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Energy Efficiency Training Week: Buildings Program
Where to start: Energy use in buildings

Where to start: Energy efficiency potential in buildings

Toolkit: Energy efficient building design

Toolkit: Energy efficient building technologies

Where do | get help? IEA’s Technology Collaboration Programmes

Toolkit: Energy efficiency policies and target sefting

What are the steps? Enabling investment with energy efficiency policies
What are the steps? Implementing building energy codes and standards
What are the steps? Building operations and procurement

Special session. The multiple benefits of energy efficiency

Did it work? Evaluation and energy efficiency indicators

Where do | get help? International and regional energy efficiency initiatives
Energy efficiency quiz: Understanding energy efficiency in buildings
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Energy Efficiency Training Week: Buildings

Trainers: Brian Dean and Pierre Jaboyedoff

Purpose: To teach the fundamentals of building energy codes
and standards. This course will include discussions of
regulation types (e.g. mandatory, voluntary and stretch
codes) and compliance paths (e.g. prescriptive,
performance and outcome-based).

Scenario: A respected industry association claims that the
building energy codes are out of date. How do you advance
building energy codes in your jurisdictione



Building energy code vision

Review IEA’s Policy Pathway

Set a strategy




Building energy codes: policy pathway

gltzmzb‘oni
. nergy Agency
lea/

Modernising Building
Energy Codes

POLICY PATHWAY

Modernising Building
Energy Codes

2
if

'an
- = O
s

to Secure our Global
nergy Future
N5 .

Pathway

www.iea.org/publications/policypathwaysseries/ © OECD/IEA 2018



Building energy codes: policy pathway
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www.iea.org/publications/policypathwaysseries/

Energy efficiency

B Reduce energy consumption

Building energy codes
S&L policies

Mandatory S&L for:
overall building energy
performance
building elements
and equipment

ENERGY IS ST
iea .“?

Renewable energy

M Reduce CO, emissions
by using renewable energy

Land-use policies
Building energy codes
S&L policies for equipment

Mandatory share of supply
from renewable energy sources
Mandatory S&L for equipment
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Building energy code types

Prescriptive
Simple trade-off
Performance

Outcome-based




Building energy code types

Prescriptive Codes:

Specify requirements for key elements such as wall and ceiling insulation, window and doors, roofs,
foundations, heating, ventilation air-conditioning, equipment efficiency, water heating, lighting
fixtures, and controls.

Compliance with these codes is commonly assessed by checking the list of prescribed requirements.

Simple Trade-Off Codes:

Allow for trade-offs between similar building components. For example, less efficient insulation for
more efficient windows in the building envelope.

Performance Codes:

Specify a minimum required level of energy consumption or intensity for the whole building. They
require energy modelling to be conducted at design stage.

Compliance is commonly checked by comparing the modelled energy performance of the design
with a reference building of the same type.

Outcome-based Codes:

Demonstration of performance during the operation of buildings.

Col_mplionce is typically possible through energy performance certificates or with energy disclosure
policies.

© OECD/IEA 2018
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Building energy code process

Set roles with stakeholders
Create a roadmap timeline with targets s

Understand the steps of implementation

—
= W

Achieve confinuous improvement
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Building energy codes: 4-part governance &
e Technical Lead: ( e Lead: )
L TBD Implementing jurisdiction
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Source: Mexico and IEA © OECD/IEA 2018



Building energy codes: 4-part governance roadmap

2017 2020

2030

{ ied

MSERVE [T

2050

Short-term

Program for certification and
training of professionals,
labelling buildings and
awareness plan

Capacity Building

National

Development model code

code & 10%

savings stretch

Model code adoption: 7 cities

Adoptlon Stretch code adoption: 3 cities

>50% verification and
certification of compliance
with adopted building energy
code

Enforcement

Evaluation of code adoption
and enforcement of model and
stretch codes with
recommended updates

Review & Update

Source: Mexico and IEA

National model

Medium-term

zero emission buildings

10% saving model
code & 20%
savings stretch

Model code adoption: 100
Stretch code adoption: 20

>75% verification and
certification

Evaluation of code
adoption and enforcement
with recommended
updates

Program to train cities and builders on building
energy codes, energy labelling and to pilot net

20% saving
model code &
40% stretch

Model code adoption: 200
Stretch code adoption: 40

>95% verification and
certification

Evaluation of code
adoption and enforcement
with recommended
updates

30% saving
model code &
60% stretch

Long-term

40% saving

80% stretch

model code &

Program to train cities and builders on net zero emisssion buildings

50% saving
model code &
NZEB stretch

Adoption of building energy codes by 100% of local jurisdictions.

100% verification and certification

Evaluation of code
adoption and enforcement
with recommended
updates

Evaluation of code
adoption and enforcement
with recommended
updates

© OECD/IEA 2018



Achievable and aspirational building energy codes o B

Model code: a code that is used as a basis for multiple jurisdictions to
adopt and implement

Stretch code: a code that has higher energy efficiency requirements than
the base model code.

To allow local jurisdictions to adoption higher energy efficiency requirements
To enable incentive programs tied to higher efficiency levels

© OECD/IEA 2018



Building energy codes: implementation

Before issuing construction permr

@ review plans;

@ review test reports of construction m.

Check

@ review calculation assumptions; compliance at

the design stage

@ review thermal calculation results.

When the building is occupied:

® meter energy consumption at least

] , Check compliance
during the first two years of occupancy;

when the building

@ adjust heating, cooling, ventilation
and lighting systems;

is occupied

® implement energy managment system;

@ work with end-users on their behaviour.

www.iea.org/publications/policypathwaysseries/

Check
compliance at
the construction stage

Check compliance
prior to the occupancy
of the building :

lea/

CANSERVE 1T

At the construction stage:

© at least one to two random on-site checks;
© review list of materials substituted in the field;

© review test reports indicating
the approval of the changes;

@ ensure insulation is well installed.

Before issuing occupancy permit:

@ conduct blower-door test;
o fix the leaks;
® check each building system;

© conduct comprehensive commissioning.

© OECD/IEA 2018



Building energy code continuous improvement - Germany 5 i

Germany has used increasing regulation and increasing technology R&D 1o
achieve a 75% reduction in heating energy use from 1975-2015

Heating energy in Germany codes
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— Residential Best-in class

Source: IEA Energy Efficiency Market Report © OECD/IEA 2018
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Building energy codes:

India’s Energy Conservation Building Code

India’s Energy Conservation Building Code - Residential



India’s Energy Conservation Building Code 2017 i3

Code update process:

pdate Priorities, Scope and

» Working Groups
- Market Assessment
- Technical Analysis

- International Best
Practice

- Expert Comments l

et azzes=ment- Baseline
and data collection

« Technical Committee
3. Stringency Anahysis and draft

- Regionol and recommendations
National Workshops

- Public Consultation

ﬁ Ministry of Power

codeand Impact anahlvzis
‘Government of India

- Steering Committee

- Overall Review and
Guidance

ECBC2017

ﬂ Bureau of Energy Efficiency
cowstive 1 Ministry of Power, Government of India
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India’s Energy Conservation Building Code 2017: Objective -

» Systematic implementation and

enforcement
FOCUS ON PASSIVE DESIGN EROVED EPACE EC NG
STRATEGIES
» Strong push towards energy equREMENTS SPECCTO EFFICIENCY LEVELS
efficiency CLIMATE AND BUILDING TYPOLOGY e TECHNOLOGY NEUTRAL
e DAYLIT AND SHADED BUILDINGS DAYLIGHT & OCCUPANT
SENSITIVE CONTROLS

» Net Zero Energy Building Vision by
matching both energy efficiency () creenano cooL roors
and renewable energy

Electrical & Renewables

» Response to recent
technological advancements

» Applicable to various categories
of buildings and passive design
strategies

» Technology neutral

© OECD/IEA 2018



India’s Energy Conservation Building Code 2017: Estimated impact e A

Energy Performance Index (kWh/m2-yr)
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213 224 217

196

33%

44%

Cold Composite Hot Dry Moderate Warm Humid
M Typical Building = ECBC ECBC+ SuperECBC
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India’s Energy Conservation Building Code 2017: Compliance fee

Buildings applying for ECBC Compliance

y
Meet Mandatory Provisions

\ 4 v
Prescriptive Method Whole Building
Performance Method
|
v v ¥
All building components need to Envelope Trade-off Annual Energy Simulation
comply the code individually Method of Whole Building
]
v ¥
Allows trade-off among envelope components (Wall, Roof &
Fenestration) based on total Envelope Performance Factor KWhroposea S KWNGescritive
EPFproposed < EPFprescripTive

¥

Other building components need to comply the code
individually

© OECD/IEA 2018



If all requirements of the
prescriptive path are met,
then the building is deemed
to have an EPI ratio of 1

For performance path and
EPI ratio of ECBC compliant
building = 1 [mandatory]

EPI ratio of ECBC+ and
SuperECBC buildings varies
based on table for different
building types in different
climate zones

India’s Energy Conservation Building Code 2017: Compliance

ENERGY 1§ LR
iea

, EPI of the Proposed Building
EPI Ratio = T
EPI of the Standard Building
Composite
Building Type ECBC ECBC+ | SuperECBC
Hotel (No Star and Star) 1 0.91 0.81
Resort 1 0.88 0.76
Hospital 1 0.85 0.77
Outpatient 1 0.85 0.75
Assembly 1 0.86 0.77
Office (Regular Use) 1 0.86 0.78
Office (24Hours) 1 0.88 0.76
Schools and University 1 0.77 0.66
Open Gallery Mall 1 0.85 0.76
Shopping Mall 1 0.86 0.74
Supermarket 1 0.81 0.70
Strip retail 1 0.82 0.68

© OECD/IEA 2018



Energy Conservation Building Code: Implementation status

» Status of
Implementation

« Update ¢

» Present status ¢

» Towards unified
by-laws at State

level ¢ E.Q.
Gujarat, Rajasthan

Source: UNDP-GEF-BEE, 2017

ECBC
Amendment

ECBC
Notification

Notification in
state bye-laws

Notification at
Municipalities

Enforcement

Schedule of
Rates -PWD

ECBC Cell

Training &
Capacity
Development
Energy
Simulation
Software
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Energy Conservation Building Code State level governance map

ANDHRA PRADESH & TELANGANA: 88

Source: Khosla, 2016

lllustrative ECBC governance map

Municipal
administration
and urban
development
(MAUD)
department

Chief secretary

Municipal
corporations

State-level
technical

tommittee

convener: ASCI--

Urban local
bodies

Alliance for an
Energy Efficient
Economy

Energy =Y

department
SDA

Stakeholder
consultations

Electricity distribution |-

companies

Directorate

:

New and Renewable -

energy development
corporation of
Andhra Pradesh (state
designated agency)

oftown and

country Amend and

planning approve by-laws

Nagar
panchayats
ECBC adoption
Public works ; v
in the state

department
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Energy Conservation Building Code State level governance map

Source: Khosla

National Level

State Level

Local Level

Develops ECBC

Ministry of Power: Bureau of Energy Efficiency

Energy Department
Provides technical support for ECBC
implementation

KARNATAKA: Illustrative ECBC governance map g

Allionce for o
Energy Efficie
onomy

Ministry of Urban Development
Responsible for the building guidelines and approval

—

Public Works

|

Department

—

Urban Development Department
| Develops state development control

regulations

e e e [\ [
e ngineering
KREDL (SDA) AT Division
S (KT ECBC
Administers ECBC
Cell) N
City Corporation Urban local Bodies (Municipality) Town Development Offices

Updates municipal building byelaws to be

complaint with ECBC

Town planning offices include provisions
into local bye laws
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Energy Conservation Building Code o 8

Questions (text taken from ECBC Delhi 2018)

3.1.2.3 EPI Ratio for Core and Shell Buildings

EPI for core and shell buildings shall be calculated for the entire building based
on the final design of the common areas and the relevant mandatory

undertaking(s) in the tenant lease agreement for the leased areas, as per
§3.1.2.1 or §3.1.2.2.

HVAC Definition ¢
As per drawings ¢
Actual construction ¢
Tenant freedom ¢
Contract with tenants ¢

© OECD/IEA 2018



India’s Energy Conservation Building Code - Residential -

ﬁ“ Proposed draft ECBC-R development &
ENERGY CONSERVATION BUILDING o) consultafions
DT SULONGEWEGPE The approach, the development and the
| code draft has been reviewed by the Steering
eriteS | Committee, the Technical Committee, by a
D‘Oé\(;\ie(\“af“om il 52 consultation on the web site of BEE and by
‘f& Com‘(ge \ consultations in cities like Chennai, Delhi,
ooﬁfo\\c“o“s Calcutta, Mumbai
(©)
- : ‘ EER 0 All comments have been taken intfo account
ﬂg “ N and included in the draft code in consultation
; ! with BEE
y Final draff has been submitted to BEE
m e

's.‘"

BUREAU OF ENERGY EFFICIENCY (BEE) ‘& ave
(Minisrycf Power,Govemmentof d) - &f e
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COP 24 Indian Pavillion
Monday 10th December at Katowice
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ECBC-R application

1.7. The code is applicable to all residential buildings and residential
parts of ‘mixed land-use projects’, both built on a plot area of 2500 m=2.

However, states and municipal bodies may reduce the plot area
based on the prevalence in their area of jurisdiction.

This provision is kept to take into account the prevalent plot sizes and
housing types in different states, enabling the inclusion of a greater
percentage of new multi-dwelling unit residential buildings within the
scope of this code.

Applicable to all residential buildings built on a plot area of 2500 m?



ECBC-R: a simplified two tier process =

» Development: Review experience in the region Singapore, Hong Kong, others...
- Buildings survey, representative buildings, > 20,000 Energy Plus simulations across climates

Presc rl phve I] Kickstart con?&itgg%):cos&es Price estimation Develop simple
H H v ey (compared to compliance
i ifi implementation (& inclusion in business as usual) procedure
SiggleliiiEle) i
— calculation tool
P e rfO rm O n C e nggﬁéon%e éggrgg%ﬁ ';roining progrofn;n;z _ sl
checking process (to builders & e gg\;f?/rcgﬁigrs) — enforcement

owners)

(complete)

— verification

o Adopﬁon and enforcement: Model bye-laws developed at the national level can be
adopted by the states to implement the building code.

- Rajasthan: www.dnaindia.com/jaipur/report-rajasthan-gets-unified-building-bylaws-25539252

» Review and update: Further improvement could be achieved:
- 15 W/m? can be lowered to 12 W/m?

© OECD/IEA 2018


http://www.dnaindia.com/jaipur/report-rajasthan-gets-unified-building-bylaws-2553952

ECBC-R: building envelope requirements

Code Provisions

ENERGY 1§ LR
iea

|. Heat gain

Maximum Residential Envelope

Transmittance Value (RETV) for envelope

(excluding roof)*

Maximum U-value for Roof

ll. Natural Ventilation

Minimum openable window-to-floor area

ratio

Ill. Daylight

Minimum visible light fransmittance

(window-to-wall ratio)

* The RETV provisions are for all climates except the cold climate.

© OECD/IEA 2018



Reducing Heat Gain: Code objective & provisions

ENERGY 1§ LR
iea

To limit the heat gain/loss from the building envelope, the code specifies:

Conduction
through
opaque

surfaces

Conduction
through
non-
opaque
surfaces

Maximum value of thermal transmittance of
roof (U= 1.2 W/mZ2.K) for all climate zones

Conduction
through roof

Solar
radiation
through
non-
opaque
surfaces

Maximum value of
Residential
Envelope
Transmittance
Value (RETV) for
building envelope
(except roof)

© OECD/IEA 2018



Typical RETV for different construction types (Threshold = 15 W/m?) &

40

35 Most Prevalent
Construction

30

N
Q1

—_
Q1

RETV (W/m?)
N
S

—_
(@]

150mm_RCC_Wall, WWR: 0.3, SC, 230mm_Brick_Wall, WWR: 0.15, 200mm_AAC_Wall, WWR: 0.2, 300mm_AAC_Wall, WWR: 0.2,
Overhang: 0 SC, Overhang: 0.3 SR, Overhang: 0.3 HP, Overhang: 0.6

& »
< >

Various combinations with marginal difference in the construction cost

© OECD/IEA 2018



Process for Energy Simulation ied

* Selection of floor plan and building typology; geometric modelling - Template model

. ; * Parameter for simulation cases (Cooling, Wall type, Glass type, Shading, WWR,
Pre-processing Operable window to floor area ratio, Orientation, Wind)

» Generation of multiple EnergyPlus simulation input files

* One of the most advanced, widely used and
Energy accepted simulation program for whole building

Simulation energy simulation
* All simulations are done using “EnergyPlus”

EnergyPlus

* Extraction of selected results (heat conduction from each exposed wall & window,
transmitted solar through windows, hourly operative temperatures, sensible (thermal)
heat loads, cooling by ventilation, etfc.)

* Customized programming (automated) to collect and process simulation results to
calculate key indicator (heat gains per unit exposed envelope area, DDH wrt IMAC,
sensible cooling load per unit floor areaq)

Post-processing

© OECD/IEA 2018



Group discussion

Scenario:

A respected industry association claims that the building
energy codes are out of date.

How do you go about testing this claim, and what do
you do if this information is correcte

What indicators are important in your state?
What code types?
How would the process work for you?
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Residential Envelope Transmittance Value (RETV): Design Parameters (&

- Composite 6,06 18 6899

Hot-Dry 0,06 185 6899
Warm-Hurnid 55 131 65./1
Temperate 338 037 6369

n
{a X Z (Aolm:-qr.urei X []a;c:raqwef X @; )}
i=l1

i=l

envelope

+ {C X i (AnOH—OP‘JQHei % SHGC%. % )}
i i=l

Maximum RETV for all climates (except
cold climate) is 15 W/m?2

© OECD/IEA 2018



Openable area for natural ventilation ies) it

The openable window-to-floor ratio (WFR,,) is the ratio of openable
area to the built-up area of dwelling unifts.

WFRop _ Aopenable

Abuilt—up
(limatic zone Minimum WFRﬂF (%)
Composite 12.50
Hot-Dry 10.00
Warm-Humid 16.66
Temperate 12.50

Cold 8.33

© OECD/IEA 2018
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From draft proposed ECBC-R

RETV 3.4.3 The RETV calculation of the building envelope shall be carried out separately for
Formula each orientation of the building, using Equation 3 or 3.1 as shown below. The RETV
of all orientations shall be combined as per the relative envelope areas in each orien-
tation to get tha tntal RETV nf the building (See Annexure 8 Example 1).
1" Term 209 Term
RETV =|a x ( |-WWR !x U, uone X a)Hb x WWR x Umn_omm X ()
+c><WWR><SHGCeq XM |« 3rd
where, Term
RETV . residential envelope transmittance value (W/m?)
WWR :  window-to-wall ratio; it is the ratio of the non-opaque building

envelope components area of dwelling units to the envelope area
(excluding roof) of dwelling units

14 BEE plans to improve the RETV norm to 12 W/m?in the near future and the building industry and regulating
agencies are encouraged to aim for it.

2018



Characterizing the performance of the building envelope -

Residential Envelope Transmittance Value (RETV) (W/m2) is the net heat gain
rate (over the cooling period) through building envelope (excluding roof)
divided by the area of building envelope (excluding roof). Its unit is W/m?2,

a, b, C: coefficients, based on climatic zone

] st Term Aenvelope: €nvelope area (excluding roof) of dwelling units (m?)
_ Aopaquei: areas of wall / opaque part (m?)
n
ax Z ( A e, U ppage, a)i) Uopagque;: thermal fransmittance values of wall /
i=l
opague part (W/m2.K
1 n Al 2nd ( )
RETV = x|[+4bx Z (Armnfapaquej X (]norrfopaque, X, )} Anon_opaquei: areas of glass / non-opaque part (mz)
envelope i=1 . Te rm
u Unon-o - thermal transmittance values of glass /
LT paque;
+ {C X z ( Anun—opaque, X ‘SH(I('L‘CI;' X a)l )} non-opaque part (W/m2K)
i=l J

SHGCgq,: equivalent solar heat gain coefficient
3rd values of glass / non-opaque part

w;: orientation factor
Term

© OECD/IEA 2018



Orientation Factor ied

Incident Solar Radiation Accounts for variation in
1.40 incident solar radiation falling
120 114 117 117 114 on walls with different

compared to “North”
orientation.

1.05
1.00
0.86
0.80
0.61
0.60
0.40
0.20
0.00

Worst orientations must be

orientations
0.86
Solar radiation falling on
S ¢
o treated first

“South-West” orientation is
almost “Double” as
S

© OECD/IEA 2018



ECBC-R: a simplified two Tiers road map ©&

Hypothesis
1. After BEE releases ECBC-R
2. MoUD via the TCPO include it (all or
part) in the model Bye-laws
3. Model Bye-laws can be used by
the States in some states which
have unified Building Bye Laws)

© OECD/IEA 2018



http://mohua.gov.in/cms/Model-Building-Bye-Laws.php
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