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INTRODUCTION
Pursuant to the “National Programme on Energy Efficiency and Renewable Energy” (2007) and
the “RA Government Action Plan for the Implementation of the RA National Programme on
Energy Efficiency and Renewable Energy” (2010) some 40% of the potential for energy
efficiency is within the residential and public buildings.
The greatest potential for energy efficiency in buildings is to reduce the demand for energy for
heating, which can be carried out through strengthening of the thermal protection of buildings
without reducing the comfort level.
The objective of “Improving Energy Efficiency in Buildings” UNDP-GEF full-sized project
(hereafter: “the Project”) is to reverse the existing trends and reduce consumption of electrical
and thermal energy and associated GHG emissions in new and reconstructed, primarily
residential buildings in Armenia. This is expected to be carried out by supporting the
establishment of an able regulatory environment and building professional skills and capacities,
to introduce the design principles based on the energy efficiency in buildings in Armenia's
construction sector, from the building design stage to construction and operation.
The Project was launched in July 2010. In 2013, the Project underwent its due Mid-term
Evaluation by the selected international expert and was overall rated as “satisfactory”. From
November 2013 to November 2014, the Project activities were performed in accordance with
its work-plan as approved by its Steering Committee. The present report reflects the following
main achievements:
 Drafts of the respective laws aiming at legal and institutional reforms needed for
strengthening and promotion of energy efficiency in the urban development sector were
elaborated in the frames of the Project and are on various stages of approval;
 Six EU standards relevant to buildings’ energy efficiency were harmonized, approved and
registered by the National Institute of Standards;
 Ten educational modules on energy efficiency issues were developed and incorporated into
the curriculum of National University of Architecture and Construction of Armenia
Foundation;
 Feasibility study was elaborated for thermal insulation of buildings’ envelopes in large cities
of Armenia;
 Energy efficiency improvement potential of multi-apartment panel buildings in Armenia was
assessed;
 A comparative analysis was performed on costs and measures as per baseline and thermally
recast reconstruction designs of a public building;
 A methodology was developed for energy audit of residential and public buildings;
 In the heating season of 2013 and 2014, energy performance of the residential demonstration building in Goris town was monitored and the received data analyzed;
 Thermal recast of the selected nine-storey operating building in Avan district of Yerevan city
was completed;
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 Support was provided to construction of school in Armenia complying with international
green LEED standard (construction completed);
 Consultations were provided to “Al Hamra Real Estate Armenia” LLC on improving energy
performance of “Cascade Hills” residential complex currently under construction in Yerevan
city;
 The Project expanded its partner network and strengthened its relations with regional and
local projects relevant to building energy efficiency issues;
 To ensure proper awareness raising and dissemination of the ideas of energy efficiency in
buildings, information materials were printed and disseminated, several printed articles and
other materials were published. Project activities were properly presented during the local,
regional and international events.
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Measures implemented for legislative, regulative and institutional
improvements needed for strengthening and promotion of energy efficiency
in the urban development sector
To ensure continuity of project outcomes, activities contributing to legal, normative-technical
and institutional improvements in buildings energy efficiency sector are considered highly
important. In the reporting period, the respective activities were performed in the frames of
the Project’s Component I, focusing mainly on:
 elaboration of amendments to legal acts;
 harmonization of energy efficiency EU directive and standards;
 introduction of voluntary rating system for buildings.
1.1 Draft RA Law “On making an amendment and an addition into the RA law “On energy
efficiency and renewable energy”
After submission of Draft RA Law “On making an amendment and an addition into the RA law
“On energy efficiency and renewable energy” to the RA Ministry of Energy and Natural
Resources, the Project’s experts were cooperating with the Ministry’s staff to hold additional
discussions of the draft and improve it accordingly. At present, the draft, being endorsed by the
stakeholder parties, is under consideration at the RA Government. It is envisaged to discuss the
draft at one of the upcoming RA Government sessions this year and further submit it to the RA
National Assembly for approval.
1.2 Draft RA Law “On making an addition into the RA law “On urban development”
The draft RA Law “On making an addition into the RA law “On urban development” submitted
to the Ministry of Urban Development dated July 13, 2013 is included into the package of
legislative amendments pertaining to the adoption of draft RA law “On developing the smaller
center of Yerevan”. The document is still in its status of draft pending the delayed adoption of
the draft RA law “On developing the smaller center of Yerevan” and has reached its final
discussion stage as of November 2014.
1.3 Activities on development and approval of technical regulations and norm-setting and
technical documentation
In the reporting period the technical regulation on safety of buildings, constructions, materials,
and pre-fabricates developed in the frames of the Project in 2012 and declined by the
ministerial committee of the RA Government on regional development and nature protection
again was not submitted to the RA Government by the RA Ministry of Urban Development.
By its letter of October 2014 to the RA Ministry of Urban Development, the Project conveyed its
willingness to support amendments to or localization of the below listed documents if the
Ministry envisaged their approval and/or submission to the RA Government within the year
2015:





Technical regulation “Buildings, structures, construction materials and pre-fabricates.
Safety”
MSN “Thermal Protection of Buildings”
MSN “Thermal Networks”
MSN “Thermal Insulation of Equipment and Pipelines”

The Ministry expressed its readiness to support the above mentioned activities.
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1.4 Activities on harmonization of EU building energy performance and supporting six
standards
Since 2004, Armenia has been involved into European Neighborhood Policy, implementation of
the respective Action Plan (approved in 2006) supports harmonization of Armenian legislation,
norms and standards with EU criteria. In this setting, it appears important to refer to the issues
per those EU Directives that address improving energy efficiency of buildings and constructions.
In accordance with the RA Government decision N 1481-A of 22.11.2012 “On approving the
combined list of legal acts subject to harmonization in the energy sector as envisaged by the
draft EU-RA association agreement”, harmonization of Directive N 2010/31/EU of the European
Parliament and of the Council “On Energy Performance of Buildings” of 19.05.2010 is envisaged
among others.
Based on that, the Ministry of Energy and Natural Resources of RA with its letter
#03/22.2/1858-13 of 17.05.2013 initiated a harmonization process of the sector-relevant
directives and standards in cooperation with the Project. The Project’s work plan includes
harmonization issues of EU Directive on energy efficiency in buildings and selected European
and international standards. Within the reporting period, the mentioned Directive and six
selected standards were harmonized in the frames of the Project.
Draft technical regulation “On Building Energy Performance” elaborated on the basis of the
above mentioned EU Directive was discussed during the session of Inter-Agency Working Group
supporting the implementation of activities planned by the Project held in the RA Ministry of
Urban Development on July 29, 2014. As per the discussion’s outcome, the technical regulation
was amended and submitted to the RA Ministry of Energy and Natural Resources for further
official circulation.
The harmonized six standards were circulated among specialized organizations and experts for
comments and recommendations, further amended accordingly, then approved by the order of
17.09.2014 of National Institute of Standards CJSC of the RA Ministry of Economy and enacted
on 01.11.2014:


EN ISO 13790: Energy performance of buildings – Calculation of energy use for space
heating and cooling



EN ISO 13789: Thermal performance of buildings – Transmission and ventilation heat
transfer coefficients – Calculation method



EN ISO 10211: Thermal bridges in building construction – Heat flows and surface
temperatures – Detailed calculations



EN ISO 14683: Thermal bridges in building construction – Linear thermal transmittance
– Simplified methods and default values



EN 15242: Ventilation for buildings – Calculation methods for the determination of air
flow rates in buildings including infiltration



EN ISO 9251:1996: Thermal insulation – Heat transfer conditions and properties of
materials – Vocabulary

The standards were harmonized taking into account climatic, technical and demographic data –
on the one hand, and current situation and trends of near future in Armenian market of
construction materials and works, energy carriers and services – on the other hand.
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1.5 Activities on introduction of voluntary rating system for buildings
For contribution to introduction of voluntary rating system for buildings, a Statement of Intent
was signed between UNDP Armenia and its cooperating partner “Armenian association of
developers” NGO within the reporting period.
The main objective of the cooperation is to integrate energy performance indicators into the
buildings’ voluntary rating system thus supporting educated decision-making by real estate
sector investors and clients in Armenia and construction of energy efficiency buildings.
Currently, drafting of the respective standard is close to completion. Before the year-end, it is
envisaged to submit its final version to the National Institute of Standards CJSC for registration.
1.6 National standard AST 362-2013 “Energy efficiency. Building energy passport. Main
provisions. Typical forms”
National standard AST 362-2013 “Energy efficiency. Building energy passport. Main provisions.
Typical forms” developed by the Project’s expert team in 2013 was registered in accordance
with the current procedures by the National Institute of Standards (SARM) on December 18,
2013 (registration ID: AST 362-2013). The standard was enacted on January 1, 2014.
The standard is one of the main normative documents setting buildings’ energy performance
requirements.
The standard contributes to introduction and strengthening of energy passport application of
residential and public buildings aiming at improved energy performance in buildings.
Based on the adopted standard, energy passports for 15 residential buildings were compiled in
the frames of the Project.
1.7 Draft decision of RA Government on implementation of energy saving and energy
efficiency improvement measures in objects being constructed (reconstructed,
renovated) under the state funding
Following provisions of articles 5 and 6 of the RA law “On energy saving and renewable energy”
and based on point 49 of the list of measures of the RA Government action plan for the year
2014 approved by Annex 1 to the decision #777-N of July 31, 2014 of the RA Government, a
draft decision of RA Government “On implementation of energy saving and energy efficiency
improvement measures in objects being constructed (reconstructed, renovated) under the
state funding” was developed in the frames of the Project.
The list of the proposed measures includes:
1) Insulation of building envelopes;
2) Application of volume-planning solutions ensuring possibly minimal surfaces of building
envelopes;
3) Application of paints with coating, plastering, waterproof and heat-resistant mixtures to
ensure protection of external wall surfaces;
4) Application of energy efficient windows and entrance doors;
5) Sealing of joints of openings‘, external walls‘ and covers‘elements;
6) Application of certified insulation construction materials;
7) Application of energy saving heating, ventilation, air conditioning, hot water supply, lighting
systems and devices;
8) If feasibility/cost effectiveness assessed positively, application of alternative energy systems solar water heating and photovoltaic devices and heat pumps.
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Measures aimed at capacity strengthening for testing, certification and
quality assurance of construction insulation materials
2.1 Laboratory testing and certification of construction insulation materials
In the reporting period, the Project continued supporting producers and importers of insulation
materials in Armenia.
With financial support from the Project, technical specifications “Insulating blocks TP AM
48883777.7332-2014” were developed by National Institute of Standards CJSC and provided to
local producer of insulation materials, “Henman ket” LLC.
At the same time, in accordance with Letter of Intent signed between UNDP Armenia and
“Shincertificate” LLC, certification of “insulating blocks” produce of “Henman ket” LLC is
underway in compliance with AST 5.3-2004 N2 scheme and requirements of technical
specifications “Insulating blocks TP AM 48883777.7332-2014”.
Within 2013-2014, density and heat transfer factors were tested and protocols provided by the
Project’s partner laboratory for “insulating blocks” (produced by “Henman ket” LLC), sample
inflammable ecology foam plastic insulation slabs (produced by “TRC Yalitim” company and
imported by “Edifis” LLC), and other thermal insulation materials.
2.2 Elaboration of methodology for energy audit of residential and public buildings
The methodology defined and details on procedure and scope of energy audit of residential and
public buildings of Armenia for specialized physical and legal entities to perform the audits. The
document was developed taking into consideration norm-setting and technical documentation
currently in effect in Armenia as well as international best experience, and aims at eliciting
actual energy consumption in buildings, inefficient energy consumption spots as well as
elaborating energy efficient and energy saving improvement measures.
The said methodology’s development is close to completion. It is envisaged to submit it to
specialized organizations for discussion and, upon endorsement by stakeholder parties, to
approve as a national standard or advisory handbook.
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Implementation of demonstration (pilot) projects on improving energy
efficiency in buildings
The Objective of the Demonstration Projects
In the frames of the project, it is envisaged to demonstrate the energy saving and cost
efficiency potential of integrated building design via its application to selected multi-apartment
buildings.
Improvement of energy efficiency in buildings pursues a number of practical goals:
improvement of comfort level, saving of fuel and energy resources, GHG emission reduction,
thermal insulation and soundproofing, and decrease in operation costs.
The major criteria for selection of demonstration buildings are as follows:






Project replication rate/potential;
Social importance of the multi-apartment building to be constructed;
State participation as guarantor and co-financer of the construction;
The building’s seismic safety/stability;
The building’s occupancy rate.

Besides, as per rationale for energy efficiency measures, advice was rendered to developer of
“Cascade Hills” residential complex currently under construction in Yerevan and assistance was
provided to design and construction of LEED certified green building of school erected in
Malatia administrative district of Yerevan city.
In application to the selected buildings, economic and environmental benefits as well as fuel
and energy saving due to energy efficiency improvement measures are demonstrated. Besides,
options of architectural and engineering solutions are highlighted with application of the new
approaches for meeting thermal protection requirements in design and construction/reconstruction of buildings.
3.1 Residential Building, Akhuryan Community of Shirak Region
In accordance with tree-lateral Letter of
Intent signed between the RA Ministry of Urban
Development, “Glendale Hills” CJSC and UNDP
Armenia, for enhanced energy performance demonstration purposes, a residential building was selected
among those currently under construction in the
frames of a state housing program in Akhuryan
community of Shirak marz for families deprived of
their homes due to the earthquake of 1988 (pic. 1
and 2). Approaches for the works’ implementation
are based on amending the existing design
documentation to set it in line with the
requirements of the latest energy efficiency norms.

Pic.1. 3D master plan of buildings in Akhuryan

The construction was launched in June 2011, as of November 2014 roof construction works are
close to completion. In accordance with the Letter of Intent, construction of the selected
building was to be completed yet in late October of 2012. However, the works were performed
with a number of lengthy interruptions and the resulting delay counts to several years already,
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while construction is still not finished. Taking into consideration this situation, it was decided
the Project to revoke all of its responsibilities regarding the selected pilot project.
Table 1. General information on the pilot building in Akhuryan community
Address of the building
Project designer
Address and phone number of designer
Destination of the building, series
Number of floors and sections
Number of apartments
Accommodation on the construction area
Constructive solution

Akhuryan village, Shirak marz
“Architon” Ltd.
Nalbandyan 25a, 30 appt., Yerevan, 55 24 73
residential, 4a+
4 floor, 3 sections
36 apartment
separated
skeleton-type frame building reinforced concrete

Pic.2. State of construction as of October 2014

3.2 Demo building in Yerevan
In 2012 it was decided to implement energy efficient rehabilitation of an existing replicable
building, to show the energy efficiency potential of the existing buildings as well as feasibility of
measures to be applied.

Pic.3. Thermal recast activities in process

In the frames of the Letter of Intent signed between UNDP and Yerevan Municipality one of the
A1-451 KP1P/9 series buildings (DSK) was selected as a demonstration one (#6, D.Varuzhan
residential area, Avan administrative district, Yerevan city).
The demo project is financed by the Project (90%) and co-financed (10%) by Yerevan
Municipality. The implementation of this demo is supported by Administration of Avan
community and “Avan-3” condominium.
Most of the works were completed by December 2013 and a part of external finishing and
painting was performed in April-May 2014.
During heating season 2013-2014, monitoring was performed in the demonstration building
and a comparative study was performed based on the reference building data (see Chapter 4
for monitoring findings).
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Pic.4. A view of the finished buildings

3.3 Energy performance enhancing measures implementation as a result of advisory
services renders by the Project
“Al Hamra Real Estate Armenia” LLC constructs
“Cascade Hills” residential complex in Yerevan
city.
A Letter of Intent was signed between the
mentioned company and UNDP Armenia,
according to which the Project provides
consultancy to the developer to ensure the
highest possible energy performance of the
building.

Pic.5. 3D model of “Cascade Hills”
residential complex

The
residential complex is comprised of seven buildings (five
single-section and two double-section).

Pic.6. Construction of “Cascade Hills”
residential complex

At the time of joining the Project, external finishing of
two buildings was already completed. Due to the
Project’s provided consultancy, amendments were
made to the initial design of the buildings, in particular,
to the buildings’ envelopes structure. For the walls, high
quality insulation was envisaged (on-site blown twocomponent polyurethane), certain solutions were
provided per the covers as well. During 2014,
construction of three buildings was completed in
accordance with the amended design, another two are
in the process.

According to the performed estimations, due to the
amendments recommended by the Project, energy
performance of the buildings improves by about 36%, apartment area in the residential
complex increase by more than 900m2 ensuring additional income exceeding 620 million AMD
(about 1.5 million USD) for the developer.
For the buildings of the complex, energy passports were compiled and energy performance
certificates were issued.
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3.4 Support to energy efficient (LEED certification)
secondary school construction in Malatia-Sebastia
district of Yerevan city
In the reporting period, UNDP continued cooperation with
with American Missionary Association of Armenia per
incorporation of energy efficiency component into the
construction process of middle and high school after
Avedisians. The school building would be the first in the
region to claim a LEED (Leadership in Energy and
Environmental Design) certificate that includes among its
mandatory requirements application of energy saving and
environmentally clean technologies in construction and
operation of buildings.
The Project provides professional consultations in design
phase and co-financed the building’s thermal insulation
activities.
Construction of the school was completed in September
2014. Official opening was held on October 8.

Pic.7. Construction of the “green” school
in Malatia district of Yerevan city

3.5 Support to energy efficiency improvement
of “Meghvik” child care center in Gyumri city
Measures for energy efficiency improvement of
“Meghvik” child care center in Gyumri city were implemented jointly with USAID. In particular, the building’s
roof was completely thermally insulated, light-penetrating
solutions were developed and applied to the hall with a
high ceiling and infrared heaters were installed in the hall.
Pic.8. Hall of “Meghvik” child care center
in Gyumri city

3.6 Support to the design of energy efficient
replicable “Kindergarten and elementary school” complex

A project implemented by “Dar” Foundation, is aimed
at design and construction of “Kindergarten and
elementary school” complex in Tsaghkunq community
of Gegharkunik marz with application of modern energy
efficient technologies and materials. In 2014, a
Pic.9. 3D model of “Kindergarten and
Statement of Intent was signed between “Dar”
elementary school” complex
Foundation and UNDP Armenia enabling provision of
technical assistance and consultations to design team to ensure enhanced energy efficiency and
energy saving of the building-to-be. In case of successful completion, the building’s design is
envisaged for replication as a typical one in other settlement of Armenia.
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Performing energy audit and elaboration of energy passports in multi
apartment buildings
To assess actual outcomes of the pilot/demonstration projects implemented in the frames of
the Project, the following buildings underwent energy audit and continuous monitoring in the
reporting period:



Reconstructed/thermally recast existing multi-apartment building in Yerevan city;
Commissioned demo multi-apartment building in Goris town.

4.1 Energy efficient demonstration building in bld. #6 of D.Varuzhan residential area, Avan
administrative district, Yerevan city
General Information on the Building
The building has nine storeys, uses bearing panels as constructive solution, has one entrance,
total area of 3,384m2, 36 apartments (of 1, 2, 3 and 4 rooms), was commissioned in 1974.
Climatic Conditions and Thermal and Technical Indicators
According to “Construction Climatology” RA CN II-7.01-2011 heating season in Yerevan city lasts
140 days. During this period, outdoor air temperature is +1°C, while average air temperature in
the coldest five days reaches -19°C.
Heat Supply
Main apartment-level appliances and methods of heat supply in the building are as follows: 18
apartments use 2 circuit gas boilers; 7 – gas heaters; 4 – electric heaters; and 2 are connected
to centralized heat supply system. There are 5 closed apartments in the building.
Ventilation
Natural ventilation is applied for kitchens and bathroom units of the building.
Activities implemented
Baseline energy consumption volumes were estimated using the following options:
 For heating season 2013-2014, indoor temperature regimes, natural gas, thermal energy and
power consumption volumes were studied as per bld. #5 of D.Varuzhan residential area;
 Apartment-level 2010 to 2013 consumption data of natural gas, thermal energy and power
were collected as per bld. #5 and #6 of D.Varuzhan residential area;
 The residents were informed in advance on energy audit with respective notifications;
 Data on energy carriers’ utilization in the building were collected using readings of power,
hot and cold water meters;
 Monitoring of indoor air temperature regimes (apartment rooms, stairwells, basements)
required for the building’s energy audit was performed within 15.11.2013 to 01.03.2013 period
with application of mobile meters of air temperature and relative humidity,
 Heat losses from the building’s envelope were studied using infrared thermal imager of
Testo 875-2 model;
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 Based on the registered data, average weighted indoor and outdoor air temperatures in all
apartments and common shared properties were estimated, sampling method was applied to
capture relative humidity of indoor air and dew point temperatures.
Energy consumption structure in the building
Energy consumption (power, thermal energy) estimations were performed on apartment level.
The building’s energy consumption structure is presented on pic.10.

Pic.10. The building’s energy consumption structure by use: before (a) and after (b)retrofitting

Energy carriers’ consumption data by type and apartment are presented in Annex 4.
The analysis of actual energy consumption before retrofitting (building #5) showed that
greatest part of annual energy consumption is for heating (67% or 446,500 kWh), then cooking
(14.5% or 96,000 kWh), lighting and home appliances (12% or 79,000 kWh) and hot water (6.5%
or 42,000 kWh). After retrofitting (building #6) greatest part of annual energy consumption is
for heating (48.5% or 205,000kWh), then cooking (24.5% or 104,000 kWh), lighting and home
appliances (18% or 76,500 kWh) and hot water (9% or 39,000 kWh).
Analysis of the building’s energy performance
During the heating period, thermal comfort level in the building
reached 84% (ratio of actual and normalized values of specific
consumption of thermal energy).
Design value of specific consumption of thermal energy in the
building is 74 kWh/m2 annually and this indicator was confirmed
during the monitoring.
Apartments, basement, common shared properties, outdoor air
temperatures and energy consumption data are presented in Table 2.

Pic.11. Measuring
stairwells’ and outdoor air
temperature, 20.12.2013

Table 2. Air temperatures and energy indicators by indoor space type in baseline and demonstration buildings
Indicators
Apartment air temperature, °C
Stairwell air temperature, °C
Basement air temperature, °C
Outdoor air temperature, °C

bld.#5
(baseline)
15
1.3
2.7

bld.#6
(demonstration)
16
11
5.6
-1.6

normalized
20
16
12
1
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Diagrams of average temperatures in the building’s rooms and outdoor temperature are
presented in pic.12 below.
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Pic.12. Average air temperature in apartments and outdoor in 2013-2014 heating season

As can be clearly seen from pic.12, installation/rehabilitation of windows and doors entails
preservation of stable air temperature regime in floors and stairwells.
Thermal protection status of the building’s envelope was studied using thermal imager (Testo
875-2).

Pic.13.1. North-west of bld.#5 in D.Varuzhan residential area, 15.01.2014

Pic.13.2. North-east of bld.#6 in D.Varuzhan residential area, 15.01.2014
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Pic.13.3. West of bld.#5 in D.Varuzhan residential area, 15.01.2014

Comparison of the building’s energy performance is demonstrated in Table 3.
Table 3. Energy performance of the building*
Indicator
Specific volume of thermal energy
for heating and ventilation,
2
kWh/(m year)
Consumption of thermal energy for
heating and ventilation, kWh/year

Value
set forth
by RA CN

Baseline
(design)
1
option

Baseline
(actual)
2
option

Actual
normalized
3
value

Actual
4
value

52

162

178

74

62

144782

386678

497322

205315

173047

Based on the building’s energy audit, the building’s energy passport was compiled (Annex 5).
A survey was conducted among the residents of buildings #5 and #6 in D.Varuzhan residential
area on March 17-19, 2014 to assess differences between the two buildings after
implementation of the energy efficiency improvement measures, satisfaction of the residents
of the demonstration building, change in heating charges, improvements in comfort level etc.
Details of the survey and analysis are summarized in Annex 6.
Conclusions


Actual thermal comfort level in bld.#6 in D.Varuzhan residential area is about 84%.

 It was possible to ensure the following average air temperatures in the building (given
the outdoor air temperature of -1,6 °C):
o in apartments: +16 °C;
o in stairwells: +11 °C.
 As an outcome of thermal upgrading of the building, the specific regulated indicator of
thermal energy for heating and ventilation is improved about 2.4 times (reduced from
178kWh/m2∙year to 74kWh/m2∙year) and as a result it was possible to ensure fairly affordable
heating costs for the residents (about AMD 290/m2∙month to sustain 100% thermal comfort
level).
 Building energy passport and energy efficiency certificate are developed according to
“Energy conservation. Building energy passport. Basic rules. Standard form” AST 362-2013
standard, in line with which energy performance class of the building was confirmed to have
improved from “E” to “C-” (Annexes 4 and 5).
1

At the moment of commissioning of the building, year 1974 (open balconies, installed doors and windows of stairwells)
At the moment of implementation, year 2013 (closed balconies, absent doors and windows of stairwells)
3
Thermally rehabilitated building with 100% of thermal comfort level
4
Thermally rehabilitated building with actual thermal comfort level
2
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 Primary energy saving in heating the building (the difference between baseline design
values and the actual normalized values) amounted to about 60%, or about 290,000 kWh/year
(for 92% of thermal efficiency for boilers and for 8,000 kcal/nm 3 lowest working calorific value
of natural gas).
 Assuming natural gas price increase of 5% annually, discount rate of 12%, and 20-year
life-cycle of the implemented measures, the financial indicators are calculated as follows:
o Internal rate of return (IRR):
14%,
o Net present value (NPV):
4.6 million AMD (about 11 thousand USD),
o payback period:
7 years,
o simple payback period:
about 9 years.


CO2 emission reduction compared to baseline design option are as follows:
o about 60 ton annually;
o about 1,900 ton within the building’s 20-year life-cycle;
o about 180 ton before the Project’s completion (envisaged in year 2015).

 As a result of refurbishment of the pilot building the primary energy demand for heating
was reduced by 58% (difference of baseline and actual normalized values) and made about
205.000 kWh / year. Annual CO2 reduction made.
 Relying on international best experience in energy efficiency improvement in buildings,
it is possible to gradually apply energy efficient measures’ packages, bringing step-by-step all
the elements of buildings’ envelopes (the lowest storey’s floor, the highest storey’s cover) in
line with the indicators set forth by the respective norms. In this case, specific regulated
indicator of thermal energy for heating and ventilation would reach 52 kWh/m 2∙year, and as a
result it would be possible to ensure heating costs for the respective buildings’ residents at
about 203 AMD/m2∙month (to sustain 100% thermal comfort level).
 The number of panel buildings in the Republic of Armenia is around 4,300 of which
2,500 are A1-451 KP1p/9 type buildings. The estimated potential of energy savings is about 105
thousand ton in oil equivalent including 63 thousand ton in oil equivalent for 1-451 KP1p/9 type
buildings. The potential of greenhouse gas reduction following energy efficiency upgrading will
reach up to 0.25 Mt of CO2, including 0.15Mt of CO2 from buildings of said type.
 AI-451 KP1p/9 type buildings have been and are being constructed in almost all areas of
the country including cold climatic zones as well. Noteworthy, despite their thermal-technical
disadvantages, these buildings are quite reliable in terms of seismic safety.
4.2 The second energy performance monitoring of the energy efficient demo building in
Goris town (#151 in Mashtots Street, heating season 2013-2014)
General Information on the Building
Management of the considered demonstration social building is arranged by the municipality of
Goris town in Syunik marz of RA – with immediate participation of the supporting families.
The building has three storeys, bearing carcass of reinforced concrete, two entrances, total area
is about 950 m2 (with insulated/heated part of 812 m2, basement was not insulated, 20
apartments (of 1, 2 and 3 rooms), was commissioned on December 18, 2012.
Climate conditions and thermal-technical indicators
According to “Construction Climatology” RA CN II-7.01-2011 heating season in Goris town lasts
173 days. During this period, outdoor air temperature is +2.4 °C, while average air temperature
in the coldest five days reaches -13 °C.
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The minimal required heat transfer resistances of building envelopes for residential buildings
being constructed in Goris town as per the RA Construction Norms II-7.02-95 “Thermal physics
of building envelopes” are shown in Table 4.
Table 4.

The required heat transfer resistances of building envelopes
2
Envelopes
Required values (m ∙°C)/W
Walls
2.62
Outer covers and outdoor air insulation covers
3.72
Covers of cold basements and attics
3.42
Windows, balcony doors
0.40

Activities implemented
 The residents and the supporting families were informed in advance on the study with
respective notifications;
 Data on energy carriers’ utilization in the building were collected using readings of power,
natural gas5, hot and cold water meters;
 Monitoring of indoor air temperature regimes required for the building’s energy audit was
performed within 03.12.2013 to 30.01.2013 period using relevant devices;
 In rooms of the building (apartment rooms, assembly hall, basements’ closets, attics) and in
outdoor environment, 52 mobile meters of air temperature and relative humidity were
installed;
 Based on the registered data, average weighted indoor and outdoor air temperatures in
apartments and common shared properties were estimated, sampling method was applied to
capture relative humidity of indoor air and dew point temperatures.
The building’s energy performance indicators were estimated for its heated part that makes
812 m2 and includes apartments and stairwells (both: from 0.00 to 9.00 mark).
A pattern of average air temperatures in the building’s rooms and outdoor is shown in pic.14.

Pic.14. A graphical pattern of average air temperature data

5

During 2013-2014 heating season, centralized heating system did not operate.
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Energy carriers’ consumption and record
Analysis of actual consumption of energy carriers in the building from 03.12.2013 to 30.01.2014
is presented in pic.15.
14%

12%

20%
54%

Pic.15. Actual consumption of energy carriers in the building by consumption purpose

In all the apartment sand common shared properties, lighting is based fully on energy efficient
compact fluorescent bulbs.
Analysis of the building’s energy performance
During the heating period, thermal comfort level in the building reached 56% (ratio of actual
and normalized values of specific consumption of thermal energy).
Design value of specific consumption of thermal energy in the building is 82 kWh/m 2∙year;
however, according to the monitoring findings, this indicator’s annual value is 46 kWh/m 2 due
to low comfort level.
Reduced total thermal resistances of the building’s envelope were studied in accordance with
energy carriers’ consumption for heating purposes and air temperature meters’ readings in
various rooms as well as average data for the building.
Studies were also performed using infrared thermal imager of model Testo 875-2.
Conclusions


During the heating period, thermal comfort level in the building reached 56% (ratio of
actual and normalized values of specific consumption of thermal energy).



It was possible to ensure the following average air temperatures in the building (given the
outdoor air temperature of -1,6 °C):
o in apartments: +13.4 °C;
o in assembly hall: +11.2 °C;
o in basement: +8.1°C;
o in attic: +2.1 °C.



The building’s annual consumption of energy carriers by purpose is distributed as follows:
o hot water supply: 54
o apartment space heating: 20
o food processing: 14
o lighting, domestic appliances: 12:



Air inlets mounted on windows of apartments’ bedrooms and living rooms were closed in
several apartments to prevent inflow of cold air.



Natural gas rooftop boilers were not operated.

 Common shared laundry room’s use is not regulated.
Complete versions of energy audit and monitoring reports as performed in the demo buildings
in the frames of the Project are available via www.nature-ic.am web-site.
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4.3 Comparative analysis of baseline and thermally recast design costs and measures for a
public building (in the instance of school reconstruction project in Marts community of
Lori marz of the RA)
To demonstrate energy and cost saving potential of integrated building design in an instance of
a public building (in particular, a school), high school in Marts community of Lori marz of the RA
was currently under reconstruction by Urban Development PIU of the RA Ministry of Urban
Development. In this instance, technical solutions were analyzed and their feasibility was
assessed – featuring application of new approaches to meeting requirements of thermal
protection of buildings during design and construction.
The selected approach to implementation of these activities relies on amendments to the
existing draft to set that in line with the requirements of RA CN II-7.02-95 “Thermal physics of
building envelopes”.
According to the new approach estimations, reconstructed building would ensure not only
significant heating costs’ saving for the school, but also feasibility and soundness of investment
for insulation measures. The proposed solutions rely on materials and services available on the
local market, are as clear and doable/replicable as possible, take into consideration the
building’s restrictions as set forth by constructor and architect.

Capital renovation of the existing
building and construction of a new
one are envisaged and financed by the
RA state budget. The former has stone
bearing walls, two storeys and total
area of 1,000m2, while the latter has
Pic.16. School facade
bearing carcass, two storeys and total
area of 1,660 m2. The external walls of the new building are of 400 mm thick tuff stone.

In Marts community, heating season lasts 151 days. Within this period, average outdoor air
temperature is about +3.2°C, while average air temperature in the coldest five days reaches
-11°C.
According to the requirements currently in effect in the RA, heat transfer factor of envelopes of
public buildings being constructed in such settlements must exceed: 2.41 m2∙°C/W for external
walls, 3.47 m2∙°C/W for the highest storey’s covers and the lowest storey’s floors, and 0.48
m2∙°C/W for windows and external doors.

a) External walls
Existing building has 600 mm thick bearing walls of stone, while the new one has bearing
carcass with external walls of 400 mm thick tuff stone. No thermal insulation is envisaged for
external walls.
b) Windows and external doors (entrances and balconies)
Installation of 6 cm wide locally produced windows with metal-plastic frames and two-layered
glazing is envisaged.
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c) Floors of the lowest storey
Thermal insulation of the lowest storey’s floors is not envisaged, either of pillars and beams
incorporated into external walls.
d) Covers of the highest storey
Thermal insulation of the highest storey’s covers is envisaged with 300 mm thick slag layer.

a) External walls
Existing building
Walls’ insulation with 4cm thick polystyrene slabs fixed with adhesive and strengthened with
dowels.
New building
Walls’ insulation with 7cm thick polystyrene slabs.
b) Windows and external doors (entrances and balconies)
Installation of more energy efficient windows is not envisaged.
c) Floors of the lowest storey
Thermal insulation of the lowest storey’s floors is not envisaged
d) Covers of the highest storey
Thermal insulation of the highest storey’s covers is envisaged with 500 mm thick slag layer.
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If the above described solutions are applied, the new design, as compared to the
baseline one, will ensure 1.8 times lower thermal energy consumption and required
power. In particular:



To sustain 20°C indoor air temperature during the whole heating season, demand for
thermal energy per m2 will fall to 59kWh from the former 103kWh due to the changes
proposed;



If this new thermal energy demand is supplied using natural gas burning boilers with
efficiency factor exceeding 90%, natural gas consumption will total to 11,510m 3 for the
whole heating period, which is 1,795,560 AMD (about 4.5 thousand USD) based on the
current natural gas price of 156 AMD/m3;



Due to the measures implemented, annual saving of natural gas will reach 8900 m3 or
1,388,400 AMD (about 3.5 thousand USD);



Annual reductions of CO2 emissions will reach about 17 ton CO2eq.;



Estimated costs of the building’s reconstruction including thermal insulation works
totals to about 390 million AMD (with VAT, about 960 thousand USD), which is above
the baseline option by 17.2 million AMD or 4.4% (see details in Table 5);



Assuming average annual growth of natural gas tariff at 10%, payback period of the
thermal insulation measures is about 8 years, with net present value of 2.5 million AMD
(about 6 thousand USD).

Table 5. Cost distribution by building element
Implementation costs, thousand AMD
Element
Baseline option
Proposed option
Walls
0.00
15,121.27
Covers
7,510.68
11,493.46
Heating
11,164.87
9,258.98
Summed
18,675.55
35,873.71
Total
372,873.84
390,072.00
Total in USD
914.13
956.29

Difference,
thousand AMD
15,121.27
3,982.79
-1,905.89
17,198.16
17,198.16
42.16

Table 6. Thermal resistance and energy performance indicators of the building’s elements for baseline and
proposed design options
2
R value (m ∙K)/W
Options
Elements
Required by
Designed
norms
Wall 600mm, tuff: 1.46
Baseline
Wall 400mm, tuff: 0.87
Walls
2.41
Pillars, beams, reinforced concrete: 0.21
Proposed
2.41
Baseline
0.3
Windows and
0.48
doors
Proposed
0.48
Baseline
0.71
Floors
3.47
Proposed
3.47
Baseline
0.56
Covers
3.47
Proposed
3.47

4.4 Feasibility study for thermal insulation of buildings’ envelopes in large cities of the RA
A cost-efficacy analysis of thermal recast of most common types of typical building envelopes in
the RA was implemented in the frames of the Project. This allows identifying feasible sets of
energy efficiency improvement measures given the current natural gas price (taking into
account possible further increase in natural gas tariff), market prices of construction works and
insulation materials.
For the purposes of such assessment, main options of building envelopes and thermal
insulation solutions were used as per the “Advisory handbook on technical solutions for
thermal insulation of envelopes of residential, public and industrial buildings in construction
and reconstruction in the Republic of Armenia” (2013). Costs of construction works and
insulation materials were estimated in accordance with market prices of 2013-2014.
Assessments were performed for four large cities of Armenia, taking into account climate
parameters of those cities and transportation costs’ coefficient for construction works varying
by marz (see Table 7).
Table 7.

Climate parameters of cities and transportation costs’ indicators applied for construction
City
Yerevan
Gyumri Vanadzor Hrazdan
Marz
Yerevan
Shirak
Lori
Kotayk
Air temperature in heating season, °C∙day
2660
4177
3475
4342
Transportation costs’ coefficient
5.72%
8.80%
8.93%
6.57%

Considered types of building envelope elements are shown in Table 8, and considered
insulation materials – in Table 9.

21

Covers

External walls

Table 8. Common types of building envelopes in the RA
Type of structure

Density, kg/m³

Wall of natural stones of regular form with cement-sand mortar

1700

Masonry of “midis” structure

1700

Wall of unit-cast blocks with cement-sand mortar

1600

Reinforced concrete (monolith or mounted structures)

2500

Reinforced concrete (monolith or mounted structures)

2500

Thickness, m
0,2
0,4
0,5
0,2
0,3
0,4
0,2
0,3
0,4
0,2
0,22
0,25

Table 9. Applied thermal insulation materials and their physical-mechanical features
Type of thermal insulation materials

7

Flammability group

1,47

1,68

A

0,041

0,031

0.04

0.078

B

0,044

B

0,41

0,031
0,37

0.04
0.42

SP 23-101-2004

1,34

0.09
1.32

0,35

0,005

0.05

0.04

A

2

2

2

1

B

5

10

5

2

NA

A1-A3

A3, A4

NA

Norm-setting
document
SP 23-101-2004

Indicator value

Norm-setting
document

Indicator value

Norm-setting
document

Indicator value

0,84

GOST 3024494

6

200

GOST 3024494

5

Estimated heat absorption factor by
operation conditions, s, W/(m
,
no more than
Vapor permeabilty, μ, mg/(m h Pa),
no less than
Estimated relative humidity by
operation conditions, w, %,
no more than

40

SP 23-101-2004

4

Estimated thermal conductivity by
operation conditions, λ, Վտ/(մ
no more than

35

GOST 3024494

3

Foam polyurethane

Produce of
extruded perlite
with bitumen
adhesive

40-60

SP 23-101-2004

2

Density, kg/m³
Specific caloricity, C₀, kJ/(kg
no less than

GOST 3024494

1

Title of indicator, unit of measurement

Indicator value

№

Norm-setting
document

Rock wool

Extruded foam
polystyrene

Costs of insulation works and materials were estimated for 10 to 15 mm thick insulation
materials and for cities located in various climatic zones of the RA – per 1 m2 of building
envelope surface.
For estimations, natural gas was assumed the energy source at a tariff equal to its current level:
156 AMD/m3.
Comparisons were also made between the current findings and requirements of the
construction norms6.
Measures with negative net present value are not feasible to implement and are not
considered.

6

RA CN II-7.02-95 “Thermal physics of building envelopes”
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Conclusions by cities
Yerevan
Feasible measures for walls would include insulation of 200 to 300 mm thick unit-cast or
mounted reinforced concrete walls with all the considered materials, 400 mm thick unit-cast or
mounted reinforced concrete walls with polyurethane only, and all the options – for attic’s
covers.
Gyumri
Feasible measures for walls would include insulation of 200-400 mm thick unit-cast or mounted
reinforced concrete walls and 200 mm thick walls of regular form natural stones and cementsand mortar with polyurethane and extruded foam polystyrene, and all the options – for attic’s
covers.
Vanadzor
Feasible measures for walls would include insulation of 200-400 mm thick unit-cast or mounted
reinforced concrete walls and 200 mm thick walls of regular form natural stones and cementsand mortar, and all the options – for attic’s covers.
Hrazdan
Feasible measures for walls would include insulation of 200, 300 and 400 mm thick unit-cast or
mounted reinforced concrete walls, 200 mm thick unit-cast blocks and cement-sand mortar
walls, and 200 mm thick regular form natural stones and cement-sand mortar walls, and all the
options – for attic’s covers.
The complete version of the analysis is available at www.nature-ic.am web-site.
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Awareness raising, training and organization of educational programs
5.1 Education, professional training, seminars
Development of educational models and programs on energy efficiency
For complete and efficient implementation of the
Project’s outreach, training and education
Component and to streamline the Project’s
continuous targeted assistance, ten educational
modules aiming to enrich the profile universities’
curricula and addressing profoundly theoretical
issues of energy saving, energy efficiency,
renewable energy were developed in the frames
of the Project. The modules were incorporated in
the curriculum of National University of Architecture and Construction of Armenia (NUACA) in
academic year 2013-2014 (in accordance with Rector’s letter #01-13-01/08-03 of November 8,
2013).
Besides, the modules were consolidated into “Green Architecture: Energy Efficiency and
Renewable Energy” bilingual textbook.
Targets and contents of the rendered assistance were preliminarily discussed by the Project’s
experts and University’s specialists of chair of construction materials, items and structures,
chair of hydraulics, heat and gas supply and ventilation and department of architecture and
design.
Many of architects and students specializing in architecture have learned of green or
ecologically sustainable architecture, especially in relevance to energy efficiency and renewable
energy.
Options of ensuring most consistent implementation of the assistance to be provided were
jointly analyzed and discussed to acquire theoretical and practical skills in energy efficient and
integrated design, measurement and analysis of thermal technical indicators, enriching
students’ knowledge per their specialties, strengthen capacities of energy audit performing
experts.
The developed modules introduce students specializing in architecture and engineering to the
basics of green architecture with special emphasis on energy efficiency and renewable energy.
Module 1, Sources and uses of energy in the built environment, provides a review of energy
choices and their impact on the natural environment.
Module 2, The built environment and its impacts on the natural environment: global overview,
gives a more detailed discussion of built environment’s impact on the planet’s heath.
Module 3, Design, policy, and regulatory solutions to clean energy, energy efficiency, and the
green built environment, presents the criteria and regulations that help greening building
design sector.
Module 4, Energy efficiency in buildings: passive solutions, addressed solutions that allow not
depending on mechanical devices to achieve thermal and visual comfort, and are, instead,
relying on the building’s design so that natural in its regular way creates comfort for humans.

Module 5, Energy efficiency in buildings: building envelope, focuses on the highly important
topic of building envelopes, application of insulation materials to prevent undesirable heat
losses, and building thermal retrofit.
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Module 6, Building integrated renewable energy, discusses energy generation and issues of
renewable energy integration in buildings.
Module 7, Energy storage for energy savings and renewable integration, proposes multiple
solutions for condensation of energy generated on-site.
Module 8, Integrated building design approach (IBDA), introduces relatively new approach to
the building designing process, 'integrated building design'. Similar processes have been long
applied in other sectors with the need of highly reliable and efficient applications. In parallel
with growth of energy performance of buildings, building design and integrated design
approach in construction sector are considered more important.
Module 9, Building energy audit and certification, considers building energy audit options,
introduces useful instruments for implementing energy audit in buildings, provides helpful
information on methods to be used by specialists-to-be for energy audit of their designed and
constructed buildings.
Module 10, Basics of financial analysis for architects, urban planners and engineers, introduces

main ideas and instruments of financial analysis that designers and architects should be familiar
with to ensure financial feasibility of their proposed solutions.
Each module has list of additional literature and audiovisual references to assist student in use
of online resources. Discussion questions are also available for deeper insight and better
understanding of most important issues and solutions.
This textbook proposes approaches and solutions for Armenian students and specialists with a
vision to involve them into global efforts for reduction of energy consumption and growth of
clean, renewable energy sources’ use. The textbook contains many solutions and approaches
that are continuously developing and modifying.
“Instrumental Monitoring of Thermo technical Parameters of Buildings”
Laboratory Manual
To enable appropriate quality of laboratory studies on
energy efficiency issues for students and staff of
National University for Architecture and Construction
Foundation of Armenia, the Project procured an array
of specific devices and equipment for energy
efficiency assessment and energy audit of buildings,
including:


Heat transfer determination device ИТП-МГ4
“100”, in accordance with GOST 7076–99
“Method of determination of steady-state
thermal conductivity and thermal resistance”,



Heat transfer U-ratio measuring device in actually constructed buildings’ envelopes,



Infrared thermal imager of Testo 876 model,



Mobile devices for measurement and registration of indoor and outdoor air
temperature and relative air humidity, meteorological station, contact thermometer
(with four probes: surface, diving/immersion, air, relative humidity),



Lux-meter (illumination measuring), pyrometer (heat measuring with infrared radiation),
anemometer (wind velocity and air temperature measurement) etc.
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The Manual demonstrates necessary instruments/devices and their application methods for
monitoring/measuring energy performance of buildings’ envelopes and thermal-technical
parameters of construction materials, and assessing energy efficiency of buildings.
It was drafted in close cooperation with the National University of Architecture and
Construction of Armenia, and has been distributed to the students of the University.
Seminar on “International LEED Standard of “Green” Construction and Its Legalization
Procedure”
January 31st was significant with a lecture on sustainable
approaches of designing buildings and on the application
of international standards in “green” construction in the
construction process delivered by an invited expert, the
Managing Director of MS MRICS LEED AP and
international board member of the US Building
Commissioning Association Adam Muggleton.
The LEED, i.e. “Leadership in Energy and Environmental
Design” standard was presented. That is an international “green” building standard aimed at
promoting energy efficiency, resource saving, as well as the usage of clean energy in buildings.
Study Tour to Czech Republic
A study tour to Prague, Czech Republic, over energy
efficiency in buildings was organized for the Project
partners and beneficiaries with the financial assistance of
Czech Trust Fund in June 2014. Representatives from the
RA Ministry of Urban Development and Yerevan
Municipality took part in the study tour.
During the 5-days visit the participants got acquainted
with the funding and promotion mechanisms of “green”
architecture, energy saving, energy efficiency in Czech
Republic, as well as the experience of development and
enforcement of codes and standards regarding energy
efficiency of buildings.
Financing schemes of enveloping of existing buildings and
relevant contractual principles were in particular tackled.

Lesson Dedicated to the Environmentalist Day
From 1972, June 5th is observed annually by the United
Nations as the World Environment Day. According to
the RA Government Decree of June 3, 2004, June 5th in
Armenia is celebrated as Environmentalist Day.
In the frame of the Day, on May 26, 2014, the UNDPGEF/00059937 Project “Improving Energy Efficiency in
Buildings” organized a seminar at Yerevan N106
“Vardanants Aspetner” school on energy efficiency. The
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participants were pupils of 9th grade who got acquainted with direct and indirect benefits of
energy efficiency, the energy consumption calculation, and wide opportunities of improving
energy efficiency with the help of thermal insulators. The event aimed at raising pupils’ level of
knowledge on energy efficiency.
The seminar was followed with a quiz as a result of which three groups of pupils were awarded
with certificates of active participation, and the group with maximum amount of right answers
was awarded with a winner certificate.
Seminar over “Current Issues in Thermal Protection of Buildings”
On April 8 the Project organized a seminar over
“Current Issues in Thermal Protection of Buildings”
for specialists of the architecture, design, expertise
and construction quality technical monitoring fields.
During the Seminar examples of buildings’ thermal
insulation solutions, and information on insulation
construction materials and pore-fabricates, were
presented and issues of legislation, building codes
and standards were discussed.
Seminar over Issues of Thermal Protection of Buildings for the RA State Urban Development
Inspectorate
On July 31 the Project organized a seminar
for the staff of State Urban Development
Inspectorate of the RA Ministry of Urban
Development. During the Seminar the legalnormative framework of urban development
sector, in particular, the laws, Government
decrees and construction norms and
standards, were presented.
The works of enveloped demo buildings
implemented so far, in particular the applied
solutions,
insulation
materials
and
technologies, results and energy efficiency labels, were discussed.
Czech Experience of Energy Efficiency in Buildings
The Project in collaboration with Czech Trust Fund organized a specialized training course on
Energy Efficiency in Buildings on October 21-22, 2014. The course was intended for
representatives from state and local government bodies, professional unions and educational
institutions, design organizations and developers. Topics such as EU relevant legislation, Czech
standards of energy efficient buildings, enforcement of energy efficiency requirements,
experience and quality control, were especially tackled.
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International EE Day in Architects’ Union of Armenia
On November 14, 2014 in the frames of the International Day of Energy Efficiency, the Project
in cooperation with Green Urban Lighting UNDP-GEF Project and the Architects Union of
Armenia organized a seminar for architects, designers and other interested parties. At the
seminar the participants were introduced to the legal-normative field, the improvement works
performed in the frame of the Project. The obstacles of ensuring energy efficiency were
tackled, as well the materials drafted and published in the frame of the Project, were
introduced.
At the seminar the energy efficient systems of indoor and outdoor lighting, as well as design
projects and technologies were discussed.

5.2 Events
“Energy Week 2014”
On July 2-3, 2014, Project took part in the series of events
held within Energy Week 2014 organized by Armenia
Renewable Energy and Energy Efficiency Fund in Yerevan
Moscow House. The events aimed at latest developments
of energy saving and renewable energy field in the
Republic of Armenia including legislative reforms,
technological innovations, funding
opportunities, etc. At the exhibition
in the frame of the event, the
project booth displayed publications on technical solutions for thermal
insulation, materials, as well as energy efficiency labels of the related
buildings. Social ads produced within the Project were also displayed.
During the plenary sessions Mrs. Diana Harutyunyan, UNDP Climate
Change Projects Coordinator spoke about results of the projects
implemented by the UNDP and the key obstacles which do not ensure
favorable conditions to realize the energy saving potential.
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The event was highlighted in the media:
Civilnet - http://civilnet.am/2014/07/04/energy-week-2014-inarmenia/#.VG7Qt_mUf3c (Arm)
Armrefnews http://armef.com/news/category/interview/article/article_1415023787 (Arm)
PanArmenian - http://www.panarmenian.net/arm/photoset/6426 (Arm)
Panorama - http://www.panorama.am/am/all-photos/490/#ad-image-0 (Arm)
Republic of Armenia Daily http://www.hhpress.am/?sub=hodv&hodv=20140703_17&flag=am (Arm)
Opening of a Newly Enveloped Demo Building in Yerevan
On September 19, 2014, the official opening ceremony of the building enveloped by the
Project, located in #6 Daniel Varouzhan str, Avan Administrative District, was held. As a result of
enveloping of the building the energy performance was improved for about 60% (reduced from
178kWh/m2year to 74kWh/m2year).

The event has been highlighted in the media:
1. A1+ - http://www.a1plus.am/1338386.html (Arm)
2. Armenpress - http://armenpress.am/arm/news/776963/-avanum-bacvel-e-arajinjermaardiakanacvats-shenqy.html (Arm)
3. News.am - http://news.am/arm/news/229831.html\ (Arm)
4. Shamshyan.com - http://shamshyan.com/hy/article/2014/09/19/27672/ (Arm)
5. Aravot Daily - http://www.aravot.am/2014/09/19/498552/ (Arm)
6. Panorama - http://www.panorama.am/am/society/2014/09/19/avan/ (Arm)
7. MediaMall.am - http://topnews.mediamall.am/?id=94925 (Arm)
Henaran.am - http://henaran.am/news_view.php?post_id=47311 (Arm)
Delovoy Express - http://www.express.am/article/34_1078/view/zavershenatermomodernizacija-pervogo-zdanija-v-armenii.html (Rus)
8. Yerevan City Hall Official Website - http://www.yerevan.am/am/news/avanowmbats-vel-e-hayastani-jermaardiakanats-vats-arhajin-shenk-e/ (Arm, Rus, Eng)
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The Khoren and Shooshanig Avedisian School and Community Center Inauguration Ceremony
On October 8 2014, the official inauguration ceremony
of the Khoren and Shooshanig Avedisian School and
Community Center was held. The School is a landmark
“green” building and the first international LEED
(Leadership in Energy and Environmental Design)
certified building in Armenia.
The Avedisian School is a joint project of the United
Nations Development Program and the Armenian
Missionary Association of America. UNDP provided a
grant for thermal insulation and by providing technical
expertise including bringing in ideas from the new
“green” UN City Building in Copenhagen, Denmark to
learn from the experience of its design and
construction.

The event has been highlighted in the media:
1. Henaran.am - http://henaran.am/news_view.php?post_id=48386
2. Armenian Missionary Association of America Official Website http://amaa.am/news_view.php?page=events&id=191
3. Armenian Iranians News Portal http://www.iranahayer.com/index.php/armenianews/21669.html
5.3 Awareness raising activities, materials and publications
The Project initiated a number of large-scale public relations campaigns that covered a number
of target audiences through various tools, including:


Project Newsletter for January-September 2014



Drafting and publishing of brochure “Save Energy” Advises over Energy Efficiency



Drafting and publishing of a factsheet on “The Potential of Improving Energy
Efficiency in Panel Multi-Apartment Buildings in the republic of Armenia”



Drafting of textbook “Green Architecture: Energy Efficiency and Renewable Energy”

The textbook offers approaches and solutions to students and practitioners in Armenia with the
hope that they will join the global effort in reducing the use of energy and increasing relation
on clean, renewable resources of energy. The textbook is still in the process of drafting. The
publishing is anticipated to take place in December 2014.
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Project Newsletter for January-September 2014
The Project places great importance on informing its key stakeholders and
partners about the key developments and events on a regular basis by
disseminating print and electronic versions of the quarterly Newsletter. In
2014 one issue of the Newsletter (January-September) has been published
and disseminated.

Handbook “Save Energy” Advises over Energy Efficiency
The handbook aimed at raising the awareness of residents of buildings
over energy saving and energy efficiency issues.

Factsheet on “The Potential of Improving Energy Efficiency in Panel Multi-Apartment
Buildings in the Republic of Armenia”
This factsheet has been published over the enveloping works of a building
located in Avan Administrative District of Yerevan. It involves information
about different implementation stages and the final results of the project.

5.4 Seminars, Conferences
Project Takes Part in the South Caucasus Infrastructure & New Energy Investment Summit
In February 2014, the Project took part in the South Caucasus Summit on New Investment into
Infrastructure & Energy, held in Tbilisi, Georgia. The event was dedicated to urban and regional
environmentally friendly infrastructure development, investment opportunities in new energy
power generation, as well as expansion of renewable markets and cross-border energy
infrastructure.
More information about the event can be found here:
http://www.gulfoilandgas.com/WEBPRO1/Events/event_details.asp?id=1755
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Project Takes Part in a Seminar on Energy Efficiency Investment Projects Pipeline
In April 2014, the Project participated in a seminar on
Energy Efficiency Investment Projects Pipeline, held in
Bangkok, which was organized by the United Nations
Economic and Social Commission for Asia and the Pacific
(UN ESCAP) in collaboration with the United Nations
Economic Commission for Europe (UN ECE).
More information about the event can be found here:
http://www.unescap.org/events/inter-regional-workshop-energy-efficiency-investmentprojects-pipeline (Eng.)
Project Takes Part in the South Caucasus Energy Forum
In May 2014 the Project took part in the South Caucasus Energy Forum with participation of
relevant representatives from Armenia, Georgia, Azerbaijan and Turkey, took place in Istanbul.
The Forum participants discussed over the need of energy independence and diversification,
the clean energy policies and projects.
Project Takes Part in the Fifth International Forum on Energy for Sustainable Development
On 4-7 November 2014 the Project took part in the 5th International Forum on Energy for
Sustainable Development, held in Tunisia. At the Forum current energy policies and possible
international cooperation was discussed.
More information about the event can be found here:
http://www.unece.org/fileadmin/DAM/energy/se/pdfs/ee21/Forum_November_Tunisia/IFESD
-5Draft_Agenda10-31a.pdf
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ANNEX 1
List of the Reports Produced and Works Performed in the Frames of the Project
in the Reporting Period
Mikhail Vermishev
Assessment of energy saving and greenhouse gases emission reduction due to implementation
of energy efficiency improvement measures in the multi-apartment demonstration buildings.
Tigran Sekoyan
“National Institute of Standards” CJSC
Development, testing and registration of technical specifications for construction insulation
materials of local production
Artur Tsughunyan
Monitoring, energy passport compilation and certificate preparation for energy efficient
demonstration building in Goris town (151a Mashtots Street)
Monitoring, energy passport compilation and certificate preparation for energy efficient
demonstration building in Avan administrative district of Yerevan city (bld. #6, D.Varuzhan
residential area)
Feasibility study for thermal insulation works of buildings’ envelopes in large cities of Armenia
Arsen Karapetyan, Tigran Sekoyan
Draft voluntary building rating system.
Arsen Karapetyan, Mikhail Vermishev, Artur Tsughunyan
Energy efficiency improvement potential in panel multi-apartment buildings in the RA
Arsen Karapetyan, Artur Tsughunyan, Apres Nazaryan
Comparative analysis on costs and measures as per baseline and thermally recast
reconstruction designs of a public building (in the instance of school reconstruction project in
Marts community of Lori marz of the RA)
Arsen Karapetyan, Apres Nazaryan
YSUAC SCJSC, “AE Consulting” LLC, “Lavo” LLC
Development and expertise of reconstruction design for energy efficiency improvement in a
building of series A1-451 KP1p/9 in Avan residential area of Yerevan city.
Mikhail Vermishev, Tigran Sekoyan, Artur Tsughunyan
Development of methodology for energy audit of residential and public buildings
Arsen Karapetyan, Tigran Sekoyan
Scientific Research Institute of Energy CJSC
Harmonization of EU EPBD and its supporting six standards.
Alen Amirkhanian, Tigran Sekoyan, Marianna Arzangulyan, Vahram Jalalyan
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Development and editing of ten educational modules on integrated building design and energy
efficient building design for incorporation into the curricula of higher educational institutions.
Nazineh Khalafyan, Marianna Arzangulyan
Draft and publishing of the Project’s newsletters, leaflets, banners, factsheets, media digests.
Coordination of the opening ceremony of existing residential building, newly enveloped
(thermally recast) in the frames of the Project, in Avan administrative district, Yerevan city.
Organization of different Project-related seminars, organization of a lesson at school dedicated
on Environmentalist Day.
Svetlana Galoyan
Upon completion of energy efficiency improvement measures, implementation of a public
survey among residents of multi-apartment buildings #5 and #6 of D.Varuzhan area of Avan
district of Yerevan city.
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ANNEX 2
The Project’s Partners and Contractors
Yerevan city Municipality

"National Institute of Standards" CJSC

"Scientific Research Institute of Energy" State CJSC

Armenian Missionary Association of America

American University of Armenia

Yerevan State University of Architecture and Construction

“Glendale Hills” CJSC

“Architon” LLC

“Shincertificate” LLC

“AE Consulting”LLC
"Legion Parisp" LLC
"Al Hamra Real Estate Armenia" LLC
"Arpine Gor" LLC
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ANNEX 3
Technical Passport of building #6, Daniel Varuzhan residential area, Avan administrative district, Yerevan city
Building #6, Daniel Varuzhan residential area, Avan administrative district, Yerevan city
Date of commissioning
Number of floors
9
Number of entrances
1
Volume of the building, m3
8370
Height, m
27
Total area of the construction, m2
3384
Total area of apartments, m2
2790
Total area of uninhabited areas, m2
594
The land area required for the maintenance of the building, m2
310
1. Number of apartments, including:
36
1.1. one-room
5
1.2. two room
11
1.3. three-room
17
1.4. four-room
3
2. Number of uninhabited construction
Description of the buildings and property of the Common Use
Baseline option
Proposed option
3. Basement
Bearing panel
Bearing panel
4. Pillars and beams
Waterproof masonry paint, prime coating (univeersal), glass-mess
300 mm reinforced concrete panels, layer of gaj
5. Walls and their elements
reinforced adhesive layer, 60 mm thick extruded foam polystyrol slab,
(plaster)
adhesive layer, coating, 300 mm thick panle layer, gaj layer (plaster)
6. Ceilings and floors
Assembled round cellular reinforced concrete slab
Assembled round cellular reinforced concrete slab
7. Layered rubber-metallic supporting
constructions for seismic insulation
8. Basement, technical floor and attic
exists
exists
9. Roofs and roof drainage equipment
deck roof
deck roof
10. Entrances, stairways and stairwells
1 entrance
1 entrance
11. Garbage chutes
12. Airwells, air outlets and chimneys of exhaust
air ducts
air ducts
ventilation
13. Elevators, household heating boilers, air
Local double-circuit gas boiler, gas oven, electrical
Local double-circuit gas boiler, gas oven, electrical heater, centralized
conditioners and fans, and other appliances
heater, centralized heat supply system
heat supply system
Water supply, sanitation, power supply and natural
14. Engineering networks
Water supply, sanitation, power supply and natural gas supply
gas supply
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ANNEX 4
Energy Passport of building #6, Daniel Varuzhan residential area,
Avan administrative district, Yerevan city
In the energy passport of the building, complex and thermal-technical indicators of
energy efficiency are structured into five columns.
Values of indicators in line with RA CN II-7.02-95 “Thermal physics of
building envelopes”: 100% comfort level (indoor air temperature of 20°C,
outdoor air temperature of 1°C, the building is heated in its whole volume,
length of heating season of 140 days)
Values of indicators in line with the data of building’s initial design (open
Indicator value
balconies): 100% comfort level (indoor air temperature of 20°C, outdoor air
for baseline
temperature of 1°C, the building is heated in its whole volume, length of
option
heating season of 140 days)
Values of indicators in line with the building’s measurement data (closed
Indicator value
balconies): 100% comfort level (indoor air temperature of 20°C, outdoor air
for amended
temperature of 1°C, the building is heated in its whole volume, length of
option
heating season of 140 days)
Values of indicators in line with the data of actually reconstructed building
Actual
with 100% comfort level (indoor air temperature of 20°C, outdoor air
normalized value
temperature of 1°C, the building is heated in its whole volume, length of
of indicator
heating season of 140 days)
Values of indicators in line with the data of actually reconstructed building
Actual value of with 84% comfort level (indoor air temperature of 16°C, outdoor air
indicator
temperature of -1.6°C, the building is heated in its whole volume, length of
heating season of 140 days)
Required value
of indicator
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1. General information
Passport elaboration date
Address
Project designer
Address and phone number of designer
Design code
Purpose of the building, series
Number of floors and sections
Number of apartments
Estimated number of residents or employees
Accommodation on the construction area
Constructive solution

D. Varujan #6 building, in Avan, Yerevan, RA
“AE Consulting” LLC

Residential, AI-451 KP1P/9
9
36
107
separate
bearing panels

2. Estimation/Design Conditions
№

Title of estimated indicator

1

Design outdoor temperature
Average outdoor temperature during the
heating season
Duration of the heating season
Degree*days of heating season
Design indoor temperature
Design temperature of last floor
Design temperature of cellar

2
3
4
5
6
7

Required
value of
indicator

Actual
normalized
value of
indicator

Symbolic
notation of
indicator

Unit of
measure

tout

°C

-19

-19

Taverage

°C

1

-1.6

zdd
Dd
Tins
Tattic
Tcellar

day/year
°C ∙day/year
°C
°C
°C

140
2660
20

140
2419
16

Indicator value for
baseline option

Indicator value for
amended option

2.7

Actual
value of
indicator

5.6

3. Geometric Indices
№
8
9
11
12
38

Title of indicator
Total area of floors
Inhabited area
Heated volume
Glazing ratio

Required
value of
indicator

Indicator value for
baseline option

Indicator value for
amended option

2

3384

3384

3384

Actual
normalized
value of
indicator
3384

2

2790
8806.63

2381
7515.62

2790
8806.63

2790
8806.63

Symbolic
notation of
indicator

Unit of
measure

Atotal

m

Ares
Vheat
f

m
3
m

Actual value
of indicator
3384
2790
8806.63

13

Index of the compactness
Total area of building envelope, including:
– facade
– external walls

14

– star-lift unit windows
– windows and balcony doors
– entrance doors
– covering
– technical cellar or basement ceiling

Kcompactness
area
Atotal
Afacade

m
2
m

0.447
3738
3118

0.444
3171
2651

0.447
3738
3118

0.447
3738
3118

0.447
3738
3118

Awall1

m

2

2148

1444

2148

2148

2148

2

528

835

528

528

528

2

370

300

370

370

370

2

72

72

72

72

72

2

310
310

260
260

310
310

310
310

310
310

Required
value of
indicator

Indicator value for
baseline option

Indicator value for
amended option

Actual
normalized
value of
indicator

Actual value
of indicator

2

2.46

0.5

0.5

2.39

2.39

2

0.55

0.5

0.5

0.5

0.5

2

0.39
0.39
3.53
3.23

0.39
0.39
0.56
0.71

0.44
0.35
0.56
0.71

0.44
0.38
0.56
0.71

0.44
0.38
0.56
0.71

2

Awall2

m

Awind

m

Adoor

m

Aattic
Afloor

m
2
m

4. Thermotechnical Indices
№

Title of indicator
Reduced thermal resistance of building
envelope, including:
– external walls

15

– Star-lift unit windows
– windows and balcony doors
– entrance doors
– covering
– technical cellar or basement ceiling

Symbolic
notation of
indicator

Unit of
measure

Rreduced

m ∙°C /W

Rwall1

m ∙°C /W

Rwall2
Rwindow1
Rdoor
Rattic
Rfloor

2

m ∙°C /W
m ∙°C /W
2
m ∙°C /W
2
m ∙°C /W
2
m ∙°C /W

5. Auxiliary Indicators
№
16
17

Symbolic
notation of
indicator

Unit of
measure

General heat transmission coefficient

Kgen

W/(m ∙°C)

Heating season ventilation multiplier given
specific normalized ventilation status in the
building

Nair

hour

Title of indicator

2

-1

Required value
of indicator

Indicator value
for baseline
option

Indicator value
for amended
option

Actual
normalized
value of
indicator

Actual value
of indicator

0.6

1.741

1.891

0.799

0.766

0.286

0.291

0.286

0.286

0.284
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18

Specific household thermal energy switchoffs in the building

19
20
21

2

Qhousehold

W/m

Tariff of thermal energy for designed
building

Сprice

Specific costs of heating appliance and
connection to the heating network
Specific return from unit energy saving

17

16.477

15.424

15.424

15.424

AMD/kWh

-

-

-

-

Сheat

AMD/(kWh/
year)

-

-

-

-

Wreturn

AMD/(kWh/
year)

-

-

-

-

6. Specific Indicators
Required value
of indicator

Indicator value
for baseline
option

Indicator value
for amended
option

Actual
normalized
value of
indicator

Actual value
of indicator

3

0.27

0.773

0.845

0.36

0.34

3

0.088

0.089

0.088

0.088

0.088

3

0.298

0.289

0.271

0.271

0.298

3

0.013

0.013

0.013

0.013

0.015

№

Title of indicator

Symbolic
notation of
indicator

22

Specific performance factor of heat-shielding

Kheat-shielding

W/(m ∙°C)

23

Specific performance factor of ventilation

Kventilation

W/(m ∙°C)

24

Specific performance factor of household
heat release

Khousehold

W/(m ∙°C)

25

Specific performance factor of solar radiation
heat inputs

Kradiation

W/(m ∙°C)

Unit of
measure

7. Coefficients
№
26
27
28
29

40

Title of indicator
Efficiency factor of heating self-regulation
Factor of heat consumption decrease in
residential buildings if heat consumption
records are made for each apartment
Efficiency factor of recuperator (heat recovery)
Coefficient accounting for decrease in use of
heat inputs during their exceeding the heat
losses

Symbolic
notation of
indicator

Required
value of
indicator

Indicator value for
baseline option

Indicator value for
amended option

Actual normalized
value of indicator

Actual value
of indicator

ζ

0.5

0.5

0.5

0.5

0.5

ξ

0

0

0

0

0

Krecovery

0

0

0

0

0

ν

0.74

0.74

0.74

0.74

0.74

30

Coefficient accounting for additional heat
losses from heating system

bh

1.13

1.13

1.13

1.13

1.13

8. Complex Energy Efficiency Indices

№

31

32

Required value
of indicator

Indicator value
for baseline
option

Indicator value
for amended
option

Actual
normalized
value of
indicator

Actual value
of indicator

0.271

0.848

0.931

0.384

0.356

0.319

0.319

0.319

0.319

0.319

C+

E

E

D

Required value
of indicator

Indicator value
for baseline
option

Indicator value
for amended
option

Actual
normalized
value of
indicator

Actual value
of indicator

3

17

54

59

25

21

2

kWh/m ∙year

52

162

178

74

62

annual
heating

kWh/m∙year

144782

386678

497322

205315

173047

annual
total

kWh/m∙year

189883

393229

498127

237519

208964

Symbolic
notation of
indicator

Title of indicator

q

Estimated specific performance factor for
heating and ventilation in heating season

2

Energy efficiency class (category)

34

The compliance of the building’s design with
the requirements of the existing norms on
thermal protection

3

W/(m ∙°С)
2

W/(m ∙°С)

W/(m ∙°С)

stand
heating

W/(m ∙°С)

q

Standardized specific performance factor for
heating and ventilation in heating season

33

est
heating

Unit of
measure

2

W/(m ∙°С)

3
2

W/(m ∙°С)

9. Energy Load of the Building
№

Title of indicator

36

Specific consumption of heat energy for
heating and ventilation purposes during
heating season
Consumption of heat energy for heating and
ventilation purposes during heating season

37

Total heat loss during heating season

35

Symbolic
notation of
indicator
q
Q

Q

Unit of measure
kWh/m ∙year
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ANNEX 5
Energy Efficiency Label of the Building #6 of D.Varuzhan residential area
of Avan administrative district of Yerevan city
Energy efficiency class of the building was identified in accordance with AST 362-2013 “Energy
Saving. Building Energy Passport. Main Provisions. Typical Forms”
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ANNEX 6
Findings of the public survey among residents of multi-apartment buildings
#5 and #6 of D.Varuzhan area of Avan district of Yerevan city
In the frames of the project, demonstration project on thermal recast was implemented
in the bld. #6 of D.Varuzhan area of Avan district of Yerevan city. The building’s energy
performance monitoring was performed. For comparison purposes, energy performance of bld.
#5 of D.Varuzhan residential area was also studied, where no energy efficiency improvement
activities were performed.
In these two buildings, a public survey was conducted among residents on March 17 to
19, 2014, with the following purposes.
In bld.#6: explore the residents’ perception and assessment of the immediate impact of
the implemented energy saving and thermal insulation measures on their apartments’ comfort
level and amounts paid for heating services in the months of heating season (December,
January, February). Importance was given also to the residents’ views on the Project’s
advantages and shortcomings for further consideration in the pilot’s replication process.
In bld.#5: study comfort level in apartments in the same period and amounts charged for
heating services for further comparison with the respective data on bld.#6.
The survey was implemented:
 In 31 apartments of bld.#6 (86%). The remaining 5 apartments were omitted due to
two of them being “closed” (uninhabited), another two rented away, and perpetual
absence of the other one’s residents;
 In 29 apartments of bld.#5 (80%). The remaining 7 apartments were omitted due to
two of them being “closed” (uninhabited), another one being under capital
renovation with no residents in winter, residents of another two refused to
participate in the survey, and the other two rented away.

Study results
o Before the start of heating season 2013-2014, in comparison with the previous seasons, in
some of apartments of bld.#6 certain efforts were undertaken to change heating services
arrangement and improve energy efficiency.
In particular:
-

In three apartments, heat supply was altered: in one, gas oven was replaced with
centralized system, while in the other two, gas burning appliances were replaced with
electrical batteries;

-

In five apartments, energy efficient windows were installed that replaced 20 to 100 % of
the old ones.

Improving Energy Efficiency in Buildings UNDP-GEF/00059937 project
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In bld. #5: in one apartment gas burning individual boiler was installed (BAXI), while in six
apartments energy efficient windows were installed that replaced 20 to 100 % of the old
ones.
o For most of these two buildings, the apartments were heated as a whole.
In bld. #6: only six (about 19%) of the 31 respondent apartments were heated partially in the
heating season 2013-2014 with unchanged mode of heat supply in four of them. The main
reason is financial one.
In bld. #5: four (about 14%) of the 29 respondent apartments were heated partially in the
heating season 2013-2014, also due to financial reasons.
o In bld. #6: to the question on energy efficiency improvement measures’ impact on
apartment comfort level, residents of 12 apartments (39%) responded “significant”, of 17
(55%) – “average”, of one – “insignificant”, while the remaining one’s residents could not
make comparisons as they were new to the building.
As for average air temperature ensured during the heating season 2013-2014, 23% of
apartments had 21˚C and more, 54% had 19 to 21˚C, and 23% had 16 to 18˚C.
During the previous heating seasons, the average air temperature pattern was as follows:
13% of apartments had 21˚C and more, 39% had 19 to 21˚C, 45% had 16 to 18˚C, and one
apartment – below 15˚C:
These data show improvement tendency in thermal comfort of apartments in the building.
Noteworthy, in 30% of the apartments, average air temperature increased by 2 to 3˚C.
In bld. #5: average air temperature during the heating season 2013-2014 was at 21˚C in 10%
of apartments, 19 to 21˚C in 34%, 16 to 18˚C in 52%, and below 15˚C in one apartment.
o In bld. #6: to the question on decrease in amounts charged for heating services, residents of
one apartment (3%) responded “significant”, 36% - “average”, 16% - “insignificant”, and
35% noted no such decrease, while residents of three apartments (10%) could not answer
as were not constantly living in their apartments in the heating season. Noteworthy, almost
all the answers included a comment on relatively lower savings due to higher current
natural gas and power tariffs and relatively colder winter.
Conditional on family budget, mode of heat supply chosen, and thermal comfort in the
apartments, average monthly charged varied between 10,000 and 50,000 AMD in heating
season 2013-2014. The largest share of apartments (33%) paid 25,000 to 30,000 AMD
monthly for heating, while in the previous heating season those paying 35,000 to 40,000
AMD per month made the largest share (40%). Due to project implementation, in about
42% of apartments, heating charges reduced by 5,000 to 20,000 AMD monthly with comfort
levels either sustained or improved.
In bld. #5: average monthly charged varied from 10,000 and exceeded 60,000 AMD in
heating season 2013-2014. Average monthly changes for heating services varied between
25,000 to 30 000 for 28% and between 35,000 to 40,000 for 31% of apartments.
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Summary of findings
Summarizing responses of residents of buildings #5 and #6 of D.Varuzhan residential
area, the following is revealed.
o Before the start of heating season 2013-2014, in 25% of apartments of buildings #5 and
#6, certain efforts were undertaken to change heating services arrangement and
improve energy efficiency.
In bld. #6:
o Residents of all apartments noted comfort level improvements after the project’s
implementation with residents of 12 apartments (about 39%) naming those “significant”
and 17 (about 55%) – “average”.
o During the heating season 2013-2014, average air temperature in 23% of apartments
was at 21˚C and more, in 54% - at 19 to 21˚C, and in 23% - at 16 to 18˚C. Compared with
previous heating season, in 30% of the apartments average air temperature increased
by 2 to 3˚C.
o To the question on decrease in amounts charged for heating services, residents of one
apartment (3%) responded “significant”, 36% - “average”, 16% - “insignificant”, and 35%
noted no such decrease. Most of the answers included a comment on relatively lower
savings due to higher current natural gas and power tariffs and relatively colder winter.
o In heating season 2013-2014, average monthly charged varied between 10,000 and
50,000 AMD, depending on family budget, mode of heat supply chosen, and thermal
comfort in the apartments. The largest share of apartments (33%) make those paying
25,000 to 30,000 AMD monthly for heating.
o In about 42% of apartments, heating charges reduced by 5,000 to 20,000 AMD monthly
with comfort levels either sustained or improved.

In bld. #5:
o During the heating season 2013-2014, average air temperature was at 21˚C in 10% of
apartments, 19 to 21˚C in 34%, 16 to 18˚C in 52%, and below 15˚C in one apartment.
o In heating season 2013-2014, average monthly charged varied from 10,000 and
exceeded 60,000 AMD. Average monthly changes for heating services varied between
25,000 to 30 000 for 28% and between 35,000 to 40,000 for 31% of apartments.
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