 622132,12| 1824952.37 372.44 39.11
29-Feb-96 6.71 2117.47 1176.37] 75615.12| 140195.77{ 320614.89 3175835.11| 3636645.77 1.49 2117.47| 904796.11| 2731849.67 557.52 58.54
1-Mar-96 4.95 1758.80 977.11| 71580.50{ 116407.82| 266139.69) 3006381.18] 3388928.68 1.18 1758.80] 751514.05] 2637414.63 538.25 56.52
2-Mar-96 4.65 1655.19 919.55| 70149.32] 109549.52| 250458.95] 2946271.41} 3306279.87 1.07 1655.19] 707220.08( 25990589.79 530.42 55.69
3-Mar-96 4.96 1774.74 985.97| 69406.90] 117460.52| 268542.14] 2915089.74| 3301092.40 1.29 1774.74] 758367.77] 2542724.62 518.92 54.49
4-Mar-96 4.21 1673.78 929.88{ 62512.60| 110747.35] 253137.35] 2625529.19 2989413.89 0.97 1673.78] 715121.52| 2274292.37 464.14 48.73
5-Mar-96 6.01 1726.92 959.40] 61641.29} 114373.40| 261626.20| 2588934.02| 2964933.62 1.56 1726.92| 738062.11] 2226871.51 454.46 47,72
6-Mar-96 5.60 1615.33 B897.41| 48692.05| 106981.56| 244714.70] 2045065.94] 2396762.19 1.46 1615.33] 690369.31] 1706392.88 348.24 36.57
7-Mar-96 5.63 1631.28 906.26| 46565.41| 108035.75| 247123.28] 1955747.35] 2310906.37 1.46 1631.28] 697179.56| 1613726.82 329.33 34.58
Page 1




Sheet3

10-Mar-96 3.93 1580.80 878.22] 50166.69] 104592.16] 239063.64] 2107000.80] 2450656.60 1.29 1580.80] 675551.30] 1775105.30 362.27 38.04
11-Mar-96 3.69 1575.48 875.27] 52082.30] 104225,20f 238196.90] 2187456.79] 2529878.89 1.18 157548} 67323617 1856642.72 378.91 39.79
12-Mar-96 4.68 1511,72 839.84| 50580.03| 100082.10] 228864.99] 2124361.28] 2453308.37 1.04 1511.72| 845947.82] 1807360.54 368.85 38.73
13-Mar-96 3.53 1509.06 838.37] 49852.90] 99830.90| 228153.53| 2093821.65| 2421806.08 1.08 1509.06] 644831.85] 1776974.23 362.65, 38.08
14-Mar-96 4.07 1740.20 966.78| 56747.68| 115121.90] 263099.58] 2383402.70| 2761624.19] 1.20 1740.20f 743577.90] 2018046.29 411.85 43.24
15-Mar-96 4,16 1575.48 875.27| 46612.39| 104256.60| 238325.83] 1957720.48] 2300302.89 0.83 1575.48] 673085.05| 1627217.84 332.09 34.87

956867204.55 47.97 60280.14  25760101.84 70107102.71 14307.57 1502.30

Energy Saved for the period of monitoring:

Money Savings:

Payback Period:

Energy, Fuel, Money Savings Percent:
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Appendix B

Survey Forms (English and Russian)



Armenia Weatherization Program
Customer Satisfaction Survey

We are conducting this survey to assist the funding agency in evaluating the results and impacts of
the weatherization program. Your opinion will also be used to help improve the quality of the
service which is provided. Your responses will be kept strictly confidential and only used in the
evaluation. You will not be identified as a respondent at any time.
Date of conducting of the survey
1. Background Information
1.1. Indicate type of organization

School Hospital Refugee Center

Housing Commercial

1.2. Indicate Months of Operation:

All year : _ Part year (from to )

1.3. Which of the following best describes your position:

Administration

Building Maintenance/ Manager

Employee of Organization (Doctor, Nurse, Teacher)
Client (Patient, Parent, Refugee)

1.4. How long have you been employed/resident at the hospital/school/refugee center?
Years Months
2. Impact of Weatherization

2.1. Has weatherization been conducted in your building?

Yes No I do not know

2.2. If yes, which of the following was done at your building? (Check all that respondent
mentions)

Caulking windows Weatherstripping
Replacing doors Rebuilding window frames
Door thresholds General maintenance
Replacing windows Painting

Replacing glass Other

o\



2.3. Ifno, do you know what weatherization involves? (Check all that respondent mentions)

Caulking Windows Weatherstripping
Replacing doors Rebuilding window frames
Door thresholds General maintenance
Replacing windows Painting

Replacing glass Other

3. Possible Impacts of Weatherization

Please, rate on a scale of 1 to 5 (1 strongly disagree, 3 - indifferent, 5 strongly agree) the
following ( * - hospitals only):

3.1. * The rate of complications caused by the cold ( including those of the post operational
period) has been reduced as a result of the weatherization.
1 2 3 4 5 no opinion

3.2. Employees are more productive due to more comfortable working conditions.
1 2 3 4 5 no opinion

3.3. The noise level in the building has been reduced.
1 2 3 4 5 no opinion

3.4. Weatherization has saved energy.
1 2 3 4 5 no opinion

3.5. The building is more attractive after weatherization.
1 2 3 4 5 no opinion

3.6. Security in the building has increased due to the weatherization:.
1 2 3 4 5 no opinion

3.7. There has been a reduction in the level of dust due to weatherization.
1 2 3 4 5 no opinion
If ratingis 1 or 2, then
Do you have a solution to that problem
Yes No

3.8. Occupants of the building have complained less of noise since the weatherization.
1 2 3 4 5 no opinion

3.9. Weatherization has resulted in a better working environment.
1 2 3 4 5 no opinion



3.10. Weatherization has resulted in increased moisture problems.
1 2 3 4 5 no opinion
If rating is 4 or 5, then
Do you have a solution to that problem
Yes No

3.11. Weatherization has made the indoor air quality poorer.
1 2 3 4 5 no opinion
If rating is 4 or 5, then
Do you have a solution to that problem
Yes No

3.12. Weatherization is very important for keeping a building in a good shape.
1 2 3 4 5 no opinion

3.13. Weatherization has reduced the number of sick days by employees.
1 2 3 4 5 no opinion

3.14. The work of the hospital/school was significantly disrupted due to the weatherization work.

1 2 3 4 5 no opinion
If rating is 4 or 5, then
Do you have a solution to that problem
Yes No
3.15. The indoor air quality is better because of weatherization.
1 2 3 4 5 no opinion

3.16. The building is more energy efficient after weatherization.
1 2 3 4 5 no opinion

3.17. The building could be made more energy efficient with additional work.
1 2 3 4 5 no opinion

3.18. * The number of patient days has decreased due to weatherization (estimate % decrease)
1 2 3 4 5 no opinion

3.19. The number of days the school could remain open in the winter increased due to
weatherization.(estimate the number of days)
1 2 3 4 5 no opinion

3.20. * The level of infection has decreased.
1 2 3 4 5 no opinion

o\



4. Quality of the Weatherization Work

Please rate on a scale of 1 to 5 (1 strongly disagree to S strongly agree) the following:
4.1. RMA was very easy to work with.

4.2. The workers who performed the work were highly skilled.

4.3. RMA was responsive to problems which came up during the work.

4.4. RMA uses high quality materials in the weatherization work.

4.5. Overall rating of the quality of the work. (5 is excellent, 1 is poor).

If rating is 4 or 5 , then

I will expect higher quality work in the future because RMA’ s work has shown it is possible.
Yes No

5. Other Questions

5.1. What do you think the cost is per window to weatherize?
<$25 $26-50 $51-75 $76-100 >$100

5.2. Per door?
<$25 $26-50 3$51-75 $76-100 >3$100

5.3. How did you become aware of the weatherization work?
Contacted by RMA
Contacted by other school/hospital
Saw the work being done
Was told by someone in the building
5.4. Did you share the cost of weatherization?
Yes No

5.5. What is your estimate of energy savings possible from weatherization?

Less than 5% 10-15% More than 20%
5-10% 15-20%

6. Comments of Respondents



Armenia Weatherization Program
Customer Satisfaction Survey
(For non-participants)

We are conducting this survey to assist the funding agency in evaluating the impacts of the
weatherization program. This program has been implementing in Armenia since 1993 and
we believe that the public awareness of weatherization is being spread out. In order to
evaluate it we are conducting a survey among non-participants as well. Your responses

will be kept strictly confidential and only used in the evaluation. You will not be identified
as a respondent at any time.

Date of conducting of the survey

1. Background Information

1.1. Indicate type of organization

_____ School _____ Hospital ______ Refugee Center
Housing ____ Commercial

1.2. Indicate Months of Operation:
All year Part year (from to )

1.3. Which of the following best describes your position:

Administration

Building Maintenance/ Manager

Employee of Organization (Doctor, Nurse, Teacher)
Client (Patient, Parent, Refugee)

T

1.4. How long have you been employed/resident at the hospital/school/refugee center?
Years Months
2. Impact of Weatherization

2.1. Do you know what weatherization involves? (Check all that respondent mentions)

Caulking Windows Weatherstripping
Replacing doors Rebuilding window frames
Door thresholds General Maintenance
Replacing windows Painting

Replacing Glass Other



3. Possible Impacts of Weatherization
Do you think that (* - hospitals only):
3.1. * The rate of complications caused by the cold ( including those of the post

operational period) will be reduced as a result of the weatherization.
Yes No No opinion

3.2. Employees will be more productive due to more comfortable working conditions.

Yes No No opinion

3.3. The noise level in the building will be reduced.
Yes No No opinion

3.4. Weatherization will save energy.
Yes No No opinion

3.5. The building will be more attractive after weatherization.
Yes No No opinion

3.6. Security in the building will increase due to the weatherization.
Yes No No opinion

3.7. There will be a reduction in the level of dust due to weatherization.
Yes No No opinion
If “No”, then
Do you have a solution to the problem
Yes No

3.8. Occupants of the building will complain less of noise since the weatherization.
Yes No No opinion

3.9. Weatherization will result in a better working environment.
Yes No No opinion

3.10. Weatherization will result in increased moisture problems.
Yes No No opinion
If “Yes”, then

Do you have a solution to the problem

Yes No
3.11. Weatherization will make the indoor air quality poorer.
Yes No No opinion
If “Yes”,



Do you have a solution to the problem
Yes No

3.12. Weatherization is very important for keeping a building in a good shape.
Yes No No opinion

3.13. Weatherization will reduce the number of sick days by employees.
Yes No No opinion

3.14. The work of the hospital/school will be significantly disrupted due to the
weatherization work.
Yes No No opinion
If “Yes”, then
Do you have a solution to the problem
Yes No

3.15. The indoor air quality will be better because of weatherization.
Yes No No opinion

4. Other Questions

4.1. Are you aware of the weatherization work?
Yes No

If Yes, then
4.1.1. How did you become aware of the weatherization work?
Contacted by RMA
Contacted by other school/hospital
Saw the work being done
Was told by someone in the building
4.2. What do you think the cost is per window to weatherize?
<$25 $26-50 $51-75 $76-100 >$100

4.3. » Per door?
<$25 $26-50 $51-75 $76-100 >$100

4.4. What is your estimate of energy savings possible from weatherization?

Less than 5% 10-15% More than 20%
5-10% 15-20%
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ARMENIA WEATHERIZATION PROGRAM
Employee Survey

We are conducting this survey in order to use your opinion in improving the quality of the

program. The survey is developed for internal use and will not affect any current or future work.
Your responses will be kept strictly confidential and only be used in the evaluation. You will not

be identified as a respondent at any time.

Date of conducting of the survey

1. Background Information

1.1. How long have you been working for RMA doing weatherization?
Years Months

1.2. Which of the following best describes your job:

Crew Leader

Lead Carpenter

Worker
Other (Warehouse, Driver, Supervisor)

T

2. Impacts of Weatherization

Please rate the following impacts of weatherization, on a scale from 1 to 5, according to their
importance to the customer (1 is not important, 5 is very important).

2.1. Weatherization saves money.
1 2 3 4 5 no opinion

N
&

. Weatherization makes the building more comfortable to work in.

1 2 3 4 5 no opinion
. Weatherization has increased moisture problems in the buildings.

1 2 3 4 5 no opinion

0
W

2.4. Weatherization lowers energy costs to the customer.
1 2 3 4 5 no opinion

2.5. Weatherization leads to greater productivity due to more comfortable conditions.
1 2 3 4 5 no opinion

2.6. Weatherization leads to greater indoor air pollution.
1 2 3 4 5 no opinion
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Rate the following statements on a scale from 1 to 5 according to your agreement with the
statement (1 is strongly disagree, 5 is strongly agree).

2.7. There is an increased supply of weatherization materials due to the weatherization program.
1 2 3 4 5 no opinion

2.8. People are more aware of the benefits of weatherization because of the program.
1 2 3 4 5 no opinion

2.9. A market is starting to develop for weatherization services in Armenia.
1 2 3 4 5 no opinion

2.10. The skills which I have developed will be very useful to me in finding other work in the
future.
1 2 3 4 5 no opinion

2.11. When the weatherization program ends, I would be interested in starting my own
weatherzation business.

1 2 3 4 5 no opinion

2.12. RMA stresses high quality in the work which we are doing.
1 2 3 4 5 no opinion

2.13. The administration in the buildings that we have weatherized have been very happy with the
work which we are doing.

1 2 3 4 5 no opinion

2.14. Do you intend to look for another job with higher salary.
1 2 3 4 5 no opinion

2.15. Is the living level of your family improved since working with RMA.
1 2 3 4 5 no opinion

2.16. Do you manage to save money.
1 2 3 4 5 no opinion

2.17. Is there any real job where you could apply, get accepted and make more money
1 2 3 4 5 no opinion

3. Other Questions

3.1. How many members does your family consist of (including yourself).

3.2. What is your age?

3.3. I could find employment at an equal or greater wage if the weatherization work were not

Wfb
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available. Yes No

3.4. What is the most important thing you have learned from the work?

3.5. What has been the greatest benefit to you personally from working on the weatherization
program?

3.6. What has been the biggest problem that you have experienced while working on the
program?



MporpamMma NpoBeAEHHS YTENAHTE NLHLIX PAGOT 8 ADMEHHH
BuigBfieHHe CTENEHH YAOBMNETBOPEHHOCTH KAIHEHTA BLINOMAHEHHBIMHK
paGoramu

Llenbio AaHHOrO oNpoca ABASETCS OUEHKA PE3YALTATOB BbINOAHEHHBIX
YTENAHTEALHLIX paBor 8 ApMeHHH. [IpoBeACHHBIH BHANANHZ NPEAOCTABHT
dHHAHCHPYIOLLHM areHTCTBam HeobXoanumyic HH(OPMALKIC 0 UEAECO00PABHOCTH
u pesynorarax pator. Mol rapanTHpyeM CTporyio xoHHacHUKanbHOCTL Bawnx
O0TBETOR, KOTopbie GyAyT HCNOoNbL30BaHb! TONLKO AAR OUCHKH NPOBCACHHLIX
paGor. Bawe HMA HHKOrA A He GyAET YNIOMAHYTO B K&YCCTBE PECNOHAEHTA.
Jlava npopeaedns onpoca
1. (peapapurennLnas nudropMauns
1.1. Onpeaenunte Tun opranusauunfobuexra, kotopyw Bul npeacrasnsere
likona bonbuKua Llentp 6exenues
Xunou aom KoMmepueckas

1.2. Onpeaennre uHKA paboTol NPEANPHATHS

KPYrnOroAHYHbIH CE30HHLIR [C Ao 1

1.3. Kakas 3 HHXENEPEYHCAEHHDBIX 4OAKHOCTEH YyUllle BCEMND ONHCLIBAET pog
BaWeH AEATENLHOCTH:

AaMHHUCTPaTHBHAA
X03aHCTBEHHAR
CoTpyauuk [Bpay, MeacecTpa, NPENoaaBaTens)
KnaueHT [nauKeHT, poantens, bexeuneu)
1.4. Kax aasuo Bul paGovaere {8 GoabHHUuEfuwkonefuenTpe GexeHues

nev Mecsuces

2. Boanencieus yrenneuus
2.1. Buino M npoeegeHo yrenneHdHe e Bawem saanuu

na HET

2.2, Ecaun "aa’, xakue H3 HHKENEPEYHCAEHHbIX pA6OT GbIAH BLINOAHEH! B
Bawem snannn

\



3amMa3zka 43 OKHax YcraveBska
TENNOKIONHPYIOLLIHX MATEPHANOB

Boccranosneune asepen PemoHT aBEPHLIX paM
Ycranoska ABEPHLIX NOPOros ConyTCrByiOULHE PEMOHTHLIE
BoccranoBneuwne okoH paborm

i Moxpacka
BuinosHeHHe 0CTEKAEHHS Jlpyrue paGorbl

2.3. Ecan "uer, 3naete an B, yTe yTenneuue skniovaer 8 ceds

3amasky Ha oxHaXxX Ycranosky
TENA0H30NUPYIOIHX MATEPHANOSB
Boccranosnenne asepen PeMoHT ABEPHLIX pam
YcravoBky ABEPHLIX NOpPOroB ConyTCTBYIOULHE PEMOHTHLIE
paGoTn
BoccranoBneuue okou floxpacky
Boinonuenue ocrexneuus Dpyrve paGornl
3. BosMOXHbIE BO3ACHCTBHA YIENACHHR

MoxainycTa, oueHHTE BONpOCH! N0 NATHGanNLHOK wWkane (rae ~17 Gyaer csHavath.
pe3Koe OTPHUAHHE, 3 - PABHOAYUIHE, D - N0AHOE COrNACHE C NPHBECAEHHLIM
yreepxAcHHeM] [ 7Y noMeyYyeHbl BONPOCH:, NPUMEHHMbLIE ANSK GOALHHL]

3.1. * Konuyecrso 0CAOXHEHHH ¥ G0NbHLIX, BbIZBAHHLIX NPOCTYAOH [BxAOYaA
NOCAEONEPAUNHOHHDLIA NEPHOA], YMEHLIUIHAOCHL BCNELACTBHE BBLIMOSIHEHHOIO

YTEMAEHHUSA

1 2 3 4 5 HEe 3Halo
3.2. Mosuicunach NPOAYKTHBHOCTL paloThl BCAEACTBHE BO3POCIIEH
KOM(POPTHOCTH

1 2 3 4 5 HE 3Hal
3.3. YpoBeHs wyma B 3A3HHH NPH 3aKPLITLIX 0KHAX/ABEPAX NOHHIHICK

1 2 3 4 5 He 3HamI0
3.4. BuinonHeHHoe YTENACHHE NO3BONKAD COEPEYL IHEPTHIO

1 2 3 4 5 HE 3Ha
3.5. (locne nposeneHHOro yTEnAEHHA 3AAHHE BLITNSANT Gonee
MPHBACKATEALHBIM

1 2 3 4 5 HE 3HaW

3.6. besonacHocT, 32aHHR BO3POCNA BCACACTBHE MPOBEAEHHOIO YTEMACHHS
1 2 3 | 5 He 3HA

3.7. Becneacrexe BLINOAHEHHOTO YTENACHHA YPOBEHL 3aMbINEHHOCTH 8
NMOMELLEHHAX CHH3HANCH
1 2 3 4 5 HE 3HAW



Ecnn BuicTasnennt 17 wan 27, 10
HUmeerca nu y Bac pewenue no 310k npoGneme
aa ______Hev

3.8. OT1 HAXOARKULHXCS B 3AAHHH CTAM0 NOCTYNATh MEHbWE xXanob ne nosogy

uryMa
1 2 3 4 5 ___ _ He 3Hal

3.9. B peaynsrare yTenneHHs YCNOBHS paborb! YAYyHUHAKCD
1 2 3 4 5 He aHaw

3.10. Bcneacrsue APOBEAEHHOINO YTENAEHHS YPOBEHD BAAXHOCTH BHYTPH
NOMEUIEHHH BO3POC
1 2 3 4 5 HE 3HAK
Ecnu ebictasneunt "4 uan "5, 1o
HUmeercs nu y Bac peweunue no avon npobneme
aa HEeT

3.11. Beaeacrexe npogeAEHHOIO YTERAEHHA KAMECTBO BOBAYXA BHYTPH
NOMEULEHHH YXYAIIHAOCH ’
1 2 3 4 5 He SHa-
Ecnu goicTasnenst 4" wau "5, 1o
HUmeerca nu y Bac pewenne no arok npoGneme
aa  HeT

3.12. Bomonteune yrennelus IBAKETCA 0HEHL BAXHbIM MEPONPHATHEM B AENE

COXPaAHHOCTH 3AaHHR
1 2 3 4 5 He aHaw

3.13. Bcaeacrase NpoBEACHHOMO YTENAEHHR KOAKYECTBO NPONYCKOB N0 Gonesus.

YMEHLUHNOCH
1 2 3 4 5 He 3HaW

3.14. Pabouas o6cranoska B GonbHKueflukone GbiNa CHABHO HAPYULICHAE B XOAE
APOBOAHMEIX YTENMHTE ALHLIX paloT
1 2 3 4 5 HE 3Ha
Ecau suictaBnenst "4~ unu 57, 1o
Umeerca nu y Bac peluenune ne atoh npoGneme
aa _ ner

3.15. Kayecrso BO3AYX8 BHYTPH NOMEUWLEHHA YAYHHIKAOCL BCACACTBHE |
NPOBEAEHHOIND YTENNEHHSA
1 2 3 4 5 HEe BHAW -

3.16. 3aauue crano dyukuHoHHpoBaTL Gonee aHepro-3dgexTHBHO B pesyabrTare
NPOBEAECHHOIO YTENNEHHS
1 2 3 4 L He 3Ha

&



3.17. {lpn ocyuwLecTB AEHHH AONOAHKHTE AbHLIX PaGOT 3aaHKE MOrA0 (bl CTaTHL
fionee anepro-3prexTuBHbLIM

1 2 3 1 5 He 3Hal0
3.18. * KonuuecTBo KOHKO-60ALHbIX YMEHbLLWHAOCH [ Ha 9] xax pesyabrar
BLINOMHEHHOIC YTENAEHHS

1 pa 3 4 5 HE 3Haw
3.19. Konnyecrso gHEH B roay, KOrAa wkona Moraa bl GuiTh OTKPLITON,
YBEAHYHANOCL [HA AHEH) BCNEACTBHE NPOBEAEHHOID YTEMAEHHT

1 2 3 4 5 HE 3HAI

3.20. * YpoBeub uu(rekuHOHHLIX GONE3HEH NOHHSHACA BCNEACTBHE

NPOBEAECHHOIC YTENAIEHHSA
1 2 3 4 5 He 3Haw

4, Kayecrno yIenAuTEAbHLIX padox

Moxany#cra, oueHuTe BONpocs! No naTHGanbHOW wixane [rae "1~ Gyaer o3navats
PE3KOE HECOrnacHe, 3 - pABHOAYIWHKE, 5 - NOAIHOE COTNACHE C NPHBEAEHHBIM
VTBEPXAEHHEM)

4.1. PaGovatt ¢ PMA GLino nerxo
1 2 3 4 5 HE 3HAW

4.2. PaGouHe, BLINOAHKABILHE YTENMHTEALHLIE PAGOTHI, HMESNH OTAKYHBIE HABBLIKK
8 pabote
1 2 3 4 5 He 3Haw

4.3. PMA peardposan Ha npoGnemMsl, BO3HHKAWGULIHE B Npouecce pabornl
1 2 3 4 5 He 3Hal0

4.4. PMA ucnionb3yer 8 cB0€H patoTe BLICOKOKAYECTBEHHDBIE MATEPHANDI
1 2 3 4 5 He 3HaW

45. O6uian oueHka kavecrsa paborst [ 5 - oTAKYHO,
17 - HeynoBneTBOPHTESILHO).

1 2 3 4 5 HE 3Hal
Ecau BbicTasnena ouenka 4 uan "5 , 1o

- 8 fyayuemM 1 6yay npeabasasTs Goaee BLICOKHE TPeGoBaHHA K KAHECTBY
noA06HbLIX pabor, noToMy 4T0 PMA nokasasn, HaCKOALKO BLICOKHA ypOBEHL.pabor
MoxeT GuiTh AOCTHIHYT

aa Y HeT
5. Jlpyrue ponpochi
9.1. Kaxoso Bawe MHEHHE, KAKOBA CTOHMOCTL YTENACHHS 0AHOTO OKHA?
meHee 2595 ot 26 a0 503 ot 51 g0 75§ o1 76 a0 1005

cesviwie 100 S



5.2. Kakoeo Bauie MHEHHE, KAKOBA CTOHMOCTL YTENAECHHS O4HOH ABEPHT
meunee 253 or 26 ao 508 or 51 ao 753 ot 76 no 1005
cabiwe 100 S

5.3. Kakum o6ipasom Bol cranu ocseaomaensl 06 yrenautensbHbix patorax
PMA nananna co MHOH KOHTAKT

NOAYHHA HHPOPMALIHIC H3 APYTHX WIKON/GOoALHHIL
BHACA BLINOAHEHHYIO paboTy

NoOAYHHA HHHOPMALKIO OT XHALUA 3A8HHR

5.4. Yvyacreosanu nu Bot 8 onnarve paGor no yrennexnuio
aa Her

5.5. Kaxkoso Bauie npeanonoxeune: B0310XHO nu 6naroaaps yrensieHuio
cOepeyvb IHEPrHIO HA

MeHee, yeMm 536 or 10 a0 15% Gonee 20%
or 5 no 10% ot 15 a0 20%

6. KoMMEHTAPHH PECHOHACHTOB



(IporpamMmMa NpoBEAEHHSA YTEMJIHTENLHLIX PABoT 8 ApMEHHH
BbisiB/IEHHE CTENEHH YAOBAETBOPEHHOCTH KAHEHTA BLIMONHCHHLIMH
paGoraMu
(Ans KU, HE ABAKBLIKXCR KAHEHTAMH]

Lienbo AaHHOTO ONPOCa SIBAKETCS OUEHKA PEIYALTATOB BbLINOMHEHHLIX
YTENAHTENLHLIX paloT 8 ApMeHHH. flaHHAR NPOrpaMMa Ha4aNa BHEAPSTLLA C
1993 roaa 1 Mbl HaAEEMCA, YTO HHPOPMHPOBAHHOCTL HACENEHHS 0 TAKOM BHAS -
o6cayxuBanus Bce Gonee paciupsercs. AAK Yoro, 4rolbl OUEHHTE KAYECTBO

BLINOGAHEHHRA NPOrpamMMobl H €€ NOCACACTBHA Mbl NPOBOAHM OHPOC TAKKE H CPEAM -

TeX, KTO HEe ABAK/CA HALHM KAHEHTOM. Mbl rapanTupyem Crporyw
xoHhuaeHuHanoHocTs Bawnx orseTos, KoTopbie GyayT HCNONAL30BANLI TOALKO
ANA OUEHKH NpoBeAcHHbIX paGor. Bawe HMA HHKOrAa e OYAET YROMAHYTO B
Ka4ecTee pecnoHaeHTa.
Jlata nposeaceuna onpoca
1.1. Onpeaennte THN opravusauunfobbexra, kotopyio But npeacrasasere
Uikona BonstKua Llentp 6exenues
Xunou aom Kommepyeckan

1.2. Onpeaennte unkn paboTul NPEANPHATHS

KPYTNOrOAHYHbIA CE30HHGLINA (C ao ]

1:3. Kakas H3 HHXENEPEYHCAEHHLIX 10AXHOCTER AYIIE BCETO ONHCLIBACT POA
BallEH AERATEALHOCTH!

AAMHHHCTPATHBHESR
X03AHCTBEHHESA
CoTpyaHuk (Bpay, meacecTpa, NPpenodaBaTesis)
Knaueur (nauueur, poaurens, Gexenen)
1.4. Kak aasuo Bl paGoTaere B AaHHoR JGonLHALEfWIKo nefuenTpe Gexenues

ner MECAUEB

2. BosncHcIpus yIenneHusa

2.1. 3uaere au By, yro skawyaer v celis yTenneuue?



3JamMaska Ha 0KHax ¥Ycranoska
TENAOH30AHPYICULIHX MBTEPHENOB

Boccranosnenne aBepen PeMONT ABEPHLIX paM
Ycranoska ABEPHLIX NOPOros Obuiee obcayxHBaHne
BoccranoBnexHe 0KoH Moxpacka
Buinonueune ocTekneHHs Jpyrne paborn

Jyraere au Bol, 4o [ ¥ nomeyeHbl BONPOCH], APHMEHHMbIE AAR 60ALHAY)

3.1. * KonuyecTso ocnoxHeHHR ¥ GOAbHLIG BbISBAHHLIX NPOCTYA0H [BKANOYAS
MOCAEONEPAUHOHHBIH NEPHOA), YMEHLUIHTCR BCAEACTBHE POBEAECHHS YTENACHHRA

aa HeT
3.2. MNoBLICKTCR NPOAYKTHBHOCTL paboTbl BCAEACTBHE BO3POCIIEN KOM(OPTHOCTH
aAa HeT
3.3. YposeHb wyMa B 3428HHH NOHHIHTCSH
na I -
3.4. (lpoBeacHKHe yTENAEHKR NO3BOAHT cOEpeyb IHEPIHIO
na __  wuer
3.5. 3aanue GyaeT BuIrnsaecTs 60EE NPHBAEKATEALHLIM BCACACTBHE YTEAAECHHUS
Aa HET
3.6. Bo3pacrer 6€30NaCHOCTL 34 8HHN BCACACTBHE NPOBEAECHHS YTENACHHS
aAa HeT
3.7. ¥YpoBeHb 32NbIAEHHOCTH B NOMELEHHAX CHHSHTCS BCAEACTBHE BbIMOAHEHHS
YTEMACHHS
na HeT
3.8. Crauer nocrynarh MeHsIe X200 No NoBOAY WYMA 0T OKPYXAIGULINX
Aa HET
3.9. Yayuwarcs ycnoBusi paGorbl BCAEACTBHE NPOBEAEHHS YTENACHHS

na HET

3.10. Bospacrer ypoBeHb BNaXHOCTH BHYTPH NOMELLEHHA BCAEACTEHE
APOBEAECHHR YTEMICHHUS

aa HET

3.11. ¥xyaiinrca kavyecrso BO3AYXa BHYTPH NOMEULEHHA

na HET

Y



3.12. YvennexHe oKaXETCA BAXHLIM MEPONPHATHEM B €/l COXPAHHOCTH B4 aHHA
na _ merv

3.13. Becaeacrexe npoBeAEHHOIS YTENJIEHHA KONHYECTBO NPONYCKOB no Goncanu
YMEHLLHUTCA '
aa Hev -

3.14. PaGoyas ofcranoska B GonbHuUefkone GyAET CHALHO HApYUICHA B Xoae
NPOBOAKHMLIX YTENAKTEMLHLIX pabor
na HeT

3.15. Ka4ecrso Bo3AyXxa BHYTPH NOMEUWEHHR YAYHUIKHTCA BCAECACTBHE
NPOBEAEHHR YTENSAEHHR

aa HeT
4.1. Oceeaomnennl nu Bel 06 yTenauTensHbix paGorax
na HET

Ecan "aa”, vo
41.1. Kakuu ofipazom 8ot cTany ocBeAOMAEH! 06 ITOM
PMA.nananaun co MHOH KOHTAKT
ROMYYHN HHGOPMALLKIO K3 APYTHX WKOMfGoNbHRHY
BHAEM BLINONHEHHYW pabory
A0AYHHA HHDOPMALLHIO OT KHALLUA 3AaHHR

4.2. Kaxoso Bawe MuenHe, xakosa GyA€T CTOKMOCTL YTERJEHHA 0AHOTG OKHA?
MeHee 2535 or 26 o 5085 or 51 a0 75$ ot 76 a0-100S
cevise 100 §

4.3. Kaxoso Bawe MHeHHe, xkaxosa GyAET CTOKMOCTL YTENAECHHA 0AHOR ABEPHT. .
MeHee 255 o1 26 a0 50S or 51 no 75$ or 76 a0 1008
ceniwe 100 S

4.4. Kaxoso Bawe npeanonoxeHHe: BO3MOXHO AH 61aroaaps yTERACHKIO
clepeys IHEPrHi0 HA

MeHee, YyemM 5% ot 10 a0 15% Gonee 20%
or % no 10% ot 15 ao 20%

KOMMEHTAPHIA PECNTOHAEHTA



fiporparMa BHNOAHEHUS UTenauTefibHbX patoT B ApMeHKH
Onpoc cpeaud paboTHHKOB

lenb @anHoro onpoca - yueT Bauero HHEHUA AMS AafnbHelwero
COBEPUEHCTBOBAHWA KadyecTea MPOrpamMMyl Mo yrenneHuod. [laHHBH onpocuuk
NpeaycHOTPer AAS BHYTPEHHEro WCMNOAb3O0BAHWUA 4 HW B KOEM cnyuyae He
noBnYAeT Ha Texyuyms Kad Gyayuve paSoTw no nporpanse.

M rapauTupyemM CTPOryd KOHQUAPHUHANLNOCTL Bauux oTBETOB, KOTOopue
ByayT HCAOMb30BAHL TOMBKO AN OUSHKM nposedeHdsx pabor. Bawe uma
HUBKorna He bygeT yYynoMAHYTO B KAUECTBE pPECMOHABHTA.

[laTa nposegenua onpoca 199 r.
i. _fipegeapurefbyas MHHOPMIUUL

1.1. Kax nasHo Bw pafortaete B PMA U ennoansete paborw no
Y enneHun.
_ aeT mecauesn
1.2. EKaxkue n3 Hudecagysundx OﬁnsaHHOCTeu Bt vcnonxnere.
Gpuraaupa

BEAUUEro MNa0THUKA

pabouyero

yvHYD (CKNafoBuUMK, wOQEp, OTBETCTBEHHMH ~a 00bekTe)

24__ﬁﬁ_ﬂﬂﬂﬁlﬂﬂﬂ_ﬂlﬂﬂﬂﬁﬂﬂﬂ

Momanyfcra, ecuendTe SSnpSoH NG nuTHGanbHEH wHane © HYdid 3pedHn
Krredta (rge ‘1’ - de Ba#HO, “‘5’’ - oyeHb BaAWHO):
2.1. Yrenneuwe cleperaer PUHAHCH

1 2 3 y 5 He 3dam

2.2. VYrtenneHue AenaeT noHeuwexde Gonee roM@opTabeabHuM ang padoTu
1 2 3 4 5 He 3Haw

2.3. Yrenaeuue ofocTpusno npolisems, CBA3AHHKE C EBAIHHOCTHE BHYTPH
noMeueH i

1 2 3 4 5 HE 3HaD
2%, Urenmouwo  LNOUSLICT SITPITU HANSUTS HI SHEpTHS
1 2 3 4 5 : He 3Haw

2.5. YrennerHue peaer K GofibiteH nNPoAYKTUBHOCTH, Onaronaps Bo3pocusy
KOMPOPTHOCTH
1 2 3 4 5 He 3Haw

2.6. Yrvennenve BeaeT K GonbleMy 3arpa3HeHUD BO3AYX3 BHYTPU
O Me e HMK
1 2 3 L 5 He 3HaD



OueHUTe CTeNeHb cormacud ¢ soflpocamy nNo ndrubanbHoy wukane (rge *<{-*
O3HauaeT pe3koe oTpuuaHue, ““3°° - pasvoayume, *“5°° - nondoe
corfnacue C NpYBeACHHNM YTBepHACHUEM)

2.7. HalnuoaaTca B0O3pPACTAHWE MAOCTABKH YTENAUTEAbHLX MIATEPHUANos &
Toprogsae 0AArofapR BHeApeHUD APOrpaMus M0 YrennaeHuUn .
1 2 3 L 5 He 3Hawv

2.8. bnarogapsa nporpamMe 00 YyTenneHdw HacesleHWe CTAnNo
UHPOPMUPOBAHHWM 0 BHIr0Aax YTenseHus
1 2 3 b 5 He 3Ha®m

2.9. B ApHeHyd HAUAA CKAIOHNBATHLHCH PHHOK YCAYF M0 BHIISAHEHKND
yrennexua
1 2 3 ) S He 3Ha®

2.18. [MpuolpeTeHHne MHON HABMKW OKA®YTCH OYLHD MOMEIHIBL NPU
nouckax apyroud paborw B Gyayuem
1 2 3 4 5 He 3Haw

2.11. 0O~ zasepueHuud nporpammp 4 Mor Ou NPOABUTDL WUHTepec K ca3natuKg
cBoero coOCcTBeHHOr0 BU3HEeca N0 YyTrenneHus
1 2 3 b4 5 He 3Hap

2.12. PHA npeabaBngeT sbcokue Tpefosanus K Kayectsy Hauex paliorn
1 2 3 4 5 HE 3Haw

2.1%. HoMuHUCTPauMsa 30aHUR, A2 ™Mb SHINOHAMW YTennesude, ovyeub
nosonbHa Hawed pafoTown
i 2 3 4 5 HE 31331

2.14. Hanmepeust nd Bu ucxatb apyryn pabory ¢ bonee Bhiceoxow
3apnnavoH
1 2 3 ) 5 He 2Haw

2.15. NogHancsa A4 HU3HEHHbA yposeHb Bawel cembi 33 BpeMa paborm ¢
PHA

1 2 3 4 5 _ He 3Hap

2.16. YnaercHa ny Bam oTKAanmeaTb [EeHLIU
1 2 3 L 5 He 3Haw

2.17. Umeerca aAu Yy Bac peanbHbid 83pHAHT OWMTb NPUHATHIM Ha APYryD
paboty u 3apabaTwsarb fonbue gener
1 2 3 4 5 He 3Haw



3. ﬁpqruﬂ, go0pocy

3.1. t3 cKOAbKMX 4YesioBeK COCTOUT Bawa cenbn (BKnmyan Bac catiux)

3.2. Haxos Baw so3pact?

3.3. Ecnu paboTw no yTennenys NPEXpaTaATCH A cHory HaWTH pabory c
TaKkoH we UM Gosbued 3apnnaTod
na HeTr

d.4. HKaxoBa camaa rnasHan Beub, 0 KOTOPOW By y3Hanu B0 Bperg
paboruw?

3.5. Yto npunacno nuuno Bam camyw Gonbuyo nonb3y npu pabare B
nporpariMe G0 Yyrenngiidio

3.6. € KaxowW caroy GonpwoyW MDOOaeHId B CTOAKHYMLLHCL MPU YyacTHU B
nporpadme no yrenneuun?

N\



Appendix C

Employees’ Comments



Employees Comments

3.4 What is the most important thing you have learned from the work?

Answers:

- Now I am aware of weatherization

- How important are good management, sense of responsibility in achieving impressive results
- I got familiarized with new materials and instruments

- I got a new profession

- Humanity

- Friends, colleagues

- Got a handicraft

3.5 What has been the greatest benefit to you personally from working on the weatherization
program?

- An understanding that in any difficult conditions there is a chance to get benefit
- Job, usefull occupation

- Gained experience

- Reliable source of income

-$%

- Familiarizing with a new technology

- Got a new specialty - gynecology

- Communication with colleagues

- Friendship

3.6 What has been the biggest problem that you have experienced while working on the
program?

- Unceratinty about the future of the project

- Financial

- Lack of skills



Appendix D

Formulas




FILES.

Heat losses from

Qinfnw=CxGnwx(thw-to)x24

non weatherized window

Gnwa=infiltrating airmass [ =LnwxD o

by infiltration per day

C =air heat capacity =0.24 (kcal x kg / C) |

(kg /lhour )

L nw = volume of the outside air infiltrating through non weatherized window (experimental) (cub.m / hour)

D o = Density of the outside o = (562-0.19 xt o) / 40

{ kg/ cub.m)

t o = temperature of the outside air |

t nw= temperature in non weatherized room

Heat losses from

Qifw=CxGwx(tw-to)x24

weatherized window

er da

Gw=LwxD o =outside air mass (kg /hour)

by infiltration

Do=(520.19x1t0) /40 (kg/cub.m)

C =air heat capacity =0.24 (kcal x kg / C)

L w = volume of the outside alr Infiltrating through non weatherized window (experimental) (cub.m / hour)

D o = Denslty of the outside air

t o = temperature of the outside air

t w= temperature in weatherized room

Heat losses from

Qb=GbxC(tnw-to0)x24 (kcalday)

the broken window p

er day

G b = Inlet air mass from broken window

by inlet air

G b =3600xM xSx SQRT (2gh (1-To / Tnw)) xDnw_ (kg /

hour)

$= surface of the broken window

M= air flow coefficlent = 0.75

D nw = density of Inside air

= 9.8 m/sq.seq

h=height between the centers of air flow of the broken window

To=absolute outside temperature | |

Tnw=absolute air temperature in non weatherized room

\4,\
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FILES.

Formulas:
Heat losses from non weathetized window Qir.nwi=k x Fx (tnw -fo ) x 24
with one glass pane by heat transfer per day k=heat transfer coefficient (U-value) for one glass pane window = 4.5 keal / sq.m x hour

F= surface of the window |
thw=temperature In non weatherized room
to= temperature of outside clﬂr
Heat losses from non weatherized window Qtr.nw2=k x Fx (thw - o ) x 24
with two glass panes by heat transfer per day k=heat transfer coefficient (U-value) for two glass pane window = 2.5 kcal / sq.m x hour
F= surface of the window |

tnw= temperature in non weatherized room
to= temperature of outside air

Heat losses from weatherized window Qir.w=k xF x (tw-to ) x 24
double glass panes by heat transfer per day k=heat transfer coefficient (U-value) for two glass pane window = 2.0 kcal / sg.m x hour
F= surface of the window |

tnw= temperature In weatherized room
to= temperature of |ou'rslr:le Tlr

Total heat losses from non weatherized » |Qnw1=Q infnw + Q fr.nw1 ( keal/day )
single glass pane window

Total heat losses from non weatherized QAnw2=Q inf nw + Q tr.nw2 ( keal/day )
with double glass pane window

Total heat losses from weatherized Qw=( Qinfw + Qtr.w) N (keal / day)
with double glass panes windows building ’ N= number of weatherized windows= 427

| | ] [ ! I !
Total heat losses from non weatherized building Qnw = Qnwl x n1+Qnw2 x n2+Qb x n3

nl= number of single pane non weatherized windows:= 85
n2= number of double pane non weatherized windows = 320
n3= number of broken non weatherized windows = 22 l

-
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FILES.
Formulas
Energy savings SUM (delta Q) = SUM (Qnw-Qw)
Conventional fuel savings B=SUM (deltaQ) / 7000 (kg / year)

7000 kcal / kg =heat content for conventional fuel

Money savings E=BxP (§/year)
B= amount of conventional fuel saved (kg / year)
P= fuel price = 0.105$ / kg

Payback perod 2=1.05xK/E { years)
E=money saving from saved fuel
K=grand total cost of weatherization at Maternity # 4
1.05=a coefficlent accounting the costs for repalr of damaged weatherizatlon
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